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INTRODUCTION

CATARINA RUIVO, DAVID LEITE VIANA,
FRANKLIM MORAIS, AND JORGE VIEIRA VAZ

The International Symposium Formal Methods in Architecture is a biennial
scientific meeting that has taken place in Portugal since 2011. The editors
are members of their committees. Most of the papers of the 3rd edition of
the Symposium (2015) were published in a book, Formal Methods in
Architecture and Urbanism, by Cambridge Scholars Publishing.

This new volume includes a selection of papers presented to the 4th edition
of the Symposium (2018). The editors would like to add a few preliminary
words.

Formal Methods in Architecture

The main purpose of the symposia is a contribution to the debate about the
application, in the disciplines of Architecture and Urbanism, of new formal
methods—new methodological advances based on tools coming from
Mathematics. From the millennial geometry to current shape grammars,
several formal approaches to Architecture and Urbanism are presented, with
their different points of view, different fields of application, and different
grades of abstraction and formalization. The aim is to look at the potentials
and purposes of these formal methods, both those on the horizon as well as
those already accomplished, and both their successes and their problems.
The intention is to promote the use of formal methods in the creation of new
explicit languages for problem-solving in Architecture. These problems
range from representation, to theory, critique, production, and communication,
etc., never ceasing to see Architecture and Urbanism as technological
activities as well as artistic ones.

The main fields of interest are the collection and low-level semantic
organization of information (several methods of tracking and mapping—video;
GPS, Wi-Fi; ISP; cellular phones; beacons; loT-Internet of Things; GIS-
Geographic Information Systems; BIM-Building Information Model/VDC-
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Virtual Design and Construction); syntactically and semantically advanced
formal languages (ontologies for the built environment; machine learning
processes; shape grammars); formal theories (Space Syntax; SCAVA-Space
Configuration, Accessibility and Visibility Analysis; cellular automata;
agent-based design); project representation, visualization, and interaction
(CAD-Computer Aided Design/BIM-Building Information Modelling;
virtual reality; augmented reality; spatial augmented reality; human-computer
interaction); low, medium, and high-level architectural design automation
(CAD-Computer Aided Design/BIM/IFC-Industry Foundation Classes;
parametric design; processing); advanced automated architectural design
(shape grammars computer implementation; advanced reasoning artificial
intelligence tools—heuristic and non-heuristic); building performance analysis
(environmental analysis; multi-criteria analysis; flow and crowd analysis;
biometric sensing of users); automated manufacturing—CAM (subtraction
techniques; adding techniques; tessellation techniques); and the active
management of the built environment (participatory urbanism; smart
buildings; smart cities).

The more historically established areas for the application of mathematical
sciences, such as traditional geometries or mathematical developments
connected to engineering, are left somewhat outside our focus, without
forgetting, however, the deep connections between them. Some of these
new methodologies have a level of development that requires the existence
of established academic communities, with their own specialized forums.
Our symposia, which are more than an attempt to deepen each specific field
(which are also), are above all about finding points of convergence. This is
not limited to a possibly interesting abstract integration of different areas of
research but it is mainly concerned with advancing the multiple crosses
between various methods, whose fertility has already been proven.

A dialogue with semi-formal and even informal methods in current use has
also been stimulated as a way to deepen the discussion on the controversies
of aesthetics and ideologies that surround the possibilities and reach of a
formalization of Architecture and Art. Even some contributions on the
application of formal methods in fields other than architecture, like literature,
music, and the fine arts, have been useful for architectural practice. These
considerations could lead to the conclusion that the work is based on
discussions of generalities and emptiness, which is not the case. A high level
of technical depth is required on every single contribution. Formal rigor and
acuity are constant demands for all participants.
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The Structure of this Book

This volume aggregates about three dozen papers based on the Symposium
presentations. The scope is the built environment, but a wide range of scales
is presented, from the decorative tile to the room, from the house, from the
building to the urban scale, from the street, and from the square to the city.

This volume is divided into two parts.

Part I includes the chapters that deal with the construction of the formal
representations of the built environment. They start from the collection of
relevant information, go through the semantic organization of that
information with increasingly elaborate levels of semantic abstraction, and
finally lead to theories, as well as structured and formal mental constructions
about the built environment (the forms) and their relations with both the
natural world and the psychic and social world of human beings (the
functions). These theories, with a greater or lesser degree of complexity and
abstraction, make it possible to carry out assessments on the desirability of
architectural or urban solutions.

Part I has five sections:

Part 1.1 encompasses texts that preferably use SCAVA-Space Configuration,
Accessibility, and Visibility Analysis (e.g., Space Syntax, isovists, visual
graph analysis, or agent-based analysis) methods and theories in urban
problems. Most intend to establish the interrelations between the
configuration of urban spaces and the human activities that develop in them,
as both (forms and functions) interact and condition each other. However,
these analyses are also concerned with the semantics within the language of
the forms/spaces themselves for purely configurational and/or aesthetic
evaluations, as is shown in Chapter 1.

Part I.2 groups texts that are still dedicated to urban analysis but which use
other methods, especially GIS and its additional analysis and evaluation
tools. The use of GIS and SCAVA methodologies together are also shared,
as some of the texts in Part 1.1 indicate. In Part 1.2, texts with less formal
methodologies are also presented. Chapter 10 is a good example of a more
classic semi-formal analysis that can establish a good dialogue with formal
methods. Although not completely formalized, some concepts from
classical theories are relevant to a deep analysis of architectural practice and
may be the object of the creation of future formalisms.
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Part 1.3 contains two texts with SCAV A methodologies applied to buildings,
and Part 1.4 does the same but in this case they are applied to landscape
architecture.

Part .5 contains two texts. One of them brings to our attention a very classic
analysis of architectural theory, which contains many concepts that are also
subject to formalization today. The other text makes a classic approach to a
generic problem of urban studies but points out the subordinate lines in
which it contemplates both more classic and more formal methods. Both
texts serve to continue the discussion on the interaction dynamics between
analysis and theory, either classical or formal, with the different forms that
this interaction can take.

Part II deals with automatic design and project production methodologies.
These formal methodologies for producing the built environment are much
less developed than those related to the analysis of the built environment.

Part II.1 contains a single text, which is representative of part of the
linguistic formalization effort. Any formal language needs very firm syntactic
bases, so some studies have to be directed exclusively at the formal
definition of very generic syntaxes and semantics. It is a work similar to that
of mathematicians who provide languages for all sciences, although they are
not tied to the practicality of their use.

Part 1.2 brings us, mainly, generative languages that programmatically
produce forms for environmental projects to be built in the future. Usually,
many of these grammars contain exclusively syntactic production rules, so
the forms generated are arbitrary and without any control from the point of
view of their ability to interact with their exterior—the lives of human
beings. Many of the chapters in Part 1.2 overcome this problem. Those
generative grammars use production rules that already take the knowledge
that comes from the consolidated heuristics of architects into account.
Grammars based on heuristic, cultural, aesthetic, and even social knowledge
are presented. Some of the grammars are even built from the observation of
reality and then used for future developments. Machine learning methods
are used for this construction.

Part I1.3 includes very interesting examples of the use of formal methods of
production in an academic environment, with a view to training new
architects to be sensitive to formal methods.
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Part 1.4 contains a single text that serves as an introduction to a dialogue
with some trends of contemporary architecture which, although using semi-
formal methodologies, are similar to formal tools.

EBSCChost - printed on 2/8/2023 10:39 AMvia . All use subject to https://ww. ebsco.coniterms-of -use



EBSCChost - printed on 2/8/2023 10:39 AMvia . All use subject to https://ww. ebsco.coniterms-of -use



EBSCOhost -

4™ SYyMPOSIUM FORMAL METHODS
IN ARCHITECTURE:;
CLOSING REMARKS

FRANKLIM MORAIS

Honesty and Modesty

During the course of the Symposium's work, two of the presentations shook
our minds. Not because the ideas and positions were so different from the
rest, but because they reached two core points of an ethical behaviour.

In the first,(" one of the authors presented a study where a set of theses were
proposed to explain the influence of the permeability of facades on urban
vitality. It was an application of Space Syntax methodologies to some
observed behaviours in a Brazilian city. But this is not our topic. What we
are trying to relive is that, at some point in the speech, the reader presented
the conclusions, and said, “this and that thesis confirmed; this and that thesis
not confirmed”. The three magic words were "thesis not confirmed". Many
of us are used to a discourse on architecture where there is no research and
no confrontation with reality. It only makes statements of principles, which
are often ideological and/or normative. And yet there are those who first
find the revealed truths and then the necessary ad hoc demonstrations to
support them. Many proclaimed theses are clearly biased by ideological
claims. It must be stressed that nothing moves us against ideology. There is
no decision without some human appreciation and evaluation. The scientific
commitment is only against the self-presentation of ideology as theory, and
of norm as truth. The authors of this paper were clearly attached to some
social, political, or cultural positions. Nevertheless, that did not prevent
them from accepting partial defeat. They did not try to impose their wills on
their results. They positioned themselves in the place of total honesty: the
confrontation of their thesis with reality, through their theoretical method,

() “Development of a Permeability Measure Between Private and Public Space”,
Patricia Alonso, Meta Berghauser Pont, and Luiz Amorim (Chapter 7).
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corroborated some of them and those that were not confirmed had to be
forsaken.

In the debate over another paper,® the author undervalued his own work,
saying that it had not achieved a great level of conclusions. For some of us,
who have been following his work for some time, this seemed somehow
unfair. Actually, he has performed an overwhelming piece of work, with
very detailed analysis on hundreds of squares, in order to obtain some
conclusions on their configuration and behaviour. He had mathematically
formalized several dozens of parameters, trying to get a formal definition
and clustering of types of squares. At the end, the author was not that
pleased. He just said that the work was not so good after all. But we could
understand his modesty: despite all his work, he was still very far away from
a semantically well founded “theory of the square”. These same ethical
positions globally and implicitly pervade all communications. Unlikely the
traditional architectural papers, many of them used the current scientific
template: they explicitly presented the underlying methodological base,
they made experiments, their thesis was formally constructed, the results
were discussed, and they usually presented the labour to be performed in
the future to rectify the flaws of the present. We believe that the use of
formal methodologies has a prominent role on these ethical (among others)
achievements. Formalization implies making all the elements of the “speech
act” completely explicit, implying not only the “speech” but also the
process. Totally explicit knowledge needs the inclusion of the interpretative
code to be used by other languages to make clear assumptions. The concepts
of those structures are becoming increasingly diverse from those immediately
tied to empirical perceptions of objects and those trying to search for
essences of the reality far away from our senses. Nevertheless, their
construction may be entirely mapped from the first assumptions to final
results though all the algebraic movements of their construction. They can
thereby be related to empirical data.

When someone presents a formal theory, they declare all the global
assumptions (the code to interpret the theory, including the code for other
people to understand the theory), all the terms, and all the rules of the
generative grammar for creating new terms. Nothing can be hidden. One of
the major tasks of a new theory is the explicit definition of its domain—the
portion of reality it has to deal with. This means that each theory has a
perfect understanding of what each theory is missing, which parts of reality

@ “Linking Data Mining, Spatial Analysis and Algorithmic Design”, Jodo V. Lopes
(not in this book).
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it deliberately ignores, and its incompleteness. It never tries to be the answer
to all problems. It knows that it is provisional and carries errors inside it,
but it can also be improved in an endless process.

The Formalization of Art and Art Studies

I would like to stress a final topic: formalization (representing something in
a formal language), which is not directed against Classic Studies. For
example, in one other paper given at the Symposium,® the author brought
us some old ideas in refreshed suits. The presentation focused on a semantic
definition and organization of some now underrated concepts, such as grace,
scale, decorum, order, and composition.

We might think we were moved in time and place to Quais Malaquais in
Paris, in the late nineteenth century or the beginning of the following, where
the lessons of the courses of Architecture brought us the Treatises of the
Beaux Arts, from Guadet or, later, from Gromort and Gutton. For some,
those treatises have already been thrown to the dustbin of History, aided by
the numerous schools of "Arts and Crafts" and even more by the Vkhutemas
and Bauhaus schools. This skirmish can be viewed from a broad perspective
as an episode of the millennial conflict over rhetoric.

The position of Plato is well known: rhetoric is a good mean for the
persuasion of the ignorant masses and not for the discovery of truth.
Aristotle countered that it was good to study rhetoric because everyone
could learn how he was deceived, but yet more relevant is the fact, forgotten
by Plato, that even the mighty truth needs to materialize in some language
to be revealed.

Modern speech act theory teaches us that sentences in natural speech are
predominantly performative utterances. Semiotic studies do not say
otherwise. So, even Plato's “Gorgias”, where he painfully strikes rhetoric,
is a rhetorical masterpiece. Even architectural modernism, whose discourse
is quite far from rhetoric, could not avoid the use of architectural languages
with their implicit rhetoric. Paraphrasing the mocking argument of someone

® “Form and Meaning in Architecture and Urbanism: Principles of Quality”, Javier
Poyatos Sebatian (Chapter 16).
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(Robert Venturi), Beaux Arts has made monuments to something; modernism
makes monuments to itself.

The Treatises of the Beaux Arts carried a great flaw: their linguist tropes
were presented as perennial norms, giving them the very bad reputation of
academism. But linguistic studies could split semantic concepts from their
values and could reuse what was a real advance in conceptual systematization.
Many of the old concepts are now formalised and are not tied to specific
values. Looking further back, the old treatises did not suffer from the same
flaws of academism. Maybe what we are really trying to do is to translate
Alberti's concinnitas into a formal language.
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TO THEORIES AND EVALUATION
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I.1

SCAVA METHODOLOGIES
IN URBAN STUDIES
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CHAPTER ONE

ALEXANDER’S THEORIES APPLIED
TO URBAN DESIGN®

ALICE RAUBER, ROMULO KRAFTA

Introduction

The relationship between urban design and science has always been highly
debatable!. Using analytical methods in urban design has been a
challenging question since they do not easily become part of the process.*~
¢, Despite the difficulties, several authors claim that urban design should be
more evidence-based,”'? especially because of the increasing availability of
data for cities and analytical tools, which opens up the possibility of a
science of cities.'> 12 In such a context, it is worthy to review some of the
Christopher Alexander’s theories. He is an architectural theorist pioneer in
trying to find better ways to design. Since the 1960s, he has been outlining
a theory of built space design that seeks to overcome the architectural/urban
production as something conceived purely in arbitrary and subjective terms.
Although he is best known by his seminal work 4 Pattern Language,'’ the
focus here relies on the theories presented in The Nature of Order,'* and
related work.!> ¢ In his recent work,'*!® Alexander has proposed very
instigating theories about the harmony and beauty seen in natural and man-
made artefacts, although his concepts remain very hard to grasp and unlikely
to practical applications. Here we try to bring such concepts closer to a
science-based urban design development. First, we briefly introduce the
main theories.

Wholeness is the central concept in recent Alexander’s work.'*!® It can be
defined as a global structural character of a given configuration existing in
space, both in natural and man-made things. Alexander also calls it a living

(M This chapter was previously published in the Special Issue “Formalizing Urban
Methodologies”. Urban Sci. 2018, 2(3), 86;
https://doi.org/10.3390/urbansci2030086.
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structure because it emerges from an incremental process. He argues that
everything has some degree of life. Of course, he refers to non-biological
sense. His meaning for life is more related to coherence and harmony.

Wholeness structure is composed of primary entities called centres. Those
centres support and intensify each other through the repeated occurrence of
fifteen geometric properties: levels of scale, strong centres, boundaries,
alternating repetition, positive space, good shape, local symmetries, deep
interlock and ambiguity, contrast, gradients, roughness, echoes, the void,
simplicity and inner calm, and not-separateness. Such properties describe
how the centres interact with each other. Properties help to increase the
coherence and the strength of any given centre and to generate new ones.
Alexander believes that the fifteen properties play a major role in making
the wholeness of a system, because of the recurrence of them in all the
coherent systems observed by him through many decades. Wholeness is,
therefore, a recursively defined structure composed of centres, which in turn
are composed of other centres. The successive application of transformations,
in other words, computations, based on the fifteen properties lead to the
formation of living structures. Such a process is harmony-seeking or
wholeness-extending oriented'® since it seeks to preserve the previous
structure. However, it only happens when transformations are based on the
fifteen properties. '

As we can note, the idea of wholeness addresses the underlying structure of
systems, namely its hidden quality. The existence of sub-structures—the
centres and the sub-centres—addresses a scaling hierarchy. Such
understanding helps to bring design process closer to a complex sciences
approach. According to Alexander," scientists who study biology and
physical phenomena, for example, are passive in regard to the aspect of
creation. The architects, on the other hand, are key proponents, whose
project errors interfere in the lives of many people so they should be aware
of the design process. Therefore, the creation of complex structures—which
is the case of architecture and urbanism—should become an important
scientific topic. Alexander suggests that aesthetic plays a key role in the co-
evolution of complex systems since the transformations that lead to the
emergence of harmony and beauty in nature obey universal rules—the 15
properties. If it is true, such a process should be understood in order to be
applied to the design process.

Finally, Alexander'*'¢ argues that wholeness, namely the degree of life of
a given configuration, is measurable since the properties can be objectively
observed and described. However, the author himself admits that we still do
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not have a mathematical language or a computational method to achieve
this. According to Alexander'* (pp.364-367), although the measurement of
wholeness relies necessarily on the human observer, it is not just a cognition
problem, but something objective that exists in space. The author admits
that we need a more objective and mathematical way to support the task of
measuring wholeness in spite of his deep concern for human intuition,
especially when analysing complex artefacts such as cities and building. He
proposes a new research agenda to operationalise the harmony-seeking
process'®. Therefore, the main challenge would be to establish some way of
describing and modelling the harmony-seeking process, the fifteen properties
and the idea of wholeness. A reduced number of authors'”?° have attempted
to embark on the path outlined by Alexander. Salingaros!” have suggested
the first mathematical treatment for the degree of life. His measures are quite
simple and present some limitation that indeed was highlighted by
Alexander'* (pp.469-472). Ekinoglu and Kubat® and Jiang'® !? have proposed
interesting methods for measuring wholeness, the former based on entropy
measure and the latter based on a complex network approach.

In line with Jiang’s research, this paper discusses the possibilities and
drawbacks of operationalising Alexander’s concepts from a network
analysis perspective. We argue that there are much more possibilities to
explore towards a configurational approach than previously exposed by
Jiang'® '°. We emphasise that a network approach is just one of the possible
ways to explore Alexander’s ideas. Obviously, there is a diversity of
possible approaches, although in a reduced number of scientific papers, as
we have just referred above.

The aim of this paper is contributing to the discussion of how to
operationalise the harmony-seeking and centring process based on network
analysis. This kind of research is important because it can lead to the
development of a tool for assessing wholeness, in other words, a tool for
supporting urban design decisions. Firstly, we attempt to bring Alexander’s
theories closer to an urban design context. Moreover, we attempt to bring it
closer to an urban network perspective since we are concerned about
configurational issues of urban design. Then, we highlight the diversity of
spatial network analysis available in the field of urban configurational
studies. It is illustrated with a case study, where we apply network-
modelling methods. Finally, we discuss possibilities of increasing the
potentialities of a network approach to operationalise Alexander’s concepts.
The paper concludes with the main drawbacks, challenging issues and
possibilities for future research.
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Bringing Alexander’s Concepts to an Urban Design
Context

Alexander’s theories, as previously exposed, are too abstract and generic to
be straightforwardly applicable to urban design processes, or any kind of
design process at all. Consequently, some interpretation is required,
especially if we are committed to operationalising measures. In order to
make his concepts more concrete, we assume some delimitation.

The first one is to discuss wholeness and the properties within an urban
design realm. In fact, urban design is still a broad field to deal with, since it
covers a wide range of scales and aspects. Seen in these terms, urban design
can embrace small details from streetscape, buildings typology, green areas
and activities distribution, networks of infrastructures and even entire
cities—to cite just a few examples. Fortunately, the broadness of
Alexander’s work is not limited to a single scale. However, dealing with
such a wide range of scales would be impossible. Thus, the scale addressed
in the present study is the whole city scale, in other words, the urban
planning scale. Defining a scale make it easier to define what are the sub-
components of the system, namely, the centres. If we are considering a city
as the whole system, we can define the streets and built forms as the primary
elements. Streets and buildings are precisely the key features in the
structuring of urban morphology at this scale.

Several studies have shown that the configuration of the streets is a primary
aspect in the structuring and dynamics of the cities, and it has been explored
extensively through a network approach in the urban configurational
studies?!"?. Thus, the interconnectedness of the streets can be considered
one of the most important aspects of the urban design in the scale we are
addressing here. Similarly, the built forms can be considered as connected
elements. Together with streets, buildings also contribute to give rise and to
support the global character of the urban structure. Put it in other words, the
built forms are as important as the street network, although studies
attempting to include built forms are scarcer in the literature in the urban
configurational literature?®-23,

The main aspect we focus on is the configuration of the core elements of the
urban structure: street and built forms. We are concerned about how the
spatial elements connect to each other, as typically approached in
configurational studies. Thus, we assume an urban network approach, in
which the streets and built elements play a major role. Graphs are the
principal mathematical language to describe properties of connected
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components®- 3°. Moreover, graph theory has been broadly used in urban
studies® 21 23-28, 3135, 3940 Thyis kind of work can be considered a particular
field of urban morphology as it essentially addresses the configuration and
the relationship between urban components. The main advantage is that the
network properties of urban components can be mathematically
manageable. In this sense, we argue here that this well-established research
field can be useful to operationalise some of Alexander’s abstract concepts.
Besides, Alexander’s recent theories are very suggestive of a network
approach. According to Alexander, the degree of life of a given centre is
defined not by the centre itself but by its position in the entire field of
centres'* (p.459). The author gives us others clues that make us believe that
anetwork approach seems to capture the fundamental idea of wholeness and
degree of life. Alexander suggests that each centre—as a bit of geometry in
the space—affects and changes the other centres'* (p.415).

Another bridge between Alexander’s theories and a network approach is the
scale-free property!®. Some complex networks present far more less-
connected elements than well-connected ones so that their degree of
connectivity reveal a power law distribution. It is called a scale-free
network™. Such property also has already been explored in urban studies®*
32,33,35, 37 The underlying structure and scaling hierarchy of artefacts are
some of the key points in Alexander’s theory, as previously exposed. In this
sense, the network approach used in urban systems studies may be helpful
to achieve it.

Finally, a network perspective on Alexander’s wholeness has already been
suggested'®!?. Jiang defines wholeness as a hierarchical graph, in which
centres are described as nodes and their relationships as links. The author
suggests a mathematical model for wholeness, in which: a) PageRank score
can measure the degree of life for each centre, and b) ht-index*® can
characterise the degree of wholeness for the whole system. PageRank (PR)
score is an algorithm used to measure the centrality of websites. Jiang'®
applies it to measure the centrality of nodes in order to capture the hierarchy
of the components. Ht-index is based on head/tails breaks, which is a
clustering algorithm for data with heavy-tail distribution. It can be used for
classification and visualisation of data, helping to characterise the levels of
scale. Values are ranked in decreasing order and broken down by the
average. Those above the average constitute the head and those below is the
tail. This breaking process continues recursively for the head until the notion
of far more small things is no longer present. Thus, ht-index can be defined
as “the number of times that the scaling pattern of far more small things than
large ones recur’*® and can be used for comparing different systems.
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The main problem in using PR is that it grasps only one characteristic of
urban structure and it is not clear whether it is the best way to capture
hierarchy. In fact, it is not clear if there is a better way to capture hierarchy
since there are several different methods to measure urban centrality and
obtain spatial differentiation. Besides, each centrality measure reveals
different distribution patterns®*-*, Therefore, many measures other than PR
could be used to identify hierarchy in a graph.

In this paper, we assume that Jiang’s suggestion is true and that network
analysis can bring a suitable mathematical language for dealing with
Alexander’s insights. In the following sections, we discuss possibilities of
improving such approach, considering the diversity of techniques in urban
configurational studies unexplored to the task of measuring wholeness.

Urban Configurational Studies

Typically, urban configurational studies use discrete components to
represent the urban system, so that each component correspond to nodes and
their connection links in a graph. There are three types of criteria used to
define the discrete components®”: a) preservation of geographic features, b)
maximum morphological units, and ¢) minimum morphological units. In
Figure 01.1, we can see one example of each criterion: a) intersections,
which preserves geographic features—distances between nodes; b) axial
lines, as maximum morphological units; ¢) street segments, as minimum
morphological units of streets network.

The first one “a” is useful when Euclidean distances are important, because
the corresponding graph is equal to the map, as we can see in Figure 01.1.
This kind of representation is also known as a primal approach3® 3¢, Both
“b” and “c” are known as a dual approach®® since the graph is different from
the map. In this case, Euclidean distances are deformed.

Descriptive systems like “b” and “c” give priority to streets network. The
main difference between them is the level of aggregation of components.
Maximum morphological units, such as axial lines?"> 3! and continuity
lines*’, are highly aggregated models because the primary units—the street
segments—are merged according to a criterion, which is usually cognitive.
Meanwhile, minimum morphological units can be viewed as a disaggregated
form of axial representation®. Choosing the best descriptive system to
model any problem is paramount because it strongly affects the results®*3>
3 In fact, one of the crucial points to operationalise Alexander’ is how to
represent the parts of a system. The parts, namely the centres, are the
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components of the urban graph. The examples in Figure 01.1 address
essentially the street network. However, we know that other features should
also be considered as primary entities, at least the built forms since they are
key components of the urban design.

One of the core ideas to Alexander is that assembled centres compose
wholeness structure. Thus, the recognition of the parts of the system is an
important step to operationalise wholeness. The discrete components of
graphs, as simplified representations of reality, already do this job. The
descriptive system presented in Figure 01.1, commonly used in urban
studies, can be considered as objective ways of recognising centres if we
assume that each centre is a node in the graph.

(a) intersections (b) axial lines (c) street segments

\
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Figure 01.1

Three ways to represent the urban system as maps with discrete unites and their
corresponding graphs.

Besides distinct descriptive systems, urban configurational studies have
produced several graph-based methodologies to measure network properties
of cities. We can group them into two types: a) accessibility-based models,
such as closeness centrality®® 3* 4! and integration®! 3!; and b) centrality-
based models, such as choice?!*!, betweenness centrality’33*4? and also the
centrality measure developed by Krafta?®. The first type is also known as
distance-based measures and the second as relative position-based. Each
measure gives us a different picture of the urban structure, showing spatial
differentiation among centres. If we combine different measures with the
different descriptive system showed above, we will have a set of distinct
schemes to grasp spatial differentiation. In other words, we have a number
of different ways of identifying the hierarchical relationship between the
entities.
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Material and Methods

In the present paper, we will not suggest new methods. Rather, we will
illustrate how the distinct measures and descriptive systems often used in
urban configurational studies can produce different results. Thus, the
following case study aims at illustrating some of the models described
before. Moreover, this case study helps to discuss the possibilities of using
the resulting patterns as analogies for some of the properties. We argue that
such understanding is crucial to the development of new methods to grasp
Alexander’s properties.

We model a real urban system, a medium-sized city in Brazil, which was
chosen mainly because of its size. It is not too small nor too big. We divide
the methodology into two steps. First, we explain the descriptive systems
and the centrality measurement applied in this case, corresponding to the
different manners to identify a hierarchical relationship in the urban system.
Second, we suggest different manners to explore the results of the centrality
scores from which we can identify possible connections with the geometric
properties outlined by Alexander.

Descriptive Systems and Centrality Measures

The street network of the studied city is described in three different ways
(Figure 01.2): intersections, street segments and axial lines. Each one has a
corresponding graph, with a different number of units. We can consider
each vertice of the graph as a centre. Then, we calculate three different
centrality measures for each type of representation: closeness, betweenness
and information centrality. These are classical centrality measures already
used in urban studies®* 34, They were chosen because they are capable of
grasping the global properties of a system.

In network analysis, the nodes are classified in a range of values according
to the score that is being used. Therefore, with this set of measures, we have
three different ways of identifying the hierarchical relationship between the
nodes, namely the centres. Closeness measures “to which extent a node is
near to all the other nodes along the shortest paths™* Betweenness
measures to which extent a node lies in the shortest paths connecting other
couples of nodes**. Information measures the drop in the network efficiency
when removing a node, therefore it can be related to the capability of the
network to respond to the deactivation of nodes**. Mathematical
formulation and deeper explanation of those metrics can be found in the
literature™*3441-42_'We perform the measures using Morphometrics*, which
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is a software for urban network analysis developed by researchers from the

Federal University of Rio Grande do Sul and the Federal University of
Pelotas.

(d) .
T,
i

Figure 01.2

This picture shows (a) the city studied and a detail of the three descriptive systems

used to represent the street network: (b) intersections, (c) street segments and (d)
axial lines.

Exploration of the Centrality Measures Results

After performing the centrality measures, we have three different ways to
characterise hierarchy among elements in three different descriptive system.
Entities are ranked by values obtained through centrality models. In spite of
that, the main question remains unaddressed. How can we measure the
fifteen properties of Alexander—at least, some of them?
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Jiang'® 1% 38 yses the Ht-index to capture the levels of scale of a system.

Whether it is a proper way of quantifying wholeness is arguable. However,
it is certainly a good way to grasp the property levels of scale. It is at the
same time an index and a visualisation scheme. And most importantly, it is
done from the statistical distribution of the centrality metrics. Consequently,
we claim that analysing the distribution of the results, spatially as well as
statistically, is an important step of operationalising Alexander’s ideas since
the statistical distribution and the spatial patterns can enable us to identify
some of the fifteen properties, other than levels of scale. Here we have
explored the results of the centrality measures in two ways so that we could
see how different measures and different descriptive systems affect them.
The first one is the spatial distribution of the results, which enables a visual
analysis. The spatial distribution of the centrality measures can be visualised
through Geographical Information Systems (GIS). The second one is the
statistical distribution of centrality measures, which is analysed by histograms
built in RStudio.

Results
Spatial Distribution

We have standardised the visualisation in order to make it easier to compare
the different descriptive systems. In spite of building the maps with different
types of features, like lines or dots, we display all of them as graduated
symbols. Hence, the larger features correspond to greater values, while the
smaller ones correspond to lower values. Graduated symbols allow
revealing the hierarchy of the values better than colour ranges, for most of
the cases. The statistical method used to obtain the intervals is Natural
Breaks.
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Figure 01.3

Spatial distribution of centralities for intersections/nodes (primal representation): a)
Closeness Centrality; b) Betweenness Centrality; ¢) Information Centrality.

Figure 01.4

Spatial distribution of centralities for street segments (dual representation): a)
Closeness Centrality; b) Betweenness Centrality; ¢) Information Centrality.
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Figure 01.5

Spatial distribution of centralities for axial lines (dual representation): a) Closeness
Centrality; b) Betweenness Centrality; c¢) Information Centrality.

As we can see in figures 01.3, 01.4 and 01.5, each measure has a different
spatial pattern of distribution. Except for closeness centrality, the others
present distinct patterns of distribution depending on the descriptive system.

Statistical Distribution

The histograms (Figure 01.6) show the statistical distribution patterns of the
centrality measures. Betweenness and information centrality are more likely
to have a heavy tail distribution, while closeness centrality is more likely to
have a normal distribution, no matter the descriptive system. The
characteristic distribution of the values of betweenness and information
centrality suggests exponential or power law distribution. However, using
simply a histogram to verify power law histogram is a very poor way
proceed to verify a scale-free distribution. Of course, it must be confirmed
by more powerful statistical packages in future investigation.

printed on 2/8/2023 10:39 AMvia . All use subject to https://ww. ebsco. coniterns-of -use



EBSCChost -

Alexander’s Theories Applied to Urban Design 17

. Betweenness Information
Closeness Centrality Centrality CZ ntrality
= k B .
%) g : 3
~ B ;ﬂm mL Nl . il
Z Q2

il

STREET
SEGMENTS

|

Figure 01.6

1
% 0

AXIAL
LINES

Histograms showing the statistical distribution of centralities measures.

Centrality Patterns vs. Alexander’s Geometric Properties

Here we attempt to recognise analogies between the resulting patterns from
centrality metrics and some of the Alexander’s properties. First, the
visualisation of the spatial distribution of the results for each centre allows
us to recognise strong centres, one of the fifteen properties; although it
changes accordingly to the metric which is being used and also to the
descriptive system. The 10 or 20% of the highest values for each measure
could be considered as being the strong centres. Second, we can see the
gradient property since we have different classes of values, represented by
features of different sizes. As we can see, closeness centrality is not good to
grasp it, since it has not a strong distinguishing power. By contrast,
betweenness and information centrality seems to be promising measures.
As closeness centrality has not a strong distinguishing power, the better
visualisation scheme is a colour ramp. In Figure 01.6, we use a colour ramp
in which results are grouped into six classes. This way we can distinguish
gradients for this centrality measure. Consequently, we adopt the quantile
method rather than Natural Breaks, which is better for normal distribution
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samples. Regarding the visual pattern of distribution, in this type of
measure, the highest values tend to converge for the geographic centre of
the system since it is distance-based.

Figure 01.7

Closeness Centrality in three different descriptive system: a) Intersections; b) Street
Segments; ¢) Axial Lines.

As regards to statistical distribution, we can see that distance-based
measures, such as closeness centrality, are more likely to have a normal
distribution. Measures based on the relative position of vertices, such as
betweenness and information centrality, are more likely to have heavy tail
distribution. It means that they have stronger differentiation power, which
is a good way to identify hierarchical levels in a given configuration. Thus,
they can be related to levels of scale, being an alternative to PR centrality
suggested by Jiang'® 1°.

Discussion

In this section, we discuss how to improve the network approach already
suggested in the literature. Each of the centrality measure combined with
different descriptive system reveals distinct spatial and statistical distribution.
As we could realise with this case study, closeness, betweenness and
information centrality seem to have potential to be used as methods for
operationalising Alexander’s concepts, since they can be related to some of
the geometric properties, especially if we look at the spatial and statistical
distribution of the results. Of course, it needs to be more developed.
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Adopting an approach similar to Jiang'® ', within a network perspective,

instead of using only PR centrality'®, we can use a set of different centrality
measures, or to choose the measures that best fits the design objectives being
carried out. For instance, information centrality**3* can show the vulnerability
of the system, while, closeness and betweenness can show potential to retail
activities?"> 3!. Fortunately, there are many pieces of evidence in the
literature about the relationship between centrality measures and aspects of
real life.

Alexander’s theories are too abstract to be applied straightforwardly to
urban design. However, the visualisation of the resulting patterns obtained
through the centrality measures can be connected to some of the fifteen
geometric properties. In this sense, a network approach can be seen as a
bridge between Alexander’s concepts and practical application to urban
design. In the future, it can be explored as a monitoring tool. Such a tool can
be thought of as a supporting tool for urban designers, as well as a
monitoring tool for the city growth. Of course, we still need a lot of research
to have a better understanding of the potential of the fifteen properties and
wholeness to indicate quality of the built environment. We are aware that
some of Alexander’s core ideas remain unaddressed. Thus, we highlight
some of them, for future research. The first one relates to the approach used
to build the urban graph and the components considered as centres. The
three methods showed in the current paper deal mainly with the street
network. However, it is a poor approach, since urban design deals with
many other crucial aspects, such as built forms and activities. Thus, we need
to find out how to incorporate them in the urban graph, overcoming the strict
street network view, commonly used in urban configurational studies. The
next step of this research is to study more detailed descriptive systems,
which include the built forms, for example. There is another worrying issue
regarding the urban graph. Some of the descriptive methods tested in this
paper are regular networks, which means that they have a uniform degree
of connectivity. However, the best way to grasp wholeness and scaling
hierarchy is using a complex network perspective, as suggested by Jiang'> 3.
Regarding this issue, axial lines seem to have some advantage. Nevertheless,
a small-world network could also be achieved by incorporating built forms as
components of the graph.

Finally, another issue that remains unaddressed is the notion of the
properties as transformations, namely being part of a harmony-seeking
process. We could gain more insights if we consider centrality as a process
rather than static measures. It could be done by running the centrality
measures at various time snapshots. Such procedure could be used as a tool
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for monitoring design process and the urban development of a city.

Conclusions

This article took a network approach to Alexander’s findings. The focus was
to bring Alexander’s abstract theories into the urban design realm,
specifically addressing configurational issues. Since the aim was contributing
to the operationalisation of Alexander’s concepts through a network
perspective, we attempt to discuss how to improve the network approach
already suggested in the literature.

The approach adopted enhances the idea that we can address the notions of
wholeness and centres from a network perspective, as previously
suggested'® 1°. Nevertheless, we observe that a more careful selection of
descriptive systems and measuring methods should be done considering the
variety of methods available. In this paper, we attempt to identify existing
network techniques that seen to be suitable for the task established by
Alexander, beyond Jiang’s suggestion. A key point to move forward is a
deeper investigation on how to describe the urban elements, how to build
the graph, how to identify spatial differentiation and how to visualise the
results. Therefore, the current paper provided some clues for further studies
on the challenging task of operationalising Alexander’s from a network
perspective. It could be supported by spatial network analysis techniques,
GIS, and statistical packages. This kind of research is important because it
can lead to the development of a new tool for supporting urban planning and
design. However, we depend on more research addressing network
properties to urban behaviour to produce a useful tool derived from
Alexander’s theories.
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CHAPTER TWO

MEASURING URBAN RENEWAL:
A DUAL KERNEL DENSITY ESTIMATION
TO ASSESS THE INTENSITY OF BUILDING
RENOVATION®

FILIPE BRANDAO,
RICARDO MENDES CORREIA,
ALEXANDRA PAIO

Introduction

Building renovation has gained increasing relevance in the Portuguese
context (Graph 02.1), particularly in its two major cities, Porto and Lisbon,
in a context of decreasing activity of the building construction sector.! This
urban renewal process appears to be concentrated on historic city centres,
mainly of Porto and Lisbon, and their 19" century and early 20" century
expansions. It differs from traditional top-down urban renewal processes in
the sense that there has been no public or privately led large scale
expropriation or demolitions to give way to redevelopments. Instead, it is
composed of a large number of small interventions in existing structures
that maintain the existing plot morphology. These interventions mostly
comprise of the following: (1) additions to the original building volume, (2)
alterations to the plan typology or spatial distribution, and small subsets of
(3) facade refurbishment or maintenance and (4) reconstruction.
Consequently, it is mostly a bottom-up privately led urban renewal process
whose spatially asymmetric and local nature eludes traditional city level
statistical tools. Yet, it would be useful for all city stakeholders, particularly

(M This chapter was previously published in the Special Issue “Formalizing Urban
Methodologies”. Urban Sci. 2018, 2(3), 91;
https://doi.org/10.3390/urbansci2030091.

printed on 2/8/2023 10:39 AMvia . All use subject to https://ww. ebsco. coniterns-of -use



EBSCChost -

26 Chapter Two

to city planning officials, architects, or real estate agents, to assess the local
intensity of these processes, preferably at the neighbourhood scale.

Number of Permits by type per year in Lisbon

Graph 02.1
Number of Permits per type per year in Lisbon.

Understanding urban complexity and describing it are related and complex
issues. An urban planner/designer must first produce a synthesis of the city
to plan/design over that synthesis. An important step towards that kind of
approach was taken by Kevin Lynch,? with the creation of a synthesis of
spatial relationships in the city through mental maps. Those mental maps
are a group of five elements: (1) paths, (2) edges, (3) districts, (4) nodes,
and (5) landmarks. That concept, combined with the Alexander’s hierarchical
systems® or Gehl’s* idea of complexity of the urban space between
buildings, evolved to what Salingaros calls the “theory of urban web™ or to
Michael Batty’s Complexity Theory in Cities and Planning.® Batty is also
protagonist of important research in modelling the city complexity’.
Providing better ways of modelling urban phenomena at the onset of a
planning process or a project is important, it is when that information can
be more helpful for architects and urban planners. Models or statistical
methods can assist in obtaining insights over future changes in an area of
interest for a project or a plan.

Using computational tools, it is possible to generate maps that correlate city
hall databases of building permit applications with georeferenced data. In
previous work.?,using Lisbon and Toronto’s City Hall databases of planning
applications, between 2010 and 2016, and georeferenced vector information
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we focused on generating maps that lend themselves to analytical study,
developing a process of georeferencing building permit application
processing times. While these maps are useful at a neighbourhood level, at
the city scale they become harder to visualise. Also, they represent the
occurrence of renovation, but do not compare it with the underlying density
of the urban morphology. Additionally, city hall building permit databases
do not account for all renovation work, because some renovations are
exempt, and others proceed illegally.

Statistical methods, such as Kernel Density Estimation (KDE),” '° have the
capacity to overcome incomplete data, providing estimations on the
continuous density of the observed phenomenon. Its use is adequate in
informal investigation of the properties of datasets, providing information
about skewness and multimodality.'! Other advantages of these methods are
the capacity to provide readability at the city scale. Multivariate KDE has
been widely used to estimate the distribution of diverse events over bi-
dimensional space, such as disease across a country,!> to examine
associations between neighbourhood destination intensity, walking and
physical activity'® or to study the urban sprawl in China.'* With the
implementation of open data policies by city halls across major European
and American cites, this method is a convenient approach to investigate the
properties and determine their distribution on a large volume of data.'> ¢ It
is also useful in presenting analysis of complex data.!! This paper presents
preliminary research on the application of KDE to determine the intensity
of building renovation on the city of Lisbon. Intensity, in this context, is
understood as the proportion of renovated buildings over the total number
of existing buildings in an area. To estimate intensity a Dual KDE is tested.
A GIS software is used to produce reference intensity estimations using a
KDE plugin. The methodology is transposed to a parametric modelling
environment, which is more familiar amongst architects, and the results are
compared. The limitations of the Dual KDE are then discussed and
alternatives for improving the accuracy of the estimates are proposed.

Methodology
Building Renovation

The databases used in this work were provided by the Lisbon City Hall. It
is composed of georeferenced vector information, in shapefile format, and
a database with application admission, approval and issuing dates of
building permits; administrative proceeding and building permit types; a
building unique ID; and a building type amongst other types of administrative
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specific information. The building permit type is the key information that
distinguishes permit applications for new buildings from renovation
permits. Overall, there are twelve categories that can be divided into three
groups: Construction, Renovation and Others. The Renovation group
contains four categories: Alteration, Expansion or Addition, Reconstruction,
and Conservation.

The Construction group only contains new building permits, and the Others
group is comprised of administrative procedures without urbanistic relevance,
that make changes to ongoing permits or that cannot be included in the
previous groups. In this study, only the Renovation group is considered, and
all its subcategories are joined into one set.

An Alteration is a change to the existing building maintaining its volume,
but not either its structure, stairs, facades or infrastructure. All other types
of interior refurbishment, like changing the dimensions of compartments,
aren’t required to submit for a building permit. An expansion or addition is
a change of the building’s original volume and/or plan, and a Reconstruction
is demolishing the existing structure, maintaining or not the existing facade,
and rebuilding it within the same volume and plan. On the other hand,
Conservation works are those required to return the structure’s exterior
envelope to its original condition. An important limitation of this database
is that while it includes all the new construction activity in the city, the same
is not true for Renovation. Two reasons concur to this fact.

First, renovations of interior layouts, that do not change the building
structure or infrastructure, are not required to submit for building permit.
This exemption excludes all interior conservation and refurbishment work
from the city hall database.

Second, the ambiguous nature of this definition provides leeway to an
unknown number of renovation work, which would otherwise have to apply
for a building permit, to proceed without doing so. Consequently, the city
hall database is a sample of all building renovation that effectively happens
in the city, since it does not include one of its subsets, it is incomplete on
the alterations, while it likely includes all reconstructions. Yet, as a working
hypothesis, we assume this dataset to be an unbiased sample of the real
renovation work. The reasons are that building renovation is deeply
influenced by location and building age. While it is outside the scope of this
article to demonstrate these assumptions, tourism and foreign investment
are widely identified as the main drivers of the current urban renewal
phenomenon. These two drivers coincide in seeking central locations, which

printed on 2/8/2023 10:39 AMvia . All use subject to https://ww. ebsco. coniterns-of -use



EBSCChost -

Measuring Urban Renewal 29

is precisely where the buildings are older in our case study.

Kernel Density Estimation

Kernel Density Estimation (KDE) is a method of estimating the smooth
probability density function of discontinuous spatially distributed underlying
data. Compared to other methods, such as histograms or naive estimators,
the estimation it produces is not influenced by the choice of an origin and a
direction of the analysis grid. This is particularly useful in urban contexts,
as it is not necessary to impose arbitrary grids that would inevitably involve
compromises and eventually obscure patterns in the data. In two-
dimensional analysis, as in our case, it produces a three-dimensional surface
that is smooth and continuous, improving its readability and making it easier
to generate contour diagrams. Furthermore, it is a widely available method
in GIS software. The required inputs are the points where the events are
located, a choice of type of kernel function, a window or bandwidth, and the
definition of the analysis mesh. Since we are dealing with buildings, any
point that falls within or on the boundaries of the building’s polygon could
be considered. We choose to use the centroid of the polygon, as this point
can be retrieved accurately for all buildings both in GIS and the parametric
environment. There are several options for Kernel functions, being the most
common the Gaussian or normal kernel and the Epanechnikov quadratic
kernel. We selected the latter'! because it is less computationally expensive
and it evaluates to zero if the distance of the event is larger than the window.
This means that it is a more local measure than the normal kernel. For the
same reasons, we selected a window of 400m as proposed by King'3 for
walkability studies.

Figure 02.1

Visual programming script for generating a KDE from input points and a surface.
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We adapted the methodology to parametric modelling environment in the
following way (Figure 02.1). First, a mesh that encompasses the council
border is generated, the mesh subdivision determines the definition of the
resulting KDE, we used maximum size of 50m. Then a Kernel function, in
our case the Epanechnikov quadratic function with the corresponding
computational optimizations proposed by Silverman,'! is applied to every
event point in the city (renovation occurrences or existing buildings in the
city). Finally, for each vertex in the mesh a kernel density estimation is
assigned. This estimation is the result of the sum of the evaluation of the
kernel function multiplied by the inverse of the number of existing points
(i.e., all the renovation occurrences) times the kernel window squared. The
inversely proportional nature of KDE with regard to distance means that the
longer the points are apart the smaller is the estimate. A high concentration
of points results in high KDE values. For viewing purposes, the last steps
are scaling the surface Z coordinates, colouring the mesh and producing
contours every 10%. Nevertheless, one of the limitations of the application
of KDE in urban spaces is that buildings are not uniformly distributed, that
is, the city has an underlying density. Furthermore, building renovation can
only occur in existing buildings. To overcome this limitation, Dual KDE
has been used!? to compare the density of the observed events with the
density of the finite set in which these occur. In our case, the events are
building renovation and the finite set is all the existing buildings in the city.
This is achieved by dividing the KDE of building renovation by the KDE of
all buildings in the city. The resulting surface is the intensity of building
renovation in the existing urban form.

Results

The Lisbon City Hall cartographic base has a unique GIS ID (codigo SIG)
for each building used across the shapefile and the alphanumeric building
permits database. All buildings in the city, whether public or privately
owned, are referenced. This allows cross-referencing the information
distributed amongst several databases and map or reference many of the city
hall activities, such as social services rented council houses, lots to be sold
by the city hall, planning permits, building permits, etc.
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Figure 02.2
Simple KDE of building renovation in the 2010-16 period.

Although the permit database has been in use since 2003, it was not until
2009 that all the building permit types were systematically stored with
correct use of the GIS IDs. Thus, to assure data consistency, only entries
from 2010 to 2016 were considered. Within these bounds there are 13864
entries of which 7662 correspond to unique GIS ID entries. The large
majority of duplicate GIS ID entries is a result of simultaneous processes
for the same GIS ID. The reason behind this duplication is that each GIS ID
is attributed to a building and all horizontal properties within it share the
same code. When these entries are simultaneous it means a permit is
requested for two horizontal properties in the same building. Other causes
of duplicate entries in the studied timeframe are different permit
applications for the same building, either in different horizontal properties
or for the same property at different times. As it is not possible to reliably
classify the reasons for every possible duplication, and the majority of them
are simultaneous, these duplicate entries are ignored. Furthermore, only
entries that have both application and permit issue date where considered,
since only these entries effectively translate to building activity. For the
same reason, all entries whose administrative procedure was not either
“Comunicagdo Prévia” or “Licenciamento” were discarded.
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The final set contains 4790 points for the 2010—16 period. Figure 02.2 is an
example of a simple KDE that only considers Renovation events. There are
a higher concentration of renovation permits in the historic centre with two
distinct focus points, one over Baixa area and the other on Bairro Alto. From
there spreads in all directions, but particularly so towards Avenidas Novas
area. The higher concentration of renovation can partly be explained by the
city’s morphology.

Central areas have smaller plots, whereas in more recent areas the buildings
are more spaced apart. The fact that only the building polygon is being
considered aggravates the problem. A solution would be to attribute a
weight to each point based on the building area. Yet in the database we were
provided there is no information regarding the building area, or the area
where renovation effectively occurred, which can be different since there is
not horizontal property subdivision. These areas could be estimated for the
building multiplying the area of the building polygon by the number of
floors, but his can produce gross overestimations, particularly in buildings
where the first floor is larger than the remaining ones.

Another problem with using building areas to determine the intensity of
renovation is that renovation includes a wider range of levels of intervention
than building construction. This, compounded with the fact that there is no
horizontal property subdivision on the database, can lead to a different type
of overestimations.

A Dual KDE sidesteps some of the previous referred issues. By dividing the
KDE of renovation by the KDE of all existing buildings we are no longer
determining the density in an abstract space. Instead, we are comparing the
renovation permits with the existing 55385 buildings. A higher value means
that a higher proportion of buildings in a given area have been renovated,
consequently it is a relative measure of intensity.

In Figure 02.3, the results of both GIS and Parametric Dual KDE approaches
are shown. The areas of large intensity have clearly shifted. Bairro Alto is
no longer the location of higher intensity, instead this has shifted to the axis
Baixa-Chiado. Also, there is a new high intensity area (above 60%) along
Avenida da Liberdade. In fact, there is now a clear axis running along these
two high intensity areas towards the river. Also, other high intensity areas
appear in neighbourhoods, such as Parque das Nagdes, which previously
were below 10%.
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Figure 02.3

Dual KDE of building renovation in the 2010-16 period. Left: GIS; Right:
Parametric modelling.

Yet, a consequence of using a relative measure is that renovation
occurrences in very low-density areas, as for instance the Monsanto park,
can produce strong spikes. To address this issue, we filter the low 7%o of the
city density KDE before dividing it by the Renovation KDE (Figure 02.4).
Another approach suggested on the literature'" 7 is using an Adaptive KDE,
where the window width varies from one point to another. There are several
ways to achieve this: one is by calculating an initial estimate and then using
it as pattern for window width; another is to guarantee that each window
includes at least a pre-set number of occurrences. The effect of this varying
window width is that in low-density areas the kernels are flatter but wider.
In future research we will seek to implement this method.

Figure 02.4

Dual KDE of building renovation in the 2010-16 period. Left: GIS; Right:
Parametric modelling.
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Discussion

This paper presents a method of cross-referencing city hall’s alphanumerical
and spatial databases, which are frequently kept apart, and producing a
measure of intensity of renovation that can be visualized on a map. We
propose two approaches: a GIS and a visual-programming implementation.
Furthermore, the same methodology can be applied to different types of
information, such as the distribution of specific types of services, offices, or
shops.

The Dual KDE strikes a balance between analytic and synthetic representations,
without the loss of the underlying spatial information. Furthermore, this
method is capable of continuous estimations of the underlying density of a
given phenomenon based on finite random samples. Additionally, the
described method doesn’t require deep knowledge of statistics to be used.
There are sound mathematical methods in the literature to support the choice
of kernel and the window width as these depend on the sample that is being
analysed.!! Yet, it is also possible to arrive at an acceptable window width
by simple experimentation and visual feedback. If the purpose is gathering
intuition about urban trends absolute precision is not paramount, and for a
designer this is a more natural way. Furthermore, a parametric modelling
environment allows for almost real-time experimentation of settings.

Figure 02.5

Annual Dual KDE of building renovation from 2011-16 (GIS images).
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Cities are in continuous transformation, speculating on alternatives to
determine if there are areas of the city where building renovation is more
intense can enrich the patterns of social and urban analysis concerning
planning tools and urban projects, providing a useful tool for all the
stakeholders in city. The findings derived from this study would be helpful
in supporting public policy-making and urban planning at the city hall level.
The availability of datasets and the use of existing tools also provides the
opportunity for private investors, architects, or real-estate agents of
replicating these analyses in decision support.

Nonetheless, there are several limitations to this method related with the fact
that distances are being measured on a two-dimensional space. Even though
a relatively small window was used it is inevitable that some overflow will
occur when there are neighbouring low and high-density areas. Also, this
method is not appropriate for block level definition. Important avenues may
have back streets, sometimes less than 100m away, which have much less
intensity of renovation. Since we are using the centroids of building
polygons the issue can be aggravated. An alternative would be to use points
on the building border. That of course requires a sound method of
determining in every instance to which street a building belongs to. In future
research we aim to investigate a method of using the addresses registered
on the city hall database to retrieve these points. Another way of dealing
with this problem is to think of the city as a network of streets, which is, as
some researchers have suggested,'® a more accurate way of modelling the
city. There is already some research on using KDE in primal networks to
determine centrality.!® 20

To improve the accuracy of the results indirect methods of collecting more
points could be used to obtain locations of renovation works that do not
require building permits, such as the location of scaffolding permits. In any
case, the use of cartographic databases with a greater number of points does
not seem to be strictly necessary, since the calculation of KDE for annual
licensing totals with only 500 or 600 points continues to provide good
intensity indicators (Figure 02.5).
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SPATIAL ANALYSIS IN GIS ENVIRONMENT:
LOCATIONAL ATTRACTIVENESS ASSESSMENT
OF THE RETAIL TRADE®

ELIZIELE PAROLI, CLARICE MARASCHIN

Introduction

Trading is one of the most primitive and fundamental social relations in
human society. In contemporary cities, retail is a fundamental activity, from
an economic, social, or spatial point of view. The spatial structure of cities
is closely linked to the location and spatial pattern of retail establishments.
The importance of this activity is highlighted in the literature as attracting
movement, creating centralities, and adding revitalization in cities.

Retail location is a central topic in market geography. Once a distributor has
decided where to put a store, and how big to build it, he has well set at least
the range of its future profits.! According to Clarke, the location decision is
the most important one, because the retailer must live with it and handle it
continually to ensure profitability.> Many studies seek to identify the logic
of the spatial location and distribution of trade in cities. These approaches
include the gravitation models pioneered by William J. Reilly, whose work
was published in 1931. This author associated Newton’s universal law of
gravitation to what he called attraction force between two retail centres and
their potential clients. Later, David Huff improved this idea by including
the attractive potential of several establishments competing by customer
preference in his equations. Over time, studies have been seeking to explore
the importance of several attributes that hold influence over the consumer’s
choice.® Recently, classic models like Huff’s have been integrated to the

(M This chapter was previously published in the Special Issue “Formalizing Urban
Methodologies”. Urban Sci. 2018, 2(4), 105;
https://doi.org/10.3390/urbansci2040105.
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computational environment through Geographic Information Systems
(GIS), which are associated with a greater availability of georeferenced
urban data.

This paper explores a methodology for spatial analysis of retail using GIS,
and its objectives are: a) discussing the influence of different attributes in
the consumer choice among a group of retail offers and b) developing an
empirical application for the clothing retail business sector in the central
area of Santa Maria, RS, Brazil. We will emphasize urban attributes rather
than store attributes, focusing on three aspects of urban form: store
clustering, accessibility, and topographic slope. The software ArcGIS® was
used as the integrating environment for different analysis tools.

Retail Location
Factors of Retail Localisation

Numerous factors affect the performance of a retail business, which can be
classified in spatial and non-spatial factors.* The focus of the present study
lies under the spatial factors, studied by Christaller’ and Berry® who
analysed the trend of retail activities and services to cluster in the same area,
leading to different hierarchized centres. Central place theory calls attention
to an important parameter of retail location: accessibility to the consumers.
In general terms, accessibility may be taken as an indicator of local
development, associated to the land value, the occupation, the competition,
the specialization, and the concentration’. The importance of accessibility
in retail location is highlighted by Ikuno, that values this attribute by its
convenience®, and by Dawson’, who moreover, classifies it as being
probably the more important attribute in the consumer choice, when
associated with the quality of service and competition.

One aspect related to location is store spatial agglomeration. Several studies
point out the importance of retail concentration as a factor of attraction for
consumers and a strategy to minimize the negative effects of the competition.
Konishi attributes the success of concentrated retail centres to: a)
uncertainty of the client preference, where store clustering outweighs the
uncertainty associated with consumer search, and b) the expectation of low
prices, where a high concentration of stores would suggest lower prices.'
The agglomeration of different types and sizes of stores seems to influence
positively the consumers choice.'! Urban configurational studies'> '3 '* have
sought to analyse the spatial differentiation present in the street networks,
identifying the relationship between the location of retail activities and some
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features of the urban street grid (connectivity, accessibility, centrality). Such
studies have allowed a more detailed analysis of the urban space,
overcoming aggregated locational analysis, based on zones and distances.
Hillier considers that living centralities always have distinctive spatial
components, both on the global scale (high accessibility) and local scale
(high connectivity to the neighbours).!”> Van Nes suggests that a high
connectivity and density of the streets are important conditions to the
vitality of retail centres.'® Porta et al. find positive correlation between the
distribution of retail activities and some measures of centrality.!* Some
other features of urban form are more related to retail micro-localization, as
the existence of land with suitable dimensions, good visibility, and flatter
topography.

Analysing Retail Location Through Models

As we already mentioned, one of the pioneers in applying gravitational
approaches to retail studies was Willian Reilly. For the author, given two
cities that have a trade relationship with an intermediate city, the strength of
this relationship will be proportional to the population of these two cities,
and inversely proportional to the square of their distance to the intermediate
city.!” Despite its simplistic nature, Reilly’s theory became the basis for
important studies of shopping centres, sales forecasting, market area
estimation, and so on’. In addition, a family of models derived from Reilly’s
approach, associated to the areas of psychology, sociology, and human
behaviour, were developed, all in search of the understanding of the
preference of the consumer for a certain commercial centre.'®

Huff departs from Reilly’s work proposing an alternative model, where the
focus is the consumer rather than the firm'’. He develops a probabilistic
model of retail, considering the choices between alternative centres by
consumer sets and determining probability surfaces associated with each
centre. For the author, consumers choose between competing centres based
on their “utility”, which in the model is defined as a relationship between
attraction factors (size of centre, e.g.) and constraint factors (travel time). In
other words, each centre has a probability of being chosen, which is directly
proportional to the size of the centre, inversely proportional to the distance
that separates the consumer from the centre, this equation being inversely
related to the relative utilities of all other competing centres. In this sense,
market areas could not be conceived of as dividing into specific points
(breaking points), but as overlapping and merging areas in a more realistic
way. According to the model, the probability (P;) of a consumer located in
the zone of origin i buy in centre j is calculated according to the formula:

printed on 2/8/2023 10:39 AMvia . All use subject to https://ww. ebsco. coniterns-of -use



EBSCChost -

42 Chapter Three

A
I
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Where:

A, is a measure of the attractiveness of the center j, e.g. constructed area.
D, is a distance or time to travel between i and j.

1s a parameter of attractiveness.
B is a distance constraint parameter.

1s the total number of centers. ncluding centerj.

One of the main advantages of gravitational approaches is its empirical
character. Huff states that few analysts, except for “gravitationalists”, were
able to formulate their ideas in a way conducive to empirical verification.
In the next item, the methodology for the empirical application of this work
is presented.

Methods

Geographic Information Systems (GIS) are on the rise for its ability to cross
data from different sources and reveal underlying spatial patterns. Fast and
low-cost computers associated with the growing availability of urban data
and information allow the application of more detailed gravitational models,
exploring the GIS functionalities to operate with data in different
geographic scales?. Indeed, the advances in technology lead to an increase
of functionalities that GIS can now perform, which allow new approaches
in urban studies.?' This paper proposes an application of the Huff model
included in the ArcGIS® 10.3.1 package (ArcGIS Market Analysis Tools)
aiming to discuss the influence of different attributes in the consumer choice
among a collection of retail offers. As previously stated, we will focus on
urban attributes rather than store attributes. We do not intend to minimize
the great relevance of store attributes (store size, parking spaces, variety of
goods, etc.) in consumer choice but to emphasize the urban form attributes
of the location. To do this, we will take the hypothesis that all stores have a
uniform retail profile.
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To run the empirical application, we selected three main features of urban
form related to retail location and defined their respective attributes. The
selected features are agglomeration pattern of the stores (level of spatial
concentration), accessibility (topological accessibility) and, as an
environmental feature, the slope of the terrain. We take these parameters as
measures of attractiveness in Huff model to estimate the patronage
probabilities of each store (location) and then summarize how total
population would be shared between stores. The Huff model calculates this
market share by applying probabilities to the population data for all origins.

The study area is downtown Santa Maria, Brazil (Figure 03.1). The region
concentrates the most important commercial streets since 1885, which was
when a railway was built in its vicinity, giving it the title of “railway city”,
as well as strengthening retail and local services. Thus, from its point of
origin, an area of influence of 650m radius was established for analysis,
according to Figure 03.1.

« Clothing stores
-~ Street Network
D Study area
4 Urban area
' Municipal boundary

Figure 03.1
Location map of the study area.

We selected the clothing retail business sector because it represents a large
amount of retail stores in downtown area and the stores are quite similar in
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this region (size about 100-200m?, single owner, few retail chains, and most
of them without parking spaces). A total of 143 stores were identified
through a field survey during the month of May 2016 and data were checked
with Google Earth Pro® images.

The level of spatial concentration of stores was estimated through the
Kernel density: a method that creates a continuous field through discrete
objects to analyse data concentration.”> We organize the output in 5 classes.

The terrain slope in degrees was processed in a Digital Elevation Model
(SRTM) made available by NASA with a spatial resolution of 30m.

To measure street accessibility, the first step was to create a spatial
representation of downtown Santa Maria street grid. The study area was
vectorized with the help of ArcGIS® Open Street Maps to generate the
network. We use “street segments”—the geographic space located between
two corners due to its high level of detail considering the unequal
distribution of retail shops along the streets. This spatial basis contains 245
street segments and is entered as input to calculate topological accessibility
in the software UrbanMetrics®.

Accessibility is a measure of relative distance (topological) from each space
to all others in the same spatial system.?>2* Table 03.1 summarizes the study
methodology.

Urban form

Attribute Input Output Data intervals Classes
aspects
0-5.4901 1
I,cw;}'r;i Location of Kemnel density 5.4901 - 18.0391 2
Store clustering Spatia the stores - Lmr..u. cnsily 18.0391 - 37.2548 3
clustering —point ile 0 37.2548-65.0079 4
of stores 2 - R
63.0979 - 99.9998 3
36.3214 - 43.0222 1
Topological Street network Configurational 13.0222-47.4109 :
Accessibility P O o fle model of 47.4109-50.4204 3
CossDULY ~POVIMERNE  accessibility  50.4204-53.1654 4
53.1654 - 57.4317 5
- 0-2.5751 5
Digital . )
Environmental Terrain Elevation Slope (degree) of i’?ﬁf{ 46‘:::::); ‘,i
aspect slope Model - the study area 6 6458 g ‘285I 2
SKIM 82851-14275 1

Table 03.1

Input variables and methodology.
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The ArcGIS software was the integrating environment for the different tools
and data, and for the application of the Huff model. To run the Huff model,
we take data on the total population by census tracts (centroids) as origins
and all the 143 stores as destinations. The urban area of the municipality
was included in the study. The distances are Euclidean, and the exponent
used was 2. We performed four separated runs of the model; each run was
loaded with one of the three attractive factors and, in the last run, all
parameters were considered together. The model was able to estimate the
population share for each store (location) by considering each selected
attractiveness factor.

Results

Pattern of Stores Clustering

The map shown in Figure 03.2 reveals the strong concentration of clothing
stores in perpendicular streets to Rio Branco Avenue, the great commercial
centre of Santa Maria’s “Railway City Era”. In addition, there is a tendency
for these stores to settle along the continuation of Rio Branco Avenue. The
strong presence of empty areas also helps to demarcate the centre of the city
as the heart of this activity.

e Store Clustering
//‘ % . \ Santa Maria Downtown
RS - Brazil
N
= Stores

~ Street network
7+ Rio Branco Avenue
Store clustering

—— ]
& o
2*0 500 meters

Figure 03.2

Kernel density map of clothing stores in the study area.
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Accessibility

The calculated accessibility (Figure 03.3) indicates a strong correlation
between the most accessible paths of the area of study and the retail
locations. Out of all the stores, 40% are located on the most accessible routes
in the system and, if we consider the two more accessible classes (red and
orange colours in the map), this number rises to 72.73%.

Topological Accessibility
Santa Maria Downtown
RS - Brazil

N

\ A

‘/ = Stores
/ Accessibility

s B
N 1
\ g
~ -
T \ 0 250 500 meters
e, ¥ i Wy

Figure 03.3

Topological accessibility.

Terrain Slope

Finally, the terrain slope analysis (Figure 03.4) demonstrates the preference
of stores to allocate streets with a lower degree of slope. This is possibly to
facilitate pedestrian access since this flow is intense in the region and is
facilitated by the presence of two of the largest bus stops in town. With these
results in hand, we set out to apply the Huff model.
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Terrain Slope
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Figure 03.4

Terrain slope (source: authors based in STRM image).

The Huff Model

We used the centroid of the census tracks as origins for the Huff model, with
total population data. Figure 03.5 is a map of population by census track for
elucidation reasons.

2 g Population 2010
‘?:, Census Tract Level

y =

4
i 0-338

a7 338-677

o 677-957

i 057 1,404
9 2 i 7 OO Study arca i 1,404 - 2,232

Figure 03.5

Population 2010, census tract level (source: authors based in IBGE data).
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The figure shows a high concentration of people in the southern and eastern
regions of the city. Also, a tendency to concentrate around the central area
of the city is noted.

A visualization of the Huff model is shown in Figure 03.6. The images show
the patronage probability surface (a grid) that was created for a selected
store. In order to simplify the visualization, we show this probability surface
for store 24 when competing with two other establishments: first by
considering each attracting variable at the time, and then simultaneously.

Probability of Cholee for Store (24) X Probability of Cholee for Store (24)
‘ Attracting varisble: Store Clustering ‘ Attracting variable: Topological Accessibility

Probability of Choice for Store (24) % Probability of Cholce for Store (24)
‘ Attracting variahle: Terrain Slope ‘ Attracting variables: Clustering,
Accessibility and Terrain Slope

= Competing stores "
y = Competing stores

o Shore (3} L

*  Siore

Choice pr

c B

Figure 03.6

Map of customer patronage probabilities for store 24 (source: authors based on the
Huff model; ArcGIS® Market Analysis Tools).

Although at the first glance the images look quite similar, we can begin to
observe some peculiarities; for example, in this case, Store 24 seems to have
more probability of choice when it only considered the variable terrain
slope, and less when only considering topological accessibility. This
example illustrates how the analysis can be different when looking at
various parameters. Now, imagine how it different the images would look
like with all the 143 stores compared collectively. This is the reason why
we decided to illustrate the methodology with just a few stores competing

printed on 2/8/2023 10:39 AMvia . All use subject to https://ww. ebsco. coniterns-of -use



EBSCChost -

Spatial Analysis in GIS Environment 49

with each other. Table 03.2 summarizes the probable population share to
each store as estimated by Huff model an based on the sum of probabilities
for all origins. For simplification purposes, we are only illustrating the ten
best ranked stores.

Store clustering Topalogical accessibility Terrain slope ] Variables in conjunction
Stores Attracted population | Stores Attracted population | Stores Attracted lation Stores Attracted population
Store (19) 2555 Store (115) 2442 Store (82) 2,996 Store (79 231
Store (21) 250 Store (60) 243 Store (41) 2,674 Store (52) 231
Store (76) 1543 Store (78) 2359 Store (16) 2597 Store (123) 2378
Store (79) 2539 Store (133) 2342 Store (0) 2512 Store (91) 2,368
Store (32) 2,538 Store (127) 2313 Store (51) 2,505 Store (97) 2,367
Store (53) 2536 Store (80) Store (80) 2,488 Store (80) 2317
Store (123) 2535 Store (6) Store (96) 288 Store (6) 2305
Store (3) 21534 Store (59 Store (32) 288 Store (61) 2299
Store (33) 2527 Store (28) Store (6) 2475 Store (76) 2226
Store (91) 2,55 Store (61) Store (59) 2475 Store (53) [ 2220
Sum 53719 23276 25,658 21,02
Table 03.2

Estimated population share for top 10 stores, according to selected attraction
parameters (first line) (source: authors based in Huff model; ArcGIS® Market
Analysis Tools).

Here, we observe that the terrain slope variable, when considered alone, has
a greater population share than the other variables, even when we consider
all the variables together. In other words, it suggests that, in this particular
case, stores located in flatter areas have a better performance in population
attraction. The difference of the population shares of the most auspicious
store when only considering the terrain slope and topological accessibility
comes to 22.69%; when compared to store clustering comes to 17.26%; and
to all the variables in conjunction, it comes to 25.81%, thereby reinforcing
the preference for plain localities.

As expected, the analysis of the top 10 stores when we consider all the
variables together shows only stores that computed a maximum value for
each variable separately. This rank shows that 10 stores appear repeatedly
in different columns, wherein stores 6 and 8 are the most remarkable of the
set. This frame can help us to identify which factors are the most important
for a consumer when choosing between establishments.
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Probable attracted Measures of Central Tendency Measures of Dispersion
population considering Mean Mode Median Standard deviation  Coeflicient of variation  Range
Store clustering 1.762.287 #N/D 1998 479 . 568,974 0,323 2,034.770
Topological accessibility 1,762.287 #NMD 1812856 498359 0,283 1.982.336
Terrain slope 1.762.287 #N/D 1862684 537.752 0.305 2,526,009
Variables in conjunction 1.762.287 #ND 1,825,001 354065 0.201 1,399,370

Table 03.3
Values of central tendency and dispersion measures.

Lastly, we describe the statistics analysis for the dataset of all the 143 stores
(Table 03.3). Since this table was generated for each origin point (census
tract centroid; total population data), it makes sense that the mean of each
dataset is the same, since it is the mean of the total population. A few
remarks: no dataset had repeated values (mode), which underlies the
heterogeneity of the attracted population by each variable analysed. Also,
on average, store clustering alone is responsible for attracting the most
people, and topological accessibility the least. However, the measures of
dispersion reveal that store clustering is the variable for the greatest
dispersion from the mean-standard deviation and the coefficient of
variation, which suggests a higher degree of variability among the data. As
expected, when analysing all three variables together, the data variability
tends to decrease.

Discussion and Conclusions

In this paper, we explored the Huff model to discuss the urban form
attributes of store locations. Through the literature review, we selected three
attributes of the retail location by trying to identify differences in their
consumer attraction potential. The separate runs of the Huff model allowed
us to notice the relative uniform performance of all three attributes.
However, in this specific case, the terrain slope was revealed to be a stronger
attractor than the other ones. These results are supported by studies showing
that streets with a high slope tend to discourage pedestrians,? 2 and, in
general, they are not favourable for retail location. The attribute of
topological accessibility proved to be relevant, and it can be considered as
a complement of the traditional measure of distance in Huff’s model. This
reinforces the role of distance in store choice.

The results also show that there are some stores whose locations perform
better than others, such as stores 80, 59, and 6, which are present in two of
our three rankings. But no store achieved top 10 in all three attributes, which
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points to the complexity of urban form and the difficulty for retailers to find
a location that meets all the recommended urban attributes.

One of the most interesting facts about the GIS application of the Huff
model is its ability to easily generate different scenarios to test and discuss
selected parameters of consumer attraction. This application differs from
the traditional use of the model, in which the attractiveness variable
generally refers to the store itself and the urban attributes appear as distance.
We opted for this approach in order to study the influence of urban criteria
in consumer choice. Further studies could consider both approaches in order
to maximize the truthfulness of the model. The application allowed us to
build different scenarios of consumer patronage and discuss the
performance of the selected urban form parameters. We could also analyse
these parameters individually and collectively to give the model more
realism.

In order to perform the application, some simplifications were adopted. We
did not explore the calibration of the variables and the adjustment of the
model since no empirical research on consumer patronage was available.
We must say that the variables used in this work were adequate, but they do
not come close to describing the complexity of the problem. Future studies
can enrich the methodology with the addition of other variables described
in the literature as “influencers of areas of attraction”, with a focus on the
store rather than on the urban attributes, such as the buildings and the
number of employees.

The urban planner’s task when managing the relationship between retail and
urban spaces is quite complex. Studies of the kind presented here can
contribute to a better understanding of that relationship, as well as exhibit
the advantages of using GIS.
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URBAN SEGREGATION AND SOCIO-SPATIAL
INTERACTIONS:
A CONFIGURATIONAL APPROACH®

ANA LUISA MAFFINI, CLARICE MARASCHIN

Introduction

Segregation is an inherent feature of cities and it has been the focus of
interest in different scientific fields. It can be based on ethnic, racial,
economical, religious, gender, among other reasons. Freeman' defines
segregation as restriction of interaction involving or not the physical space.
In architecture and urban planning studies, urban segregation is commonly
approached as separation.> * Segregation is the separation of people,
activities and functions* and it can hardly be approached without its spatial
aspect. Villaga® defines urban segregation as any form of exclusion that
manifests itself in a spatial manner in the city.

Historically, urban segregation studies analyse the locational patterns of
housing, without taking into consideration the other patterns where it can be
manifested, such as the separation of activities and functions. In more recent
decades, the advance in technology allowed for new ways to study the city.
The increase in computational capacities, the development in the field of
Geographical Information Systems (GIS), among others, are crucial to the
study of cities, which allowed for new and innovative ways to study
segregation and its implications®. These morphological configurational
approaches enable a description of segregation taking into account the
relationship between people and activities in space. The shift in focus of the
segregation problem, from purely residential to a broader problem, which

(M This chapter was previously published in the Special Issue “Formalizing Urban
Methodologies”. Urban Sci. 2018, 2(3), 55;
https://doi.org/10.3390/urbansci2030055.
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encompasses the daily routines of individuals and their movement in the
public spaces, is a welcome change. The way we interact with individuals
from different social groups shapes our perception of the others, creating
the capability for us to feel solidarity for them or not. In the words of Sibley’
(p.116), “space is an integral part of the outsider problem. The way in which
space is organised affects the perception of the ‘other’, either as a foreign
and threatening, or as simply different”.

The present paper intends to analyse segregation from a shift in emphasis
from traditional territorial and housing segregation to segregation as a
restraint of socio-spatial interactions, thus including other facets of the
phenomenon of segregation that have not yet been explored and seeking
new forms of evaluating and measuring this segregation in a spatially more
relevant way. The paper aim is to: a) present a methodology of analysis of
segregation based on configurational models, and b) develop an empirical
application in a small Brazilian city, Ibiruba. The paper opens with a review
of main urban segregation studies and how they are approached and goes on
to the urban spatial configurational studies. The following chapters will
explain the proposed configurational methodology, its measures, the
process of modelling, and initial results and discussion. The paper ends with
an analysis of the potential for the methodology and its limitations.

Segregation and Urban Spatial Configuration

In Latin America the attributes that characterised segregation are mainly
socioeconomic, and, despite being the largest economy in Latin America,
Brazil ranks among the highest indicators of income inequality in the
world.® ? According to the 2010 PNUD report, Brazil is the tenth more
unequal country in the world and the first in income concentration among
the richest 1% of the population. These inequalities have a strong
implication in the spatial configuration of cities.

The study of urban segregation has many facets, but two approaches stand
out in the scientific field, the sociological and the geographical one.'” The
sociological approach considers segregation as the absence of interaction
between individuals of different social groups. The geographical approach
considers segregation as the unequal distribution of social groups in the
urban space. These two approaches tend to be used apart from one another,
and among them the geographical approach is the one that is most
commonly used.
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Most existing studies of urban segregation have their main focus on
residential locations. The spatial aspect of urban segregation is usually
assumed as the uneven locational housing patterns. There are many
examples on this type of study, one of the most known is the study of the
city of Chicago with its concentric rings'!. These approaches of residential
segregation are the main approach for urban segregation in the undeveloped
cities of Latin America. However, the spatial patterns in these cities are
different than those from North America and Europe. In Brazil, the urban
segregation was first characterised by its unequal housing standards.
Around 1940, with the growth of urban population and the movement of
people from rural to urban areas, the city emphasised its segregation
patterns, with the rich population living in the downtown area and the poor
in its periphery. In more recent years the pattern changed. The spatial
distance between the different groups shrunk, the rich started moving
towards a more suburban area (although not the same suburb as in North
America), and the new urban pattern is of “enclaves”. The enclaves create
a new form of segregation, where people are closer, but separated by
physical barriers, and security control systems.'> 13

In an attempt to fight social inequality some governmental policies were
implemented in the country. In the urban segregation field, the main policy
is residential, to provide more dignified houses for the poorest groups. The
reduction in the inequality indexes did not accompany the increase access
to housing in the same speed. There are many reasons for this not to happen
(which will not be addressed in this paper), but among them is the spatial
issue of urban segregation.!> 413

With the relative physical approximation between different social groups
(Vaughan, 2011), segregation as purely housing locational patterns is no
longer capable of explaining the hole reality of urban segregation. This
context reinforces the idea of urban segregation as the absence of
interactions in space, or as the exclusion to opportunities of access to
activities and services in the cities.® ! 1% 17 Feitosa and Lisboa'® studied
segregation as spaces of activities, analysing the indexes of evenness/
clustering and exposure/isolation.

Cities are not only for living but also for other activities of which some make
an impression in public space, such as working, travelling, walking,
shopping, socialising, and recreational activities* (p.2). When we comprehend
that individuals move around the city, we start to analyse urban segregation
by the individuals’ relations and interaction with one another and with space
itself.
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Configurational theory'> ?° has contributed to urban segregation studies.
The spatial configurational studies of segregation do not replace the others
approaches, but they arise to broaden the understanding of the segregation
phenomena. These studies try to describe how the interactions between
different social groups can happen in the city. Usually, this interaction is
measured by the levels of co-presence in the city. When individuals of
different social groups can see one another, even if they do not directly
interact, they can develop empathy for each other, which is an important
step in fighting social inequality.?">® 22

Among the recent research into urban segregation are the studies of co-
presence based on the number of individuals from different social groups
that pass by the same location. These studies consider the daily routines of
individuals and try to identify the importance of the spatial configuration of
cities by comparing it with some Spatial Syntax measures, such as
accessibility and betweenness.?! These properties measure the physical and
spatial attributes of cities.

Netto?? presents the study of segregation with a focus in the possibility of
encounters between different individuals. He uses big data from social
media to identify the movement of individuals and then, using spatial
configuration, measures the possibility for these encounters.

Urban configurational models are simplified representations of reality,
which implies a certain level of abstraction.?* 2* Configurational models
assume the city presents a hierarchical pattern of spatial differentiation
(configuration) influencing another aspects, as pedestrian movement and
land uses. Such models apply methodologies of disaggregating the city into
components (basic units of space, spatial attributes) and their relationships
(topological descriptions, adjacencies, centrality). Graph theory provides
the analytical basis for the calculation of different measures and properties
of the urban network. The models assume the shortest path hypothesis, i.e.,
the connections between cells of the network will always be made by the
shortest paths. Thus, any city would exhibit a spatial differentiation, i.e., a
hierarchy in which some cells (spaces) are distinguished by their relative
position and/or the number of connections with others.?’

Based on the pre-existing configurational studies of cities, the present paper
aims to develop a methodology that evaluates urban segregation by
measuring the possibilities of encounters between individuals from different
social backgrounds in public spaces. This paper focuses on the daily
routines from residences to retail places.
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To measure the possibilities for co-presence, we identify the most likely
routes individuals would take from their houses to retail places through the
model of Centrality. According to Freeman?, centrality is the property of a
cell being along the path that connects two other cells, and their hierarchy
is given by the total number of times this one cell appears in the paths
connecting all pairs of cells of a system. Krafta® proposes a weighted
Betweenness Centrality (Freeman-Krafta Centrality), introducing the
notions of tension and distance: the tension reflects the relationship between
two points expressed by the product of its contents (attributes); the distance
refers to the extension of the shortest path between each pair of points, and
this increases as the centrality of each cell interposed in the path decreases.
The Freeman-Krafta Centrality is expressed by the equation:

ajaj
P

i@ t;(K) = C(K)=X"; ti;(K)

iy

Where t;; is the tension between two units (i and j) of space, ai and aj are the
amount of built form respectively in i and j, computed with their respective
attributes t;;(K) and the piece of tension between i and j attributed to K,
where K is a unity of space belonging to the shortest path between i and j, p
is the number of unities of space belonging to those shortest paths. Finally,
C(K) is the centrality measure of K, given after the computation of all
possible pairs of the system. The model allows computing the tension
generated between activities system, working as an indicator of the social
flow of individuals moving through the spatial system to perform these
activities.?

In this paper, we develop a first application focusing on the relationship
between residences and retail locations. The model also allows differentiating
space attributes such as the level of retail attraction (example, shopping
centres can be modelled as more attractive than a grocery store). The same
principle can be used to classify residences by density or income, for
example.

Methodology

This paper presents a methodology of analysing segregation based on
configurational models. We use a Centrality model to represent the
probabilities of interaction between individuals from different socio-
economic strata in the city of Ibiruba, Brazil. We build two scenarios,
regarding high- and low-income resident’s flows to retail shops. Comparing
these two scenarios allow us to identify spaces with higher and lower

printed on 2/8/2023 10:39 AMvia . All use subject to https://ww. ebsco. coniterns-of -use



EBSCChost -

60 Chapter Four

potentials of interactions in the city, providing a first measure of segregation.
This methodology requires the city to be represented as a network, defining
the discrete units of urban space to be used, according to the study
objectives. We use “street segments”, the geographic space located between
two corners. The choice of this spatial unit is due to its high level of detail
considering the very unequal distribution of retail shops along the streets.

A street map provided by IBGE (Brazilian Institute of Geography and
Statistics) was updated using Open Street Map (ArcGIS r.10.1), to generate
the network of segments. This spatial basis contains 711 street segments
(Figure 04.1).

IBIRUBA-RS ’NX

w2 sle ;b 3 36 |

s 49 48 4 a6 s
Detail spatial base, street segment
representation.

= Street Segment

—:—:(m
Figure 04.1

Spatial representation of the city of Ibiruba by street segments (left) and detail (right)
(source: authors based in Open Street Maps).

As the spatial basis is finalised, the empirical data to compose the attributes
must be collected and organised for each street segment. Data on residents
correspond to the amount of population in each street segment of the city.
This data was obtained through the 2010 IBGE Census referring to the
number of residents per census tract. IBGE also provides the digital network
of these sectors in the shapefile format, which was imported into the same
GIS environment. Total population of each census tract was equally
distributed between the street segments included in its area. Residents were
also distinguished by income strata. We estimated an average household
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income for each census tract by dividing the total income by the number of
dwellings in each census tract. Then we classify the results in three
categories (in minimum wages): a) low (up to 3.5mw); b) medium (from 3.5
to 6.0mw) and c) high (above 6.0mw). We will compare only high- and low-
income strata. Data on retail establishments were obtained through field
research in June 2017. All the 352 retail shops had their address recorded
and were spatially located in each street segment. After this preparation,
data relating to the attributes of population and retail activities were
organised into tables in the GIS environment (.xml format) and imported to
the software Medidas*’ to perform the configurational analysis. This
software allows linking a database to the spatial basis, enabling the insertion
of loads into the spatial units to represent the spaces different attributes.
Thus, the amount of retail establishments and residents in each street
segment is calculated as loads.

In this paper we considered all the retail establishments with the same
attractiveness (weight 1.0 in the model), regardless of their size.

The residential locations were considered by their income group (low,
medium, high) and, based on their locations, received weight 1.0 in the
model. For the calculation of the distances, we used the geometric distance
between each pair of street segments.

The results obtained by applying centrality model were re-introduced into
the GIS platform, and the relationship between the spatial system and the
socioeconomic data were analysed and evaluated.

Two basic scenarios (thematic maps) were produced, which are presented
in the next section.

Results
Empirical Study

The municipality of Ibiruba is located in the south of Brazil. It has three
main districts and a population of approximately 20000 inhabitants. Figure
04.2 shows the location of the city.

The city’s economy is based on agriculture and agribusiness. In Figure 04.3
we can see the distribution of income in the housing locations. There is a
large concentration of the high-income strata in and around the downtown
area and in the southeast side.
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Figure 04.2
Ibiruba location.
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Figure 04.3
Ibiruba by its income strata (source: authors based in IBGE, 2010).
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The retail sector is constituted mainly of small family-owned shops and
some larger shops, such as supermarkets and furniture stores. Figure 04.4
locates the retail establishments, and we can notice a concentration in the
downtown area and in two main avenues (N-S and E-W).

IBIRUBA-RS ’x

@ Retail Places

I E— T

Figure 04.4
Location of the retail establishments.

The weighted centrality results for the high-income strata showed a strong
concentration in the central commercial area and its adjacencies, but it also
showed that this income group probably does not move in the more
peripheral area of the city when going to the retail establishments. Figure
04.5 shows the map with the results, which were classified in 4 categories
by natural breaks. When analysing the weighted centrality results for the
low-income strata in relation to retail establishments, it was possible to see
a change in the results. Figure 04.6 shows that, although the central
commercial area is also important, we can see that some peripheral
segments gain importance, and the segments of the neighbourhoods were
the high-income group lives start losing importance in the results. The
results were also classified by natural breaks in 4 categories.

printed on 2/8/2023 10:39 AMvia . All use subject to https://ww. ebsco. coniterns-of -use



EBSCChost -

64

Chapter Four

Weighted Centrality

High Income Strata to Retail

Weighted Centrality
21393.86 - 44553887
44553887 - 119570625

— 1195706.25 - 2672248.75

— 2572248.75 - 6029680.00

Figure 04.5

Weighted Centrality for high income strata.

Weighted C I

Low Income Strata to Retail

Weighted Centrality
19657.69 - 475402.96
47540296 - 1209148.12

w— 120914812 - 2411007.25

741100725 - 5619615.50

Figure 04.6

Weighted centrality for low-income strata.
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Discussion

For the comparison of results, we chose a bivariate map analysis. The results
of the weighted centrality for high income were transformed into three
groups (1, 2, 3) and the results for the low-income group were also
transformed into 3 groups (A, B, C). Figure 04.7 explains how they relate
to one another. For this paper we were interest in the results in the 1A, 1C
and 3A categories, for they would demonstrate the street segments where it
would be most likely to happen an encounter (1A), and so, show us the least
segregated area; and the street segments were encounter was least likely to
happen (1C, 3A), or the most segregated areas in the city. Figure 04.8 shows
the map with the comparison results.

The comparison showed that there were no segments in the 1C and 3A
categories, which lead to the conclusion that the city is not segregated when
analysing the probable interaction residences-retail establishments. The
results also showed us that the highest centrality values for both groups (1A)
occur in segments located in downtown area, which indicates that people
from different income groups probably encounter one another when going
to retail establishments in Ibiruba.

A A
1A 1B 1C 1A 1B 1C ety
2A 2B 2C |vue 2A 2B 2C |vme

3A 3B 3C 3A 3B 3C

Higher Value Higher Value

Figure 04.7

Division for analysis.
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Weighted Centrality ’\

Comparison of results

Weighted Centrality

1A 0 05 1 15
Downtown

Figure 04.8

Street segments with highest centrality simultaneously for both income groups in the
relationship residences-retail.

We must take into account that we are dealing with a small city, which
exhibits short walkable distances. Retail establishments tend to choose their
location in order to obtain maximum accessibility for the whole population,
in this case, downtown area. Although Ibiruba demonstrates some preferential
regions for higher income groups, the city still does not show a residential
segmentation. Our results show that both income strata seem to share the
same spaces when moving to shopping. According to the retail location
literature, store owners are expected to locate at points of maximal
accessibility to their demand; leading to spatial arrangements such as poles,
corridors and specialised areas®. As a small city, Ibirub4 retail agglomerations
locate at downtown area and also along some main corridors (main avenues
connecting the city to the surrounding region). In this way, general urban
form of Ibiruba could be characterised as an initial stage in the urban
growing process, a compact city around downtown. As the city grows,
increasing distances make it viable to offer services farther from downtown.
In this process, land prices and accessibility tend to influence the selection
of the type of activities and users who can afford specific areas of the city.
High and middle classes will make their residential location choice based
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on some criteria such as distance to downtown, environmental qualities, etc.
Low-income families will have little choice in this scenario, living in poorly
infrastructured areas. Although our paper did not identify this segregation
in Ibiruba at present, we may expect it as a trend, as the income segregation
on land access is a feature of Brazilian cities.

Conclusions

With this paper we aimed to demonstrate how a configurational
methodology could be used for identifying and analysing urban segregation.
The case of Ibiruba showed us that, in this particular small city in Brazil,
there is no segregation when it comes to where people move to shop. This
methodology allows the comparison of spatial factors and social attributes,
and it could be used to study and compare different scenarios created by
different attributes, such as shopping, working, studying, etc. However,
modelling implies simplifications. In this paper we considered all retail
establishments to be equal, regardless of their size; also, we accounted all
the population as the origin of movement, without separating those who are
leaving the house for shopping from those who are staying at home. There
is also the case of how people move. Individuals from the high-income strata
tend to move using their automobile vehicles, while the low-income strata
tend to walk or use the public transport system. All these differences were
not accounted in this paper, but the methodology allows for all these
distinctions, all the researcher need is the data.
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CHAPTER FIVE

DESIGN STRATEGIES AND SEXISM
IN DOMESTIC SPACES:
A CRITICAL ANALYSIS OF THREE MODERNIST
SOCIAL HOUSING ICONS

LARISSA GOMES, ANA LUISA ROLIM

Introduction

Men have always had places of authority, privacy, and leisure inside the
house, while women, besides not having a space of their own, are always
linked to service rooms."? Analysing humanity, even in older societies,
domestic spaces have quite often reflected the condition of subordination of
women to men by reinforcing gender stereotypes and perpetuating
traditional family values.

If patriarchy characterises our society and housing collectively reflects this
society, what is the influence of architecture in the sexist construction of
housing? To fight the notion of unpaid work at home as a key mechanism
of women’s oppression, new strategies for the design of domestic spaces
were developed in the twentieth century. Collective spaces, such as kitchens
and laundries, emerged to dissociate women from household activities. In
this context, three social housing projects, which are the focus of this paper,
featuring collective laundries, communal kitchens, gymnasiums, and
common living spaces are noteworthy: Narkomfin, in Russia, the Mendes
de Moraes complex, known as Pedregulho, and the Unité d’Habitacion in
Marseille.

To approach such cases, we begin by looking at previous reference studies
on houses designed by renowned architects,> > highlighting the genotype
definition of this sample, with a focus on service spaces. Next, we present a
socioeconomic and political panorama of the referred housing complexes.
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Following we discuss the spatial relationship of service spaces in the three
cases through axial, convex and visibility maps, as well as justified graphs
and isovists. Finally, we define the genotypes detected in the housing
complexes and reach some conclusions.

Genotypes of Domestic Spaces Based on Previous Studies

The relationship between social constructions and the spatial configuration
of dwellings is investigated in four influential cases: House at Pregassona
by Mario Botta—1979, Giovannitti House by Richard Meier—1967,
Diamond House ‘A’ by John Hejduk—1962 and the Muller House, by
Adolf Loos—1929 (Figure 05.1)°. All four projects present similarities,
which allowed the analysis on the “relationship between concepts of design
composition and configuration of architectural space in the domestic

interior’.

L Hg 7”| #-

Marlo Bora's house - 1979

s R

[P —— - S ra- e A - [Ye—

John Hejduk's house - 1962 Adelf Loos" houss - 1979

Figure 05.1

Syntactic analysis of four houses® (edited by author).
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Domingues’ house - 1963 Campelo’s house - 1967

Figure 05.2
Syntactic analysis of modern houses' (edited by author).

The spatial relationship between the sectors of modernist housing in
Pernambuco and the morphology of domestic spaces was analysed.! In the
present work, we will examine the houses of four architects studied by the
author: Augusto Reynaldo (1954), Acacio Gil Borsoi (1955), Marcos
Domingues (1963), and Glauco Campelo (1967) (Figure 05.2).
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In Search of a Genotype

Genotype can be defined “in terms of relational and configurational
consistencies which show themselves under different phenotypical
arrangements”.® The analysis of rank order of space integration (Table 05.1)
revealed that in Brazilian households, the maid’s bedroom is the most
segregated environment of the system and the living and dining rooms
alternate as the most integrated space. Only 25% of the entire sample has
the kitchen as the most integrated space of the system. These data reinforce
the separation of employees and women—who at the time did not represent
a high percentage of Brazil’s formal workforce—from other spaces in the

house.
Rank order of space Rank Order of Total
Hause integration sector’s Integration Genotype (%)
Botta L>Mb=D>K>Ld>0 S>P>Se>0
Mei-er O>L>D>Ld>K>Mb S=P>8e>0 §-8e>P 62,5
Hedjuk L>D>=K>Mb>=0 0O>S>Se>P
Loos K>D>L>Mb>0 S>Se>P>0
Domingues D>Ld>L>Mb>K>Mdb=0O S=Se>P>0
Reynaldo L>D>K=0>Ld>Mdb>Mb S>Se=0>P $P>Se 25
Borsoi D>L>Mb>K>Ld>0>Mdb S>Se>P>0
Campelo D=K>L>Ld>Mb>0=>Mdb Sex>S>P>0
L: Living D: Dinning K: Kitchen O: Outside
Mb: Main bedroom Ld: Laundry Mdb: Maids bedroom S: Social
Se: Service P: Private
Table 05.1

The houses genotype (by author based on'-%).

Based on the methodology, these genotypes were identified by isolating
three sectors of the houses: social, service, and private. The results showed
the existence of two distinct types of genotypes, leading to the idea that the
social sector is the most accessible in the whole sample, and in 25% of cases
the service sector is the most segregated. Even if inserted in different
scenarios at the time and place of their designs, these residences reinforce
patriarchy’s influence in societies and how hierarchy tends to be defined per
class, race, and gender. The question that arises from this analysis is whether
this logic of modernist design of spaces was different in social housing
projects with collective systems of domestic services.
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Housing for Gender Equality
Narkomfin’s Case

To consolidate the USSR, the reforms of daily life were based on
industrialisation through the new model of land occupation, which aimed to
solve the housing deficit.!" The State sponsored a set of standardisation
studies of new dwellings for the proletariat, analysing dimensions of
traditional kitchens, which resulted in the design of two new typologies:
rationalised kitchen and kitchen niche (Figure 05.3).

B

L

el s 2 A

I

. Rationalised kitchen Kitchen niche

Figure 05.3
Kitchens typologies'!' (pp.194—-196, edited by author).

The Narkomfin complex, by Moisei Ginzburg (1928), aimed to materialise
the new dwellings model developed by the Soviet state, containing three
volumes: residential, community and service (Figure 05.4). The residential
component included two types of units: the larger two-storeyed cells “D”
with the rationalised kitchen model, and the three-storeyed “F” cells with
the kitchen niche integrated the living room (Figure 05.5 and 05.6). Directly
connected to the residential building, the community centre housed
collective living spaces: rest room, dining room and library. Parallel and 30
meters away from the residential block, the service building housed the
collective laundry and guest’s houses (Figure 05.6).
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01-HOUSING BLOCK
02-COMMUNITY BLOCK
03-SERVICE BLOCK

Figure 05.4

Narkomfin site plan'! (edited by author).

Figure 05.5

Interior of cell typologies “D” and “F”'° (edited by author).
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1- Qutside; 2+ Hall; 3 Kitchan; 4- Living; 5- Stairy; &+ Holl; 7- WC; 8- BWC; $- Main badroomy; 10- Bedroom

CELL TYPE “D"”

1- Outside; 2- Hall; 3- Stoire; 4. BWC; 5. Kitchen; &- Living: 7- Bedroom; 8- Main Bedroom

CELL TYPE “F”
Figure 05.6

Narkomfin “D” and “F” cell typologies'! (edited by author).
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Unité d’Habitation in Marseille

Starting in 1945 the French government began to encourage social housing
programs that sought to solve the housing deficit. At the core of this
discussion, Le Corbusier was a key-figure, presenting several proposals and
an extensive theoretical production. The Unité d’Habitation in Marseille is
considered a synthesis of his studies: the architect pioneeringly introduced
the Modulor in all construction stages of this project. The sexism present in
his theory and in the Modulor “is not an accident nor a cultural habit result,
it was a concept thought, studied and supported in the masculine
Renaissance prototype and the idea that it represents humanity.””

Corbusier’s project was thought as a self-sufficient vertical city. It consisted
of'a set of modules of different apartment typologies, organised with interior
service streets housing from collective laundry, child day care and
restaurant, to social spaces, such as the rooftop club (Figure 05.7). In the
“E2”, the most recurrent typology, kitchen and dining room were integrated
as one single large living space (Figure 05.8).

SERVICES STREET

Figure 05.7

Functional division of Unité d’habitation in Marseille® (edited by author).
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s A rvyn

[ —— 3

1- Outside; 2- Hall; 3- Kitchan; 4- Dinning; 5- Living; &- Balcony; 7- Stairs;
8- Main Bedroom; §- BWC; 10- Hall; 11- BWC; 12-Bedroom

Figure 05.8

Cell type “E2” of Unité d’habitation in Marseille® (edited by author).

Mendes de Moraes Complex (Pedregulho)

The Department of Popular Housing (DPH) in Rio de Janeiro, Brazil’s
capital at the time was created in 1946, bringing the housing crisis up to
discussion from the collective perspective. Under the leadership of architect
Carmen Portinho, DPH issued a design proposal based on the construction
of autonomous residential complexes throughout the city.’ Influenced by
modernism, Portinho affirmed the importance of eliminating the
unnecessary individual dwelling spaces, such as laundry, favouring the
establishment of less unequal gender relations.

The Mendes de Moraes project by Afonso Reidy and Carmen Portinho was
based on the Athens Charter and modernist concepts. Three residential
volumes conformed the site (main block “A” and secondary blocks “B1”
and “B2”), as well as collective equipment: health station, laundry and
cooperative, primary school, gymnasium, and swimming pool (Figure
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05.9). In this research we will analyse only the residential typologies of
block “A”, cells “Q” and “D”. “Q” cells were considered minimal
dwellings, featuring only one bedroom connected to the living room. The
two-storeyed “D” cells had two bedrooms, kitchen accessed through a hall
and stairs leading to the bedrooms (Figure 05.10).

1= Housing block A;
2- Housing block B;
3- Living:

4. Primary schoal;

5- Gymnasium;

&- Pool;

7- Changing room;

8- Ambulato

9= Machanized loundry
10- Cooperafive

11- Daycare

Figure 05.9

Pedregulho site plan® (edited by author).
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CELL TYPE “a~ CHL T o

Figure 05.10

Pedregulho cell typologies “Q” and “D*”° (edited by author).

Discourse and Design Practices in the Housing Complexes

Although domestic activities were already considered a type of work at the
time of the three projects, both the State and the architects underestimated
the difficulties in altering the social constructions of gender. When the
Narkomfin was completed in 1932 the concepts of community life and
female freedom had been forgotten, as these had become negative labels of
left-wing ideals.* As a reflection, the studies of proletariat housing units
were only interested in the possibility of standardisation. A very similar
scenario occurred in the Unité d’habitation, where the need to build a self-
sufficient structure seems to have overlapped social issues and those related
to gender inequalities, with its collective laundry closing shortly after
construction was completed, in 1955, due to the lack of connection with the
other service spaces, such as ambulatory and a kindergarten. In the
Pedregulho complex we believe there was a more thorough concern towards
generating collective equipment that would, in fact, facilitate accomplishing
domestic tasks. This finding can be verified through design and socioeconomic
justifications given by Carmen Portinho, in which she reiterates the benefits
of this equipment on family life and working women. However, we argue that
this position was not sustained when it came to the housing units themselves,
which continued to reproduce spaces guided by patriarchy. These issues will
be further discussed in the morphology-based analysis we will present next.

Morphology of Social Housing

According to the Space Syntax theory® people move in axial lines, interact
in convex spaces, and see visual fields that change as they move through
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built environments.” Using graph theory to describe configurations allows
for investigating the correlation between space configuration and social
behaviour.

In this study, we perform comparative analysis of domestic spaces both in
the scale of the complex and that of the residential unit, addressing the
following analytical variables: integration, symmetry, distributivity, depth,
and connectivity. Through the rank order of integration of the housing
sectors' we sought to trace a common genotype, which corresponds to a set
of characteristics intrinsic to the morphology of the objects analysed.

Means and Methods
Criteria for analysing service spaces in the scale of the complex:

First, we should note that we considered the location of columns in the
spatial decomposition of the dwellings in regard to the network of
permeabilities, as they constituted barriers that influenced the number and
shape of convex spaces. The base for axial maps was the exterior access to
the collective laundries to revel the interaction between the remaining
blocks’ access. The graphs of visibility were based on the laundry’s washing
area and the visual information analysis considered partial isovists cantered
is each space, at 180°. The areas and shape of each isovist were also verified,
as well as the permanence of visual information space, during the users’
movement. All maps generated using the DepthmapX software.

Criteria for analysing service spaces in the scale of the housing unit:

To define the housing typologies sample, which includes five distinct cells,
three criteria were followed: i) higher incidence; ii) availability of existing
information; iii) location in the main residential blocks. In the process of
spatial decomposition and definition of permeability network, we included
columns and fixed furniture. Axial and visibility (by connectivity) maps
were restricted to the level where the kitchen was located. The justified
graph of each cell was generated having the access corridor as the base node,
and were elaborated using JASS software, post-edited with AutoCAD.
DepthmapX was used for convex, axial and visibility maps, and 180°
isovists were employed to analyse the kitchen in each cell. Based on the
relationship between the kitchen and the other spaces, the analysis was
performed according to integration (RRA), depth, distributivity, symmetry
and connectivity.
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Analysis and Results
Service spaces in the scale of the complex:

The number of convex spaces varies according to privacy levels, so
common spaces, such as the pilotis located on the ground floor, connecting
corridors and collective equipment, have more convex spaces when
compared to dwellings. This finding is explained by the structure that
segments the circulation, functioning as barriers in collective spaces (Figure
05.11). In Narkomfin’s convex maps the corridors in the residential and
community blocks are the most integrated of the complex. Similarly, the
convexity analyses of the Unité d’Habitation and Pedregulho point to the
main circulation areas as the most integrated spaces. This morphology
reveals the control of the access to the housing units and the lack of
connection between service and leisure/social gathering spaces.

NARKOMFIM unié PEDREGUILHO

D’HABITATION

H- EEEEEE ]

[ [E01 Lydl 1 Lo al 1 Diel 4T

CRHECTITY EEEEE -

Figure 05.11

Convex and visibility maps of typical access floor plans of social housing complexes
(by author based on'!>%9),

The axial analysis shows that, from the perspective of the inhabitants,
physical continuity of the ground floor of the three complexes occurs
primarily in convivial spaces, such as pilotis and residual areas (Figure
05.11). At Narkomfin, the most integrated spaces are located in the accesses
to residential and community blocks, revealing the discontinuity of the
service block, which perhaps can be explained by the metric distance
between blocks within the lot. In the Pedregulho complex, the axial map
reveals that convivial environments are so connected to the educational

printed on 2/8/2023 10:39 AMvia . All use subject to https://ww. ebsco. coniterns-of -use



EBSCChost -

82 Chapter Five

equipment that the lines have become blurs. Despite this integration, one
can notice the discontinuity between the service block and the other
components. The axial analysis of the Unité d’Habitation, despite its
distinct design solution (one single block), shows similar results, with the
most integrated spaces being the access corridors in the commercial streets,
and the collective laundry being segregated from the other spaces.

UNITE
NARKOMFIM D’HABITATION PEDREGULHO

Figure 05.12
Ground floor axial maps of social housing complexes (by author based on'!> % ?).

The analysis of the interior of the collective laundries revealed that the
morphology of these spaces shows a satisfactory integration, presenting
numerous possibilities of interaction amongst users (Figure 05.12). In this
sense, the convex analysis of the Narkomfin laundry reveals few convex
spaces, with the entry hall being the most integrated space in the system.
Similarly, Pedregulho’s collective laundry has few convex spaces, where
barriers are constituted by the structure, and the access space is the most
integrated within the system. In the collective laundry at Unité d’Habitation,
the absence of connections affects the network of permeabilities, presenting
a single exit and access route to each space. By relating the visibility and
isovists maps of each collective laundry, the results reinforce the convexity
characteristics, in which the most integrated and connected spaces are those
located near the accesses or the largest convex spaces. The convex shape of
the isovists allow for little visual information to be lost while visitors move
(Figure 05.13).
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NARKOMFIM

EREEEC OOk EEEEEEIEE 44

Figure 05.13

Convex and axial maps of collective laundries (by author based on'!3-?).

ViGA ISOVISTS

NARKOMFIM .
-

UNITE

D’HABITATION '
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Figure 05.14
Visibility and isovists maps of collective laundries (by author based on'! %),
Service spaces in the scale of the housing unit:

The convex analysis of housing cells shows that the most integrated spaces
belong to the social sector (Figure 05.14). 80% of the sample illustrate that
kitchens constitute segregated spaces compared to other dwelling spaces.
This network of permeability reveals the existence of access restrictions to
the service sector, in comparison with the permissions presented by the
social sector, findings that are evidenced in the axial analysis.
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Narkonfin’s axial maps of “D” and “F” cells present visual and physical
continuity with social environments, as opposed to the segregated kitchen.
As in the Narkomfin, the axial analyses of “Q” and “D” cells in Pedregulho
seems to induce a greater interaction and movement in living spaces when
compared to kitchens. In contrast, in Unité’s “E2” cell both social and
service spaces present visual and physical continuity. This finding reveals
that morphology of the cell induces a change of spatial unity in the service
sector, reinforcing the scenario found in collective laundries in these
complexes. Therefore, considering these conditions of accessibility and use
of kitchens, we can affirm that the construction of the cognitive space is
directly influenced by the social constructions of gender relations, class and
race (Figure 05.15).

UNITE
PEDREGULHO

NARKOMFIM D'HABITATION
D F E2 D Q

L
COMVEX e S [ II 1
NN —
- B O .

f 4 i

] ! I 1—| | |

Figure 05.15

Convex maps of cell typologies of social housing complexes (by author based on'"
8, 9)'

The analysis of the depth of each cell in relation to the exterior indicates that
the deeper systems are those that have larger geometric areas, which were
destined to more affluent families. 80% of all typologies analysed show that
the kitchen is at the same depth level as the living room (Figure 05.16),
revealing that these spatialities exhibit equivalent levels of access control to
the social and service sector, as well as, reinforcing the idea that they are a
result of functional, political, and socioeconomic needs of each locality.

The integration analysis of each typology, related to convex maps, reveals
that the most integrated sector is the one presenting the greatest number of
convex spaces, affected greatly by columns and fixed furniture (Table 05.2
and 05.3).
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Figure 05.16

Axial, visibility, and isovists maps of cell typologies of social housing complexes
(by author based on'! %),
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Figure 05.17

Justified graphs of cell typologies of social housing complexes (by author based on'!
8, 9)_
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Unité
Narkomfin d’habitation Pedregulho
in Marseille

;o - Afonso Reidy e Carmen
Author Moisei Ginzburg Le Corbusier Portinho
Year Built 1928 1947 1946
Localization Moscow Marseille Rio de Janeiro
Cells type D F E2 Q D
Area (m?) 85.30 60.00 118.00 22.30 58.50
Canyex 23 18 28 6 11
spaces
Depth 7 7 11 3 5
Integration
(RRA) 1,431 2,148 1,854 1,337 1,411
Type of graph 3 % 2 1 1
Distributivity 1,090 0,157 0,647 0 0,222
Symmetry 0,352 1,210 0,437 4,000 1,753
1: Tree-like configuration 2: Tree-like configuration with ring 3: Tree-like configuration with ring
on social sector on both sectors, social and private
Table 05.2

Social housing complexes: general data (by author based on'!> % 9),

In 80% of the cases the kitchen proved to be equally integrated into the
living space systems. This data indicates that the morphology of these cells
should favour intense and informal use of the living and service spaces.
However, by relating integration values to visibility maps, it is observed that
the more integrated and visually connected spaces remain only in the social
sector.
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Unité
Narkomfin  d’habitationin  Pedregulho
Marseille
D F E2 Q D
2;[):15 Area (m?)
L 22.90 15.50 29:35 10.40 12.40
K 375 1.40 485 1.80 3.00
Mb 23.23 1650 21.60 6.00 9.60
O - - - - -
2;:‘;;5 Depth
L 1 3 2 2 2
K I 4 2 2 2
Mb ] 7 7 3 5
O - » - % =
g:;g Integration (RRA)
L 1,757 2,995 1,562 1,719 1,582
K 1,489 1,735 1,893 1719 1,582
Mb 1,391 2,107 1,832 1,719 1,809
O 1,489 1425 1,984 0,573 1,582
heir Space type
spaces
L c c c b a
K a a b a a
Mb {c b b a a
(e} a b a a a
:g;rés Distributivity
L D D D ND ND
K ND ND ND ND ND
Mb D ND ND ND ND
O ND ND ND ND ND
gg:;rés Space connectivity
L ) 3 3 3 1
K 1 1 4 3 1k
Mb 3 2 3 1 1
O 1 2 1 1 1
L: Living Mb: Main bedroom K: Kitchen O: Outside
D: Distributive ND: Non-distributive

Table 05.3

Social housing complexes: syntactic data of cells main space (by author based on'!
8, 9).

By relating the partial isovists and the space typologies of kitchens, t80% of
the isovists have a pointed shape, that allows the visual information to be
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easily lost. Thus, by comparing the measures of distributivity, symmetry,
and the space typologies of kitchen, it is evident that the morphology of
these cells reinforces the sexist aspects of society, precisely due to the
inaccessibility and absence of connections. Based on the assumption that
women have always been exclusively responsible for performing domestic
activities, these spatialities generate a scenario that does not allow for the
existence of new social interactions, inducing the perpetuation of the
gender’s role.

Genotype of the Housing Cells

The morphologies of the cells we studied express the polarisation of living
spaces and spaces dedicated to performing household activities. Thus, the
living space, which composes the social sector, is always more permeable
when compared to the kitchen, which composes the service sector.
According to methodology', isolating the three sectors of a house (social,
service and private) in the rank order of integration allowed to defining
genotypes of housing typologies.

The results of our research did not indicate the existence of a common
genotype, since each typology presents its own set of primary information
(Table 05.4). However, there are similarities in the position occupied by the
service sector in the rank order of the integration sector, where in 40% of
the sample this sector remains in second position, while the social sector is
the most integrated within the systems. In parallel, 20% of the sample shows
the service sector as the most integrated. When we relate the results to the
genotypes found in the previous studies,’ > 20% of our sample has the
genotype identical to the houses analysed in these two studies, in which the
service sector is the most segregated in the system (Table 05.1).

Cells  RankOrderof ok Orderof Total
type space Tnlegration BECITas Cenctype (%%)
T °F 5 Inlegration
> D Mb=O=K=L P<O=Se<5 P<Se<$ 20
Narkomfin
F O<K<Mb<L O<Se<P<S Se<P<§ 20
Unité
d’ habitation E2 L<Mb=<K<O S<P<Se<O S=P>Se 20
in Marseille
T Q SHCMEEL S<Se=P=0 §-Se=p 20
'edregulho o
= D SE=h=Mb O=§=Se<P §=Se<P 20
L: Living Mb: Main bedroom K: Kitchen O Outside
P: Private S: Social Se: Service
Table 05.4

Social housing complexes genotype.
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Having said this, we need to clarify that, in addition to the different
programmatic contents of the dwellings analysed! > and the three social
housing complexes we present here, the economic realities also differ from
each other: the single-family homes belonged mostly to middle class clients,
while the housing complexes were designed for the working class, which,
in addition, involved the optimisation of the interior space of the unit and
presented common living and service spaces that were suppressed from the
individual units.

These findings lead to two questions, which remain open at this stage of the
research: Would the divergence of genotypes between ours and the sample
analysed by the referred authors be justified by the different contexts the
designs occurred in, even though some of these houses followed similar
modernist ideals? Is the number of typologies analysed here insufficient to
determine a single common genotype?

Conclusions

Guided by an analytical approach, the present discussion sought to show
aspects related to how the domestic space affect the perpetuation of gender
roles, addressing this influence in three emblematic modernist social
housing complexes: the Narkomfin, in Russia, the Unité d’Habitation of
Marseille, in France, and the Pedregulho complex, in Brazil. Assuming the
plural scenario that characterises modernism and its socioeconomic and
political realities, this analysis was based on the investigation of the
correspondence between the morphology of residential units in the three
cases and their relations with the women liberation discourses against being
considered the sole responsible for accomplishing domestic activities.

Initially we had suspected that the spatial structures of housing complexes
containing collective spaces for domestic services would present
characteristics distinct from those found in single-family houses designed
for middle and upper classes analysed in the previous studies':> where these
types of space are generally segregated at deeper levels of their spatial
systems. However, it was found that, although the modern movement
supported the idea of housing as a tool for social transformation, the design
strategies of both these single-family homes and the social housing
complexes we studied) tended to reproduce earlier design forms, highlighting
the influence of patriarchal societies over domestic spaces.

This perspective, however preliminary—as the sample should for sure
involve more examples—reinforces the morphological analysis as an

printed on 2/8/2023 10:39 AMvia . All use subject to https://ww. ebsco. coniterns-of -use



EBSCChost -

90 Chapter Five

important tool for understanding spatial relations in architecture. Thus, the
syntactic study of the individual and collective service spaces of housing
complexes revealed very relevant characteristics of the sample defined in
this study. In addition, it was necessary to highlight the specificities of each
case to corroborate in the process of understanding the architectural
strategies that reinforce sexism in the design of the social housing
complexes. Through our studies, it was evidenced that gender relations
directly influence the morphology of domestic spaces and that, overall, the
spatial structures we studied reinforce and perpetuate gender stereotypes.
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CHAPTER SIX

THE SPACE BETWEEN THE FORMAL
AND THE INFORMAL CITY ALONGSIDE
THE RIVER MARANGUAPINHO

CAMILA SANTANA, UGO SANTANA

Fortaleza: A Fragmented City

Fortaleza, with a population of 2,609,716 inhabitants, is a Brazilian city
marked by the contrast of planned and unplanned areas, that reflects its
social inequities at the urban space. The precarious settlements of the city
are mostly located at environmentally degraded areas, such as the River
Maranguapinho. The objective of this paper is to analyse how the formal
and the informal urban grid connects alongside the margins of the River
Maranguapinho and how the spatial configuration affects land use and
movement patterns in this area of the city. The study considers as formal
city the planned areas, designed following a conceived urban grid, controlled
by governmental actions; and as informal city the self-produced space,
where the concentration of precarious settlements defines the limits of the
public space. The research is based on the analysis of the area located from
the river’s margins to the beginning of the planned grid of the city, aiming
to identify how the formal and informal urban spaces connect. The analysis
of the relations between the formal and the informal urban configuration
considered the concept of “urbanity”, argued by Hillier! (p.127), to identify
how the grid offers routes to different areas of the city affecting movement
and how the public space is structured and used by the inhabitants.

In Fortaleza, the formal urban configuration is marked by the regular grid
that shaped most of the blocks. According to Accioly? (p.96), this regular
configuration is a result of the expansion plans conceived by Silva Paulet,
in 1824, implemented by the city administration. These plans show: A) the
initial urban occupation, characterized by irregular grid, following the
margins of the River Pajeu, located in the neighbourhood called Centro; B)
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the proposed regular grid to expand the city occupation; C) the definition of
expansion vectors, connecting Centro to the east, west and south regions of
the city. The expansion of the “formal city” has reproduced this original
rectangular grid and followed the defined vectors until the present days.

It is important to note that the years of drought attracted to Fortaleza
immigrants from the rural zones of the state of Ceara, promoting the
expansion of informal settlements in distant areas of the city, concentrating
a new population, without the city administration support. Over the past
years, with the city growth in population and in area, the grid has been
continuously adapted, as the formal and informal areas coexist, multiplying
its effects. As Balbo® (p.23) argued, together ‘with the carefully planned
city, a second one has appeared and developed, rapidly growing larger than
the planned one, for all those who cannot afford living in the latter’.

In Fortaleza, the precarious settlements are concentrated (1) at the coast
region, nearby the port and alongside River Ceara, at the western side of the
city; (2) at the southwestern region of the city, mostly marked by irregular
plots; (3) at the margins of the River Maranguapinho and the River Cocoé.
These informal settlements are classified by the Prefeitura Municipal de
Fortaleza (City Administration) documents as: social housing, tenements,
slums (favelas), irregular plots and collective effort housing. Figure 06.1
identifies 624 slums. These slums represent the largest area of informal
settlements of the city.

1 Port

2 River Ceard

3 River Maranguapinho
4 River Coco

Social housing
M Tenements
M Slums (favelas)
Irregular plots
Collective effort
) % / — Neighbourhoods
— 5K = City limits

Figure 06.1

Informal Settlements Map based on Prefeitura Municipal de Fortaleza (2017).
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This map demonstrates a concentration of precarious settlements in
environmentally protected areas of the city. The River Maranguapinho, one
of these environmentally protected areas, present precarious settlements
alongside its extension. Considering that the governmental actions in these
areas aim to regulate the urban expansion, this study raises the question:
how these urban interventions that connect the formal and informal grid
affect the land use and movement patterns?

Pursuing Fortaleza Spatial Configuration

The research is based on the Space Syntax Theory (Hillier, Hanson, 1984)
aiming to relate spatial configuration, location, use and movement patterns
in the urban space. The study reflects the analysis of the settlements located
nearby the River Maranguapinho’s margins and the planned grid of the city,
identifying how the formal and informal urban spaces connect. The maps
produced by Prefeitura Municipal de Fortaleza (City Administration), that
locates and classifies the existent precarious settlements in the city
boundaries, were analysed. The municipal government documents associate
the maps with information such as: population, urban infrastructure, per
capita income and the number of dwellings.

Subsequently, to compare the data collected in the city administration’s
documents and the morphology of the urban grid, an axial map was created
from a linear representation of Fortaleza urban grid elaborated by Ugo
Santana (2017) in the QGIS software. Based on the axial map, a segment
map, and values of normalised angular integration (NAIN) and choice
(NACH) were generated by the Space Syntax Toolkit and the software
DepthmapX. The values represent a global scale, involving all segments
within Fortaleza boundaries and local scales with radii of 400, 800, 1200,
1600 and 2400 meters. The values obtained by the software were then
compared to spatial characteristics of the urban grid identified by formal
and informal configuration.

Integration represents the topologic distance from a segment to all others in
the system. The spaces that present higher integration values are those with
the smaller topologic distance from all other spaces. Choice represents the
most probable routes between two points in the system. While integration
is associated with the identification of centralities, high values of choice
enlighten a grid that represents the main routes of movement in the city'.

The segment map created was overlaid to the precarious settlements map
aiming to identify relations between the spatial configuration and the
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settlements location. Based on the study of the integration and choice values
it was possible to analyse the relations between the formal and the informal
settlements in the spatial structure of Fortaleza’s urban grid. Once the grid
structure is responsible for the majority of the variations in the movement
density, the configuration of the formal and the informal settlements
represents a fundamental aspect of the urban space analysis.!

The Fragmented Grid at Global Scale

The segment map of Fortaleza (Figure 06.2), at global scale, displays that
the areas with higher integration values are located at Centro—where the
city occupation began—and the nearby neighbourhoods, represented in red
lines. Besides that, there are other areas of high integration values towards
the southern region, near the geometric centre of the city, following one of
its expansion vectors. However, there are some factors that limit the
connections between this main highly integrated core and the other regions
of the city. For this reason, there is a gradual reduction of integration values
in most streets of the city, represented in green lines at the segment map.
The map also shows in blue lines the most segregated streets of the system,
mainly located at the city limits.

River Coco
International Airport
Campus Pici

River Ceara

River Maranguapinho

ok e b =

LW

Figure 06.2

Factors of restrain of the integration core—Integration (NAIN), global scale.
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The main factors that restrain the growth of this highly integrated core are:
(1) the River Cocd, (2) the International Airport Pinto Martins and (3) the
Campus Pici of the Federal University of Ceara. Alongside the River Coco
there are large empty spaces among the roads that connects the eastern and
the southern regions, creating islands and clearly separating the integrated
core of the city from other regions. The Airport and the Campus Pici limit
the integration values (Figure 06.2). The International Airport, together with
the Airforce Base, creates an empty space at the geometrical centre of the
city. The Campus Pici—located between the Airport and the western border
of the city, where River Ceara passes—prevents the establishment of new
roads, reducing the integration values in this area. The River Ceara and its
main affluent, the River Maranguapinho, also divides this region—
represented in yellow lines—from the ones in green lines. The segment map
shows the expansion vector that follows General Osoério de Paiva Avenue,
that starts at Centro and goes between Campus Pici and the International
Airport.

The River Maraguapinho

Since 2008, the River Maranguapinho was the object of the government
interventions at its margins, but until now they had not been completed, and
still presents areas with informal housing. The main urban interventions at
the river’s margins are concentrated in three areas: (1) between the Avenues
Mister Hull and Senador Fernandes Tavora, which is partially completed;
(2) between the Avenues Senador Fernandes Tavora and General Osorio de
Paiva, which is not completed; (3) between General Osorio de Paiva Avenue
and the 40 Anel Viario (city limits), which is not completed. The location
of the interventions is clearly associated with one of the expansion vectors
of the city, the General Osodrio de Paiva Avenue, that presents higher
integration values at global scale, affecting the nearby areas.

The River Maranguapinho passes alongside 10 neighbourhoods (Table
06.1), concentrating 302,675 inhabitants, with areas characterised by
pollution, lack of sanitation and informal occupation. Considering the areas
located inside the limits of the city, there are 28 slums registered by the
Prefeitura Municipal de Fortaleza’s documents,* with different spatial
characteristics. Some of them already present patterns of the formal urban
zones, incorporated to the regular road network, by the governmental
intervention at the public space. At Table 06.1, it is exposed information of
each neighbourhood, such as population; number of dwellings; per capita
income; and access to electric energy, water supply and sewer infrastructure.
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These data reveal the social inequities at the urban space, in a highly
populated area.

Per capita Electric
Neighbourhood  Pop Dwellings income energy Water supply Sewer
(RS) (%) (%) (%)

Anténio Bezerra 25,764 7,478 485.21 99,65 89,02 7747
Genibai 40,310 11,343 271.81 99,43 97,51 62,88
Autran Nunes 21,198 5,609 288.48 99,66 95,92 84,20
Henrique Jorge 26,965 7,816 476.55 99,78 96,11 26,28
Jodo XXIII 18,341 5,231 386.57 99,83 94,91 45,90
B 41,119 11,740 370.66 99,69 96,11 54,01
Granja Portugal 39,617 10,791 276.38 99,02 97,79 44,35
Bom Jardim 37,699 10,462 291.69 99,46 97,83 41,04
Parque Sdo José 10,474 3.017 358.38 99,77 95,46 19,46
Canindezinho 4],188 11,544 267.41 99,45 08,87 14,92
Table 06.1

Neighbourhood information—Prefeitura Municipal de Fortaleza (2017).

Although some indicators—such as electric energy and water supply—are
very similar among the neighbourhoods, showing that the urban
infrastructure has permeated the city, other indicators present differences.
When the per capita income is exposed at the map (Figure 06.3), it is
possible to identify that the River Maranguapinho divides the population
with lower income, concentrating them on its western margin. The map
below (Figure 06.3) also displays the limited sewer infrastructure, in
contradiction with the water supply system data indicated on Table 06.1.

The River presents approximately 11 kilometres of extension inside
Fortaleza limits, with 13 crossing passages, marked by bridges. At these
crossing passages, there are regions with integration values slightly higher
than the spaces between them. Over the years, when a crossing passage was
implemented, it promoted a higher integration and subsequently the
regulation of the grid in the nearby areas. The less integrated areas, at local
scale, are located between the crossing passages, showing that the
integration is affected by the inexistence of connections and a larger number
of dead-end spaces. These passages also represent the government’s actions
towards the River Maranguapinho, aiming to expand the formal urban grid.
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Figure 06. 3

Sewer system and per capita income map based on Prefeitura Municipal de Fortaleza
(2017).

It is also observed that around the General Osoério de Paiva Avenue the
government’s actions are more effective than other areas alongside the
River, reducing the number of informal areas. The informal settlements are
characterised by irregular geometry, great number of dead-end spaces and
streets with reduced cross section. Paradoxically, the formal spaces are
marked by a great number of connections, by the regularity of the grid and
increased cross section of the streets. In a local scale (800 metres), the
difference in integration values between the regular and the irregular blocks
become clearer. In Fortaleza space configuration, this corresponds to the
absence or presence of self-constructed settlements, a counterpoint to the
urbanised regions, where the rectangular grid prevails. The areas of the
River that present some kind of governmental intervention—marked by
housing removal and the construction of marginal roads—in any of its
margins have higher integration values, at global and at local scale (800
metres), attracting real estate investments in the neighbourhood.

The regions without any governmental intervention are gradually occupied
by self-constructed housing, at environmentally degraded areas with flood
and collapse risk, promoting the destruction of the native river-margin
vegetation (Figure 06.4). Furthermore, the lack of urban infrastructure
generates the river pollution. As self-constructed housing doesn’t follow
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any urban parameter, the public spaces are the result of unoccupied areas,
marked by an irregular and limited grid, without the separation between
vehicles or pedestrian’s movement. The governmental interventions
generally start with the removal of part of the dwellings and their inhabitants
are relocated to social housing buildings, aiming to expand the urban grid,
with the construction of the new streets. These interventions are also
structured to contain the occupation towards the river line, separating the
river from the informal constructions, trying to physically protect it from
degradation. These interventions rarely include the construction of
community public spaces to promote co-presence, resulting in empty public
spaces at most hours of the day. Although the infrastructure is not
completed, these marginal streets are built as continuous movement lanes
with stops only at the crossing passages, presenting wider cross-section than
the existing streets in the informal settlements.

These urban interventions promote new relations between formal and
informal settlements, affecting integration values and choice, through the
new possibilities of movement in the city. Villaga® argues that the urban
space is structured by human movement, considering the work force and
consume activities, attracting commercial and services uses, creating
diversity and new centralities at local scale. This context changes the value
of the land, produced by location, promoting the expansion of the formal
areas and the gradual absorption of the informal settlements.

S e
o —=

Figure 06.4

(a) Aerial view of precarious settlements on the river’s margins: Genibat, Henrique Jorge
and Jodo XXIII neighbourhoods; (b) Osorio de Paiva Avenue bridge view; (c) Self-
constructed housing at the river’s margins at Conego de Castro Avenue; (d)
environmentally degraded areas at Vital Brasil Street and (e) at Emilio de Menezes Street.
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One River, Two Cities, Three Samples

The study of the urban structure connected to the river’s margins was made
by the selection of three Sectors, each one limited at 800 metres radius, as
shown in the Figure 06.5. The decision of this radius considered a distance
that could surround a city space that contained both formal and informal
settlements. This distance can give an idea of the scale of the informal areas.
In Sectors 1 and 2 there are urban interventions only on the eastern margin;
and on Sector 3 on the western margin. In Sector 1 there is the largest
informal settlement, and this occurs because both Sector 2 and 3 are closer
to areas with higher integration values in global scale.

== Complete intervention

Incomplete intervention
A General Osdrio de Paiva
B Conego de Castro

I 7K

Figure 06.5
Selected Sectors and integration values (NAIN), global scale.

Besides the high integration values, between the Sector 2 and 3 there are
areas with high choice values, indicating significant paths in the region in
the global scale, as shown in 06.6. General Osoério de Paiva Avenue—an
important connection between the city centre and Maranguape city, in the
southern border—passes alongside Sector 2 and 3, bringing from the central
area an important integration vector in the adjacent streets. This Avenue has
a high integration value (1.68), close to the system maximum (maximum:
1.89, medium: 1.22, minimum: 1.44), and also a high choice value (1.42),
compared to other streets (maximum: 1.61, medium: 0.91, minimum: 0.0)
of the system. These values prove the influence of the Avenue to the city.
In the Sector 3 exists another street, Conego de Castro Avenue, also with a
high integration value (1.63). It is important to note that both Avenues are
mainly occupied by commercial land uses. In this Sector, the presence of
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these two avenues, increases the integration of all adjacent streets, reducing
the difference between formal and informal spaces values. Sector 3 also
presents the smaller area of informal spaces.

| = Complete intervention
== Incomplete intervention
3 A General Osdrio de Paiva
— 7K m > B Canego de Castro

Figure 06.6
Selected Sectors and choice values (NACH), global scale.

The difference in values between formal and informal areas are very clear:
the first ones are more integrated than the second ones in most of the cases,
as shown in the Figure 06.7. The streets that connect formal and informal
spaces, generally present characteristics of both situations: reduced cross
section and irregular shape, but also sidewalks and asphalt pavement in
some cases. When it is considered the local scales (800m), the difference
between the highest and lowest values of integration increases.
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Figure 06.7

Selected Sectors and choice values (NACH), global scale.

In alocal scale the movement is facilitated by the rectangular grid, allowing
a larger number of paths, and reducing the possibility of dead-end spaces,
as shown in Figure 06.8. When the segment map is analysed in local scales,
now with radii between 1200 and 1600 metres, it is possible to observe a
clear formation of some centralities in both sides of the river; this is different
to the global scale, which points to a high integration only in the city centre.
Beyond the radius of 2400 metres, Centro becomes the most integrated area
of the city.

Integration and choice measures indicate how the public space is organised
and how it limits the precarious settlements areas through urban
interventions, implemented by municipal and state’s government. The urban
grid structure also reveals a social distribution in the space, once the
precarious settlements generated their own configuration inside an area
without formal planning. The irregular shape, with lower integration and
choice values, affects the accessibility of the inhabitants and how they relate
with the city. In this context, it is possible to observe considerable changes
in the syntactic measures when it is analysed the local space, comparing
them to areas with the rectangular grid (Figure 06.8).
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Integration (NAIN)

Choice (NACH)

Figure 06.8
Integration (NAIN) and Choice (NACH), local scale (800m).

This study shows that alongside the River Maranguapinho, the formal and
informal city coexist, connecting the fragmented spaces to the regular grid
in distinct ways. As Balbo? (p.27) argues, the existent spatial fragmentation
in these self-generated settlements is connected to the rapid expansion of
the city; the economic and political aspects; the urban planning regulation
and the lack of them; and the role of the state regulating the urban space.

It is possible to identify that after the state’s intervention at informal
settlements located alongside the River Maranguapinho, the consolidation
process has promoted changes in the informal grid, aiming to connect it to
the formal city. In this context, it is important to note that the spatial
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configuration of the urban grid and location can affect the consolidation of
informal settlements once it influences the patterns of movement and land
use.'® Although this region still presents a large number of self-produced
settlements, some parts of the informal grid became legally recognised and
consolidated through the years, with access to the urban infrastructure and
services.'*

Conclusions

During this study, when the city urban grid was analysed in both axial and
segment maps and compared to the maps produced by Prefeitura Municipal
de Fortaleza,* it was observed that the segment map better reflected the
differences between the spatial configuration of the formal and the informal
settlements, at local scale. The analysed Sectors present different levels of
accessibility. The integration and choice measures at global scale affect the
inhabitant’s movement at local scale, creating segregated areas, especially
in larger precarious settlements.

The study shows that the informal grid in this area was once generated by
precarious settlements, that mostly follows the river line. The public space
is restricted and unplanned, without the separation between pedestrians’ and
vehicles’ space, and without open spaces. This context is caused by the
expansion of self-produced buildings with small built area, once the primary
need is to have a basic shelter. To embrace the formal city, the government
actions either adapt or destroy the informal grid, move the population to
other areas and define public spaces alongside the river, aiming to control
the land use at its margins. In this region of the city, coexist three situations:
the formal areas with planned grid and settlements; the informal adapted
areas, that were absorbed by the formal city through government actions;
and the informal areas, marked by the discontinuity of the grid and the
concentration of the precarious settlements.

Over the years, the population occupied free spaces in the city, which
include the areas alongside the River Maranguapinho’s margins, where they
live apart from the “official city”. As previously mentioned, the interventions
at the urban grid promoted at first the removal of the inhabitants—
physically from their houses—and secondly, they are exposed to be
gradually expelled from the area by the real estate speculation dynamics that
create difficulties to maintain the life in places with increased financial
value.
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Political and economic interests modify the city’s spatial configuration. The
implementation of the urban infrastructure, such as sewer system, and the
requalification of the river margins are extremely important. However, the
expansion of the rectangular grid is a simplistic reproduction of a
configurational pattern that does not promote urbanity' in global or local
scales, once the interventions were not planned to stimulate co-presence in
public spaces, land use diversity and pedestrian movement. The urban
interventions slowly deliver “organised spaces”, with a minimal
infrastructure, affecting mostly the inhabitants located in distant areas of the
city, that don’t have economic access to regular dwellings and live in
precarious settlements.
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CHAPTER SEVEN

DEVELOPMENT OF A PERMEABILITY MEASURE
BETWEEN PRIVATE AND PUBLIC SPACE®

PATRICIA ALONSO,
META BERGHAUSER PONT,
Luiz AMORIM

Introduction

The Natural Movement theory! states that street configuration is the primary
generator of pedestrian movement and activities, which influence each
other. Further, it is often pointed out that high density also generates a higher
intensity of activities and movement in cities.> > 43

However, in certain urban contexts, such as Latin American cities and, more
specifically in this study case, Brazilian cities, this may not be the case. In
these cities, urban developments with high street centrality and density can
present the low presence of people in public spaces.

The hypothesis is that this is caused by the specific way densification takes
place. Present-day Brazilian cities have a typical verticalization process,
which is primarily aimed at housing. High-rise residential buildings reach
more than twenty or even forty storeys, with a semi-underground floor and
often a ground floor for car parking, due to an urban planning and mobility
policy that prioritises motorised private transport.

We focus on the analysis of two characteristics related to this densification
type, which seem to contribute to less inviting and less safe streets. First,
the larger size of plots. Due to urban legislation requirements for a more

(M This chapter was previously published in the Special Issue “Formalizing Urban
Methodologies”. Urban Sci. 2018, 2(3), 87;
https://doi.org/10.3390/urbansci2030087
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balanced relationship between the total built area and plot area, higher
buildings demand larger plots. These are achieved by joining several plots
and reducing the number of plots per block. Second, the consequent lower
frontage permeability. Because of fewer entrances and the presence of blind
walls due to semi-underground floors for car parking there is less interaction
between private buildings and public streets.

Some authors discuss the plots influence for socioeconomic processes in
cities. The spatial capacity concept® states that plot systems can potentially
contribute to urban diversity from a socioeconomic perspective. Marcus’
affirms that the plot indicates an actor presence with particular action
strategies in the city. Thus, an area with many plots would tend to present a
higher amount of such actors and strategies. These diverse strategies would
lead to greater potential for diversity of land uses. Bobkova ez al. states that
a greater variety in plot sizes may also have an impact on diversity, due to
consequent differences in functions.

Renowned authors, such as Jacobs,?> Gehl, '° and Panerai et al.'' refer to
the importance of the interaction between public and private spaces with the
quality of public spaces and active street life. Jacobs’ “eyes on the street”
concept® very clearly shows how visual permeability between plots and
streets can contribute to a street’s vitality and safety.

The Space Syntax’s “constitution”'? @ is a method to map the interface
between the streets and the buildings: links between buildings or plot
boundaries and convex spaces’ are drawn when there is a relation of direct
adjacency and permeability between them, thus representing entrances. The
map shows how constituted (directly adjacent and permeable) the convex
space is in relation to buildings. Hanson!® developed this further and
introduced the “constitutedness rate”, which quantitatively describes the
percentage of convex spaces that are constituted by entrances.

Nevertheless, the frontages’ assessment still needs to be addressed in a more
comprehensive and thorough way. This paper’s contribution is to introduce
a measure that captures the frontage permeability, both in qualitative and
quantitative terms, by verifying a) the frontage visibility and accessibility
separately; b) the presence of setback, its depth and use; and c) the type of
space (referring to land use) where there is permeability.

@ Convex spaces refer to the urban space representation in its convex fragments,
that is spaces in which no straight line drawn between any two points goes outside
the space'? (pp. 97-98).
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This paper describes the developed method to measure frontage permeability.
It briefly describes measuring procedures for density and plot sizes based
on existing methods, and the measures for network centrality and
accessibility. Then, it presents a pilot study of the permeability measure in
selected areas of a district in Jodo Pessoa, Brazil, in order to evaluate the
relationship between this measure and density, plot size, frontage length,
and land use. The final part presents the test results, conclusions, and the
next research steps: expanding the test area and correlating the results to
socioeconomic data (people’s co-presence in the streets and land uses).

The content of this paper is part of a doctoral research project on the
relations between density and urban form and its influence on urban social
performativity.

Methodological Procedures

Development of a Permeability Measure

For the purpose of this research, frontage permeability is understood as the
property of these frontiers to allow interpersonal interactions between the
spaces delimited by them: namely, the public space (the street) and the
private space (the plot). These interactions may be visual—people on the
streets may or may not see what goes on inside the plot, and vice-versa—or
also physical—people may or may not cross the border between the public
and private spaces defined by the frontage. It needs to be understood that
these interactions have a certain inequality.

The public space is, by definition, commonly open and accessible to all
people, while the plot, often being privately owned, tends to have controlled
visibility and access. The frontage partition, for example, may purposefully
conceal the view from the street to the plot, but not the opposite. In the same
way, doors and gates aim at controlling the access to the plot, rather than
the exit to the public space. The study looks at the interface public-private
from the public space perspective, which is the stage for people’s co-
presence and interaction.

In the proposed method, the Permeability measure was divided into two
variables: Visibility (the property of the frontage to allow people to see
through it) and Accessibility (the property of allowing people to pass
through it). These variables are measured separately, as they are not
necessarily correlated. For instance, due to the use of transparent material,
a frontage with high visibility may not be accessible, and a high and opaque
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gate can completely block eye contact.

The Visibility and Accessibility measures were defined by combining the
degree, which is a quantitative measure of how visually or physically
permeable the frontage is, to a qualitative evaluation about the type of space
in terms of its visibility or access. This type refers to a socio-spatial
qualification according to the land use—if is it a public or private space,
occupied, underutilised, or empty. This differentiation is important as the
contribution of street-plot constitution to urban vitality is beyond the
physical possibility of seeing or passing through the frontier between them.
Having visibility in a vacant plot, for example, presumably does not
contribute to the quality, safety, or vitality of the streets.

To measure the Visibility variable, we defined four categories: no visibility
(vl); visibility to empty space (v2); visibility to private space (v3); and
visibility to (semi-)public space (v4). The “empty space” class includes
vacant plots, and residual and underutilized spaces, which were defined as
follows: vacant plots are private plots without occupation and use; residual
spaces are small areas between buildings within plots, without a defined
function and which are idle; and underutilized spaces are those whose uses
are not useful for social interactions, such as closed or abandoned buildings,
parking lots and garages. The “private space” class was comprised of single-
family and multifamily residential uses, while “(semi-)public space”
encompasses all other public, semi-public, or collective uses: retail and
services, etc. This scale is based on the principle that visibility to a (semi-)
public space has more potential to promote an interaction between the street
and the plot than that to a private space, which is usually more controlled
and isolated. Likewise, cisibility with regard to a private space generates
more potential interaction than the vision of an empty space, which only
surpasses the no visibility condition.

The definition of land-use, and the concepts and degrees of public-private
are much more diffused and complex than this categorization. However, we
tried to avoid a model with too detailed (and thereby non-generic) or too
abstract (and thereby too broad) categories. The developed method seems
to be effective enough to differentiate the basic types of land use, and
economic enough not to be too complicated.

The Accessibility variable measure is also based on a four-category scale:
no access (al); controlled access to private space (a2); controlled access to
(semi-)public space (a3); and open access (a4). It was necessary to
differentiate the controlled access from open access. It is not necessary to
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qualify the plot use when an open access is found. Given its quality of being
devoid of barriers, it does not matter if the open access is to a public or
private space, or even to an empty one. An open access to a private or semi-
public space sets up an urban kindness that promotes the convergence
between street and plot spaces. When it is directed to an empty space, it can
promote space occupation, as commonly seen in Brazilian cities (often
lacking in squares and public equipment for leisure and sports) where the
open (with no walls) vacant plots are spontaneously converted by the
population into football fields.

A “controlled access to empty space” category was not necessary. The
entrances of closed buildings and that for the exclusive use by cars were
registered in the “no access” category. In the first case (closed buildings),
there is no access. In the second case (parking lots and garages), there is a
controlled access, which is only used by vehicles, so it does not generate
social interaction between street and plot. The mixed-use gates, which are
for both pedestrians and vehicles, were considered as accesses.

Another variable recorded and analysed for each plot was the Set Back.
When there is a barrier between street and plot, which is set back from the
street, a private plot space is “given” to the public street. It was verified that,
if a set-back space is found, its dimension and its eventual occupation were
analysed. When a set back is present, depending on its use, it can have a
positive (generating gradations between public and private spaces, with
semi-public uses) or negative effect (creating distances, residual spaces) in
the interactions between these spaces. Once the variables and their
categories of analysis were defined, frontage mapping was conducted in the
chosen areas, using Google Street (with updated data from July 2017) and
Google Earth tools for data gathering. Visibility values were registered
based on the average height of the eyes of a pedestrian (about 1.60m). Based
on the possibility of visual interaction with the ground level of the plot, an
opaque barrier of 1.70m or higher was classified in the “no visibility”
category. In situations of discontinuous vision, due to, for instance, the
presence of fences, interspersed posts or hollow bricks, visibility was
considered to exist.
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| PERMEABILITY \

Lr Lr
| VISIBILITY \ [ ACCESSIBILITY \
O O O < < O & <
vl v2 v3 vd al a2 a3 a4
no to empty to private | to public no to private | to public open
visibility space space space access space space access
| SETBACK | \ SETBACK |
< O < O
| yes no ‘ ‘ yes no ‘

Table 07.1
Permeability measure scheme.

In Accessibility, the “open access” category was set for situations with no
barriers higher than 40cm from the sidewalk level. Obviously, a 50cm high
wall can also be crossed. But the height limit to open access was defined
considering the intention of territory demarcation. Space accessibility is not
only about being able to transpose, but also about permission to transpose.'*

The lengths were measured in meters (recesses were considered irrelevant
and thus not measured). The distinct frontage conditions for Visibility and
Accessibility of each plot were verified and recorded in order to describe
plot’s frontage as the sum of several entities, according to the variables’
values. This level of detail is relevant, since the boundary of a plot can be
very heterogeneous along its length. In that case, assigning only one
Accessibility or Visibility value to it will not express its actual condition.

For the geometric representation, lines were used with attributes according
to Table 07.1. Further, the line length was added as an attribute and, in case
of a setback, its depth and use. The length of each permeability category
was measured to then develop various indexes to describe the frontage
permeability of each plot. The indexes were calculated as shown in Figure
07.1.
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VI = 1-(vl/(v1+v2+v34+vd)) (1)
Al = 1-(al/(al+a2+a3+a4)) (2) where

VI = Visibility Index

v1 = frontage length with no visibility

v2 = frontage length with visibility to empty space

v3 = frontage length with visibility to private space

v4 = frontage length with visibility to (semi-)public space

Al = Accessibility Index

al = frontage length with no access

a2 = frontage length with controlled access to private space

a3 = frontage length with controlled access to (semi-)public space
a4 = frontage length with open access

Figure 07.1
Main indexes of frontage permeability: Visibility Index and Accessibility Index.

Some sub-indexes were developed to test the effect of the permeability
categories, describing what is visible or accessible. To test the impact of
permeability to public spaces, the formulas shown in Figure 07.2 below

were used:
VI, = vad/(v1+v2+v3+vd) (3)
Al = Na3/(al+a2+a3+a4) (4) where

Vlpu = Visibility Index to public space
Alpu = Accessibility Index to public space
Na3 = number of controlled accesses to (semi-)public space.

Figure 07.2

Sub-indexes of frontage permeability: Visibility Index to public space and
Accessibility Index to public space.

Further, we added measures for permeability to both public and private
space, and to open access using the formulas shown in Figure 07.3:
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Vo pu = (V3+v4)/(v1+v2+v3+v4) (5)
Alpr pu = (Na2+Na3)/(al+a2+a3+ad) (6)
Al = ad/(al+a2+a3+ad) (7) where

Vlpripu = Visibility Index to public and private space
Alpripu = Accessibility Index to public and private space
Na2 = number of controlled accesses to private space.

Alop = Accessibility Index for open access

Figure 07.3

Sub-indexes of frontage permeability to both public and private space, and to open
access.

In formulas 4 and 6, the numerator indicates the number of accesses, rather
than the length (the number seems to be more effective for the assessment
in these cases than the amount in meters).

Formula 3 can demonstrate the potential urban diversity since it registers
the visibility index for all non-private uses. Formula 5 can express Jacob’s
“eyes on the street”,? as it registers the visibility index for all public and

private uses.

Measures of Density and Plot Sizes

In order to test the hypothesis, the permeability indexes were related to the
local density, plot size, frontage length, and land use.

The Spacematrix method was used for density measures.'® It calculates the
built density using multiple density indexes including the Floor Space Index
(FSD)® and the Ground Space Index (GSI), which together have shown to
effectively describe building types. The results are represented in diagrams
that synthesise various density characteristics of the analysed areas and
classify the types found.

The measures related to the plot size were based on Bobkova et al.,® who
developed morphological measures of plot systems, capturing size,
openness, and compactness, and configurational measures for the accessible

() Also referred to as the Floor Area Ratio (FAR).
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number and diversity of plots using the Place Syntax Tool (PST).®

The local measurements in the test areas were combined with configurational
measures at the district level, using Space Syntax'® network centrality
measures: integration and choice® at a range of scales (radii 500m, 1km, up
to Skm, and in the topologic radii 13, r7 and r12). Furthermore, accessible
density and accessible number of plots were measured for various scales
(500m, 800m, 1km, up to 5km walking distance) using PST.!7- 18

Pilot Study

The initial tests were performed in selected areas of Manaira district, in Jodo
Pessoa, Brazil. ©© Manaira integrates the high-income coastal subcentre” of
Jodo Pessoa, which is one of the new centralities of the city in a process
started in the 1970s."

Manaira has 26.369 inhabitants in 2,42km?, with a high population density
of 10.896 inhab/km?. It is the city’s fourth most populated district (in
absolute numbers) and the seventh most densely populated. It is also among
the districts that present the highest built densities in the city. Integration
and choice values indicate that Manaira presents high centrality and
accessibility in all radii. Accessible density measure also shows high values
in all radii. Therefore, Manaira district presents economic-functional
centrality (it is a subcentre with housing, retail, and services), demographic
centrality (high population density), and morphological centrality (high
FSIs, and, in configurational terms, high centrality, accessibility, and
accessible density). Based on the Natural Movement theory,' we would
expect high levels of pedestrian movement and activities which, however,

&) PST is a plug-in tool for QGIS that uses Space Syntax analysis for measuring the
accessibility through the street to different contents of urban space (e.g., density or
plot area), rather than the accessibility of the streets themselves. The PST measures
can be said to be closer to the cognitive experience of a person walking through
urban space, and his or her perception of variations in densities, plot sizes, and types
of buildings, etc.

) Also referred to as closeness centrality and betweenness centrality, respectively.
© Jodo Pessoa, capital of Paraiba province in Brazil, has a population of
811.598inhabitants in 211,5 Km?, and a population density of 3.837 inhab/km?. It is
part of a 1,26 million inhabitant metropolitan area (data from 2016-2017).

() Subcentres result from urban expansion, concentrating retails and services in
housing areas, in order to reduce user displacements in search of urban facilities.
Unlike traditional centres, subcentres usually serve only parts of the city (Villaga,
2001).
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does not seem to be the case.

Four areas were selected for initial testing in Manaira (see Figure 07.5).
Areas 1 and 2 present the highest values of accessible density in local radii
(500m and 800m) within the district range. Areas 3 and 4 presents medium
to high accessible density values in the same radii within the district range,
and they are next to malls that act as attractors.

As the testing areas have high centrality and accessible density, they would
be expected to present urban vitality. The other variables (plot size and
frontage permeability) that were measured may, according to our hypothesis,
affect this relation between density, centrality, and urban life.

The permeability measures are related to local density, plot size, frontage
length, and land use. This paper does not relate the morphological data to
people’s co-presence in the streets. This is the next step in the research.

)
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Figure 07.4

Map of a section of Manaira district (Jodo Pessoa, Brazil), with testing areas marked,
showing accessible FSI within 500m walking distance.
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Findings

The visibility and accessibility maps (see Figure 07.6) show an overview of
the frontage permeability in the testing areas, demonstrating that in all areas
there are many frontages with low visibility. There are also particularities:
area | presents more frontage permeability to private spaces, indicating to
be a more residential stretch. Area 2 is more commercial, since it presents
more frontage permeability to public spaces (retail and services). Areas 5
and 6 are mixed: they present stretches with permeability to residential areas
close to stretches with permeability to public spaces. The graphs that relate
the Visibility and Accessibility Indexes (VI and Al) to the FSI values of
each plot do not demonstrate a statistical correlation between these
variables. However, they record a pattern: in the low and medium densities
(up to approximately FSI=3), the entire range of VI and Al is present. But
at high densities (FSI above 3 to 8), both indexes remain low (see Figure
07.7). This pattern is repeated in the indexes’ comparisons with plot area
and frontage length. It also occurs with the Visibility and Accessibility sub-
indexes for public spaces (VI,, and Alp,) and for private and public spaces
(VIpripu and Alpripu). Therefore, the repeated pattern confirms the hypothesis
that the high-rise residential buildings type, which is being implemented in
the city, causes not only urban densification but also a decrease in frontage
permeability.

Further, there is no statistical correlation between Al and VI, that is,
accessibility and visibility do not necessarily occur together, which confirms
the pertinence of the proposed method in measuring these two variables
separately (see Figure 07.8).

Figure 07.8 also shows that both public-use plots (retail and services) and
those with other uses (housing, underutilization, and no use) present high
and low frontage permeabilities, although in plots with other uses, the low
values predominate. This indicates that the frontages of public-use plots are
not necessarily more permeable; this is confirmed in the two charts in Figure
07.9, which relate number of plots with public uses and other uses to VI and
to Al respectively.
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Maps of the four testing areas, showing the frontages’ visibility and accessibility.
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The chart on the left summarises the relation between the Visibility Indexes and FSI,
plot area, and frontage length values. The chart on the right summarises relation
between the Accessibility Indexes and FSI, plot area, and frontage length values.
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Figure 07.7

Chart with the relation between the Accessibility Index (Al) and the Visibility Index
(VD).

Figure 07.8

On the left, chart with the relation between the Visibility Index and land uses (public
or non-public). On the right, chart with the relation between the Accessibility Index
and land uses (public or non-public).

We found a strong correlation (R?>=0.48) between the Al,, and VI, indexes
(see Figure 07.10), which indicates that, when there is higher visibility for
public spaces, there is also higher accessibility. This data demonstrates how
permeability to public spaces—which tends to simultaneously include
access and visibility—can play an important role in creating conditions for
urban diversity. But the indexes of Alyipe and Vlyip have no strong
correlation (R?>=0,16). These relations (between Al,, and VI, and between
Apripu and Vlyipe), when analysed together, indicate that there is a mismatch
between accessibility and visibility in the frontages of residential spaces.
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Figure 07.9

Chart with correlation (R2=0.48) between Accessibility Index to public spaces and
Visibility Index to public spaces.

The sub-index Al,, (for open access) is always very low in any graph,
demonstrating that open access is rare. In terms of setbacks, they are mostly
used for parking and do not contribute to social interactions.

The moderate correlations between density and plot area (R?=0.22) and
between density and frontage length (R?=0.25) show that there are still
many buildings with high FSI in relatively small or medium plots, and with
low or medium frontage length. Therefore, the hypothesis that the
verticalization type in focus brings about bigger size plots is not confirmed.

Conclusions

The proposed method of measuring the frontage visibility and accessibility
separately proved to be pertinent, since the results confirm that these
variables do not necessarily go together. The results also indicate that
verifying the land use where there is permeability is relevant: the frontages
of public spaces (retail and services) are not always more permeable, but,
when they present higher visibility, there is also higher accessibility, which
does not necessarily happen in private spaces frontages.

The initial results confirm the hypothesis that the increasing densification
model in Brazilian cities with high-rise residential buildings generates a
decrease in the frontages’ permeability, although this model does not appear
to significantly change the plot sizes and the frontages lengths. Therefore,
the dissemination of this building type generates a low interaction between
streets and plots, since it is often surrounded by blind walls with no visibility
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and few access points. Especially when this model is repeated in adjacent
plots and creating a continuity of impermeability. (when these buildings are
built side by side), it generates a poor, desolate, and unsafe urban
environment, without quality, diversity, or the beneficial “eyes on the
street” mentioned by Jacobs.? These for passers-by unattractive urban areas
tend to be empty, lacking urban life.

According to the results, there are also less dense types that have low
frontage permeability. However, these cases commonly have isolated walls,
which can be easily modified or demolished to generate higher
permeability. In high-rise residential buildings, most of the frontages are
semi-underground garages walls that are more permanent structures and
more difficult to modify (see Figure 07.11).

Figure 07.10

Frontages of high-rise residential buildings in Manaira: walls of semi-underground
and ground floor garages.

Furthermore, the pattern of low permeability indexes in plots with longer
frontages indicates a contradiction and a waste of space. Though more linear
meters could be used for higher diversity and more “eyes on the street”, the
opposite occurs.

It is worth stressing the role of urban planning and management in
controlling this lack of frontage permeability. It would be advisable for
urban legislation to establish minimum percentages of frontage permeability.
It would also be pertinent to stimulate the mix and multiplicity of uses,
thereby guaranteeing the presence of public uses, but it should be stressed
that the use is easier to change than the built structure, making formal
permeability an important factor.

The results presented here are preliminary. Other empirical studies need to
be carried out in other districts and in other cities in order to obtain more
complete and representative data, which may lead to more assertive
conclusions. In the next stages of the research, the testing areas will be
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expanded (including another district), and the morphological data will be
related to people co-present in the streets to try to verify the role of each
variable on co-presence and related social processes related.
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THE CENTRALITY
OF (VOCATIONAL-ORIENTED) KNOWLEDGE:
AN ASSESSMENT OF THE LOCATION
OF POLYTECHNIC INSTITUTES IN PORTUGAL®

MAFALDA TOSCANO,
LUisA CANNAS DA SILVA,
TERESA VALSASSINA HEITOR,
REEM SHURUSH

Introduction

The current global context, in which knowledge has assumed a
preponderant development role at multiple levels, has changed the
perceived impact of higher education institutions (HEi). Their social
responsibility and impact on society at large has increased, since access to
higher education has been democratised and the student population has
simultaneously increased and become more diversified worldwide.

Globally, initiatives, such as the Bologna Process and comparable processes,
implied a global simultaneous uniformization, which affected higher
education and impacted not only on student enrolment and the mobility of
students, academics, and staff, but also on educational policies, and
pedagogic methods and strategies. Beside the fact that HEi have been in the
core of change and development—economic, social, and inter-alia—their
role within urban context has changed in order to respond to the third strand
of the university mission—that of civic engagement. Higher education

(M This chapter was previously published in the Special Issue “Formalizing Urban
Methodologies”. Urban Sci. 2018, 2(3), 75;
https://doi.org/10.3390/urbansci2030075.
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institutions are a key element in urban dynamics and policies, and they are
progressively more included in strategic plans and development actions
worldwide. Therefore, it has become significant to understand the extent of the
institutions’ integration within urban territories, for this integration enhances
the institutions’ capacity of fostering connections with its adjacent territories.

In Portugal, particularly, higher education has strongly changed since the
1970s, and it is expected that it will continue to transform and evolve. It
presents a fairly diverse offer in terms of types of higher education
institutions. This diversity is perceived by policymakers as a strong asset,
since it allows for a comprehensive response when it comes to meet the
needs of a diverse range of learners, and of complex knowledge societies'
(p- 34). This diversity is greatly heightened by its organisational system,
which is grounded on a binary structure and which makes universities differ
from polytechnic institutions. Polytechnic institutions differ from universities
in terms of mission, focus, and formative offer. Their focus is mostly
regional, and often their offer in terms of courses and study fields is directly
related to the regional economies in their areas. According to Portuguese
legislation, “polytechnic institutions are high level institutions oriented
towards the creation, transmission, and diffusion of professional type
culture and knowledge, through the articulation of teaching, learning and
oriented research and experimental development™ (Art. 7), and “should
focus on vocational training and advanced technical development,
professionally oriented™ (Art. 3). This binary structure greatly contributes
to the diversification that exists in Portuguese higher education, which is
visible in terms of the student body, the formative offer, and the institutional
profiles, particularly as polytechnic institutions have a very large representation
in terms of enrolment, as they host about 34%® of the total amount of
students.? Besides, polytechnic institutions present a very large potential to
fulfil the third strand mission of higher education for their proximity to
regional contexts and professional-oriented vocation. For these reasons, it
is necessary to understand how these institutions relate with their urban
territories, particularly considering their proximity relations. This paper
focuses on the impact of these relations, as it attempts to understand the
ways higher education institutions can relate to their hosting cities from a
morphological point of view. It aims at exploring the location of polytechnic
institutes within their hosting cities, identifying correspondences and
patterns in different institutions, and considering the potential impact of
these locations in the engagement with the hosting city. Its main goal is to
provide an analysis framework for higher education infrastructures within

@ This number refers to the academic year of 2015/2016.
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urban fabrics, as well as understanding the different types of urban insertion
and connections established with local and regional players.
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Figure 08.1

Polytechnic institutions geographic dispersion in mainland Portugal.
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Methodology

This paper is grounded on an exploratory methodology to access the
centrality features of higher education institutions. It is tested through its
application to the analysis of two case studies: the Polytechnic Institute of
Beja and the Polytechnic Institute of Braganga. It presents a direct
comparison of schools that cover the same field, namely the Agrarian
Schools and Health Schools in both institutions. However, it is intended for
a broad application.

The research is developed at two scales: the first (a) focuses on the location
of the institution in its hosting city, while the second (b) focuses on the depth
of the spaces within the premises of the institution.

For the first stage, Space Syntax techniques® > %78 are used. The cities are
represented through a segment map,’ that operates as a base map for the
analysis. The segment map is a development of the fewest line map (axial
map) defined by Space Syntax theory that considers that the segments
between intersections as elements in themselves, in opposition to axial lines,
which are continuity lines. This map, while providing sufficient geographic
information to allow for a clear identification of the precincts’ location,
performs as base map for angular analysis.'® !! In this analysis, two main
variables are chosen in order to better understand the institutions’ location
within the wurban territory—closeness centrality, accessed through
normalised angular integration, and betweenness centrality, accessed
through normalised angular choice'>—in order to better understand the
potentials of both to-movement and through-movement of the higher
education institutions. This analysis is performed at global (Rn) scale,
considering the full extension of the cities scoped.

The second scale of analysis—the micro scale—focuses on the services the
institution has the potential to offer to its hosting community, through the
spaces that can be used by the non-academic community, in order to access
the institution’s third mission potential. These spaces are evaluated
according to their deepness within the institution’s buildings, through
justified graphs. This methodology allows us to infer the ease of access to
each space of the institutions, and to extrapolate on their perceived
importance through the configuration of the physical spaces. Spaces are
assessed in terms of their relationship to all other spaces, more than in terms
of their physical characteristics.
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Case Studies

Beja and Braganca were chosen as case studies for their local and regional
importance, being the cities hosting polytechnic institutions at the most
southern and northern locations, respectively, within the mainland territory
of Portugal and for the similarities in terms of formative offer. In the context
of these cities, polytechnic institutions have highly contributed for local and
regional development, as they are very important employers in their respective
cities and strong development promoters.

Beja currently hosts about 23.500 inhabitants, spread in approximately 7sq.
km. It is the siege of the Polytechnic Institute since 1979, when the Agrarian
and Education Schools were created. In 1991, the institution’s formative
offer was complemented with the creation of the Technology and
Management School and, finally, the Health School was created in 2002.

Braganca hosts around 24000 inhabitants, spread within the approximately
10sq. km that compose the area of the city. The Polytechnic Institute was
created in 1983 and is nowadays composed of four schools located in
Braganca—Agrarian, Technology and Management, Education, and
Health—and one school located in Mirandela, about 60km from Braganga,
the School of Communication, Administration, and Tourism.

Macro Scale
Segment Analysis

The two cities present very different urban fabric structures, which is
highlighted by their segment map configurations. Beja’s urban fabric shows
a grid overlaying a radial structure (Figure 08.2). Braganca, on the other
hand, presents an organic layout (Figure 08.3). Braganca shows more than
twice the number of axial lines than Beja, and about 1,7 times the number
of segment lines. This demonstrates that, besides its larger size, its structure
is also more fragmented than Beja—a fact that is underlined by a lower ratio
between axial and segment lines. This fact is also verified by comparing the
average line length, of 143m in Bragan¢a (where the maximum line length
is roughly 1.400m), and of 160m in Beja (where the maximum line length
is about 2000m).
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Figure 08.2

Beja axial map.

Figure 08.3
Braganga axial map.

These structural features of the cities justify the fact that Braganca presents
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lower values for normalised angular integration (NAIN) than those
observed in Beja, despite its larger size and higher number of both axial and
segment lines. In terms of normalised angular choice (NACH), both cities
present similar behaviour. The location of the Polytechnic Institutes differs
in both cities. Despite the fact that both precincts are considered inner
precincts,'? there are some differences between them. In Beja, the precinct
is located at the edge of the urban fabric, but still included within the city’s
external ring. In Braganca, the precinct is located within the fabric in a
relatively central position in geographical terms. However, despite the
geographic location within the cities’ respective boundaries, in terms of
topological centrality, the results are very different.

Legend
1PBea
Beja Aol
0.3742 - 04667

Figure 08.4

Beja segment map: NAIN Rn.
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Figure 08.5
Braganga segment map: NAIN Rn.

In Beja, the integration core overlaps with the central ring (Figure 08.4),
which demonstrates the importance of the radial structure of the city. The
Polytechnic schools are grounded on the exterior ring, but are still connected
to the integration core, due to the small dimension of the city.

In Braganga, the integration core presents a more fragmented structure,
which is grounded on the topography of the city. The polytechnic is located
in close proximity, south from the city. As such, in both cases, the
polytechnic institution does not have the potential to constitute a destination
in terms of to-movement in random travels, as far as the system
configuration is concerned.

When comparing the urban fabric within the precinct’s boundaries, analysed
through the values presented by the segment lines that are inscribed within
the precinct, we observe slightly higher values of average NAIN in both
cases when referenced to the same variable at the city scale. Similarly, in
both precincts the main access to the precinct—considering the street in
which the main entrance is located—shows a NAIN value above the average
of the city, and also slightly above the average of the precinct.
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Figure 08.6
Beja segment map: NACH analysis.

The analysis of NACH highlights that the foreground network'# of Beja is
the radial structure that defines the city. The precinct is located in close
proximity with this structure; however, it is composed of and part of the
background network of the city. A similar situation occurs in Braganga,
where the foreground network is more fragmented and organic, but still
roots the polytechnic schools, whose fabric is also part of the background
network.

Considering through-movement potential, the Polytechnic Institute of Beja
presents a better behaviour than its homonym in Braganga, due to the higher
value of NACH of its main access, which is located in a street segment that
has the potential to be highly used in random travels through the city.
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Chapter Eight

Braganga segment map: NACH analysis.

As we can observe in Chart 08.1, Braganga shows the lower minimum,
average and maximum values of NAIN. The assessment of NACH shows
the cities present very close maximum values, and also similar average
values, that fit into the reference values obtained by Hillier, Yang, and

Turner.'?
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Segment Analysis
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Chart 08.1
Segment analysis summary.

The analysis shows that the polytechnic institutions examined present low
values of integration (closeness centrality) which means they have a low
potential of becoming to-destinations within their hosting cities. This
situation is balanced with the higher values of normalised angular choice
(betweenness centrality), especially if considering solely the main entrance
of the precinct as a reference, which demonstrate that, in both cases, but
more visibly in Beja, the Polytechnic Institutes have the potential to be used
in through-movement travels throughout the city. Despite the fact that this
feature enhances the precincts visibility, the Polytechnic Institutions
examined in this paper are still limited by their spatial configuration in terms
of promoting serendipitous encounters when it comes to academic-external
community relationships, since spatial configuration plays key role in
enabling and promoting encounters and social interaction.® ® !°
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Micro-Scale
Functional Analysis

In order to complement the macro scale analysis, two schools of each
institution were assessed in terms of functional and spatial organisation.

oy
)

X

Figure 08.8

Precincts of the Polytechnic Institute of Beja and the Polytechnic Institute of
Braganga.

Justified graphs (V-E) were made for each school, based on the plans
provided by the respective polytechnics, identifying the links between the
different spaces. These aim at providing a general characterisation of the
organisation layouts of each school, as well as identifying the levels of
deepness of different functional spaces. In the scope of this paper and its
attempt to investigating the potential level of community engagement in
Polytechnic institutions, the focus is placed upon the spaces whose
functional offer can be shared with the community, rather than on
exclusively academic areas. As such, the following categories were used for
the classification of areas: learning spaces, research spaces, administrative
spaces, technical areas, circulation areas, accesses, areas with exterior
access, auditorium, library, and café. From these, auditoriums, libraries, and
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cafes were highlighted as the ones that were more prone to promote
diversification of users, social interactions, and contribute more towards
community engagement.

In each graph, a general exterior point of access was considered, from which
all building entrances are connected. This places all entrances at the same
accessibility level, assuming each user chooses the entrance nearest to the
spaces he wants to reach. Access between floors (vertical circulation) was
represented with curved lines, so as to differentiate them from other links.
Each accessibility level corresponds to the number of spaces one must go
through in order to reach a destination.
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Figure 08.9

Aveas with extrior ccess

Justified graph of the Agrarian and Health Schools, IPBeja and IPBraganga.
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The Agrarian School of Beja is divided into two independent buildings: one
that houses the administrative spaces, research spaces, classrooms,
laboratories and café; and another housing the auditorium, classrooms and
laboratories.
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The first building, that corresponds to the areas identified on the left-hand
side of the graph, presents a very clear structure, grounded on the circulation
areas, from where it is possible to reach most spaces within the building. It
presents a maximum 6 step distance range from the exterior, and areas are
distributed similarly among different deepness ranges, apart from the
administrative areas, clustered on a highly accessible area. The second
building, despite having a different circulation structure, with less clear
distribution areas, is one level shallower in terms of global structure than
the previous and shows less dispersion of functions. All spaces used by the
academic community are located within a 4-step distance reach, and the
building presents a maximum S-step distance range from the exterior, but
this maximum distance spaces consist only of technical areas. As a
consequence, the perception of the users is of a shallower building.

In terms of functional area prone to be used by the external community, the
café is located at the third level of deepness on the ground floor of the first
building and the auditorium is at the fourth level of deepness on the first
floor of the second building.

The Agrarian School of Braganga stands out for the variation of heights in
the terrain and the fact that all floors have outside access. This fact is highly
visible in the graph, which presents a structure strongly grounded on the
spaces that have access to the exterior, rather than on inner circulation and
distribution areas. The graph structure is overall less deep than in the
Agrarian School of Beja, although also less clear and seemingly less
organised. The functional distribution, however, is similar, with a balanced
distribution of spaces among the 5-step distance deepness levels.

There are three auditoriums directly accessible from the entrance, at the
second level of accessibility. The café and the library are on the same floor
at the second and third accessibility levels respectively. This school houses
the European Information Centre of Braganca, Europe Direct, at the second
accessibility level.

Comparing both schools, it is perceptible that the Agrarian School of Beja
presents a clear and hierarchic structure, that emphasises learning spaces
and offices. On the other hand, the Agrarian School of Braganca shows a
more organic structure, from which it is not easy to identify a circulation
pattern, but enables almost immediate accessibility to most functions, and
concentrates all functional area that can have a shared use at a very shallow
level from the entrance.
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Similarly, to what was verified in the case of the Agrarian School of Beja,
the Health School also presents a very hierarchical structure, with a very
clear demarcation of functional areas. The school distributes along two
wards, and most spaces are grounded on circulation spaces which are
parallel to the main fagade. The whole building presents a maximum of 5-
step distance range, with a shallower structure than the agrarian school. This
maximum deepness includes all the research areas and laboratories. The
public areas considered, the café and the auditorium, are both located at the
entrance floor, within a 4-step distance range from it.

The Health School of Braganga presents a more complex structure, marked
by height differences within the same floor, which creates a broader range
of deep areas within floors, especially at the ground floor and basement
levels. On the upper floor, the distribution of spaces is grounded on
circulation spaces as it happens in the Health School of Beja, and similarly,
the deepest spaces within the school are research areas and laboratories.
Public areas, such as the café and auditorium are located at the main
entrance floor, however not occupying the shallower spaces (i.e. the easiest
to reach). The library, on the other hand, is highly reachable, being accessed
from within the building but also directly from the exterior.

It is noteworthy that the lowest values of centrality showed in Braganca
when analysing the precinct at the macro-scale of the city are reversed at
the micro-scale. It also becomes visible that the most public areas, and the
ones with more potential to be used by exterior users are all placed on the
ground floor.

Conclusions

This paper highlights the pertinence of vocational oriented knowledge
infrastructure in the context of the binary higher education system currently
present in Portugal. It argues that the physical location of polytechnic
institutes is a key factor in promoting their integration, which is a vital
aspect due to their local and regional impact. Since “the learning campus is
one that maximises the probability of chance encounters, and encourages
lingering once an encounter—whether by chance or by plan—takes place”'®
(p- 39) efforts should be put into creating opportunities for serendipitous
encounters for the academic and the civic community, on both the city and
the precinct scales.

This paper aims at providing a methodology for general characterisation of
regionally oriented higher education institutions in terms of their location
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within urban systems, but also as far as the spatial organisation of the
institutions is concerned. In this sense, its conclusions rely mostly on the
adequacy of the assessment tool rather than on the conclusions of the
analysis, which comprehends just two case studies and, for that reason, does
not allow for any extrapolation of the results. However, despite its small
sample, this analysis raises the question of spatial integration both at the city
and the institution scales, and demonstrates that these should be
complementary, and jointly thought of during the design process leading to
the implementation of a higher education precinct.

The macro-scale analysis creates a framework for analysing both the city’s
structure and the location of the higher education institutions in this
structure by anticipating engagement levels and movement potentials. It
allows us to inform the design process at several scales, from the urban
planning process of the precincts to each building. It also provides an
understanding of what features can be significant in view of the movement
potentials achieved in the precinct.

The micro-scale analysis allows us to understand the relative importance
given to each space within the precinct. It informs about the general
configuration of each building, accessibility levels, easiness in reach each
individual space, and circulation systems. It also allows us to infer on the
character of each institution, through the closeness or openness of its spaces.
This methodology has demonstrated positive results; however, it still needs
to be tester on a broader selection of cases. Future developments will include
its vaster application in order to obtain clearer results on the integration
features of higher education institutions, specifically considering the
connections between the two scales of analysis.
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OTHER METHODOLOGIES IN URBAN
STUDIES
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CHAPTER NINE

POTENTIALITY ANALYSIS
FOR URBAN PLANNING

RUDI STOUFFS, PATRICK JANSSEN, YE ZHANG

Introduction

Long-term urban planning is eminently difficult and complex. In Singapore,
urban planning is a highly centralised government function, with the Urban
Redevelopment Authority (URA) being the designated national land use
planning authority'. In collaboration with relevant government agencies and
public consultation, URA develops a Concept Plan covering strategic land
use and transportation and providing broad directions to guide Singapore’s
physical development over the next 40 to 50 years.? This Concept Plan is
reviewed every 10 years; the latest review was carried out in 2011-13 and
led to the release of the Land Use Plan 2030 by the Ministry of National
Development (MND).The latter is a conceptual plan outlining strategies to
provide the physical capacity to sustain a high quality living environment
for a projected population range of 6.5 to 6.9 million by 2030° (which
currently stands at 5.61 million as of June 2017%).The broad long-term
strategies of the Concept Plan are also translated into the Master Plan, a
statutory land-use plan that specifies permissible land use and densities, and
guides the physical development of Singapore over the next 10 to 15 years.!
This Master Plan is reviewed about every five years; the latest version dates
from 2014 (Figure 09.1).

The Concept Plan ensures that there is sufficient land to support long-term
population and economic growth while maintaining a good living
environment, balancing housing, industry, commerce, parks, transport,
defence and community facilities'. Strategies to sustain a high-quality living
environment include: providing good affordable homes with a full range of
amenities; integrating greenery into the living environment; providing
greater mobility with enhanced transport connectivity; sustaining a vibrant
economy with good jobs; and ensuring room for growth and a good living
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environment in future.”> One possible area for future growth is the Jurong
Industrial Estate (JIE), a mono-functional industrial estate incorporating
about 4000ha in the west of Singapore. While future developments of public
transportation already guarantee improved accessibility to the JIE, the
current Master Plan assigns almost exclusively industrial land use (Figure
09.2). JIE is managed by JTC Corporation, Singapore’s largest developer of
industrial lands. With collaboration from JTC’s Urban Planning
Department, we adopt JIE as a case study for an urban potentiality analysis
with the aim to generate planning scenarios and their argumentation. Our
hypothetical assumption for this case study is to convert this almost mono-
functional, segregated and fragmented, highly polluted industrial area by
2050 into a major catchment area for future population growth that
integrates clean(ed) industrial plants with green lungs, attractive housing
and vibrant urbanity for up to one million people to live, work and play.

Figure 09.1

The URA (Urban Redevelopment Authority) Master Plan 2014.
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Figure 09.2

The Jurong Industrial Estate in the west of Singapore. Land use categories are taken
from the URA Master Plan 2014.

JIE is currently served by one expressway and one Mass Rapid Transit
(MRT) line, both running east to west through JIE and linking JIE with
Singapore’s Central Business District and beyond, as well as one
expressway and one MRT line heading north. In addition, two future MRT
lines serving JIE are in the planning phase and scheduled to open in 20253
and 2030.° The entire estate is mainly flat with only one hill of significance,
the Jurong Hill, which, next to a recreational park, also sports the Jurong
Bird Park, Asia’s largest avian wildlife park and the only tourist attraction
within JIE. However, the bird park is slated to move to the Mandai Project
development elsewhere in Singapore. Obviously, time-dependent issues
exacerbate the development of planning scenarios. Land lease ends of
current industrial occupants, health and safety buffers relating to existing
industrial plants, planned land reclamation and rapid transit developments
are still rather straightforward to address as these are well known to the
planners. However, other future changes may be largely unknown or at best
undecided, including additional land reclamation and further transport
network developments, such as the bus network responding to changes in
land use, demographics, density, etc. Ideally, scenarios should also take into
account issues of liveability and vibrancy, including presence of parks,
industry, road traffic exposure, various interdependencies between these
and other factors, etc.
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The difficulty and complexity of urban planning for the longer-term is not
a hindrance to the planning process per se but does affect the efficiency and
productivity of the planning process and the ability to conceive and consider
sufficient variants in order to gain confidence in the ultimate value of the
urban plans and scenarios developed. It is in this context that we are
supporting JTC’s Urban Planning Department to computationally generate
planning scenarios for the conversion of JIE into a mixed-use urban
environment. In this paper, we report on the methodology we have
developed to identify the potential for urban nodes within JIE as well as
related analyses. Urban nodes are here considered as locations for the
development of high-density urban neighbourhoods that are attractive for
people to live, work, and play.

Methodology

At the large scale, the focus is on identifying the potential for urban nodes
within JIE. This potential is influenced by a number of aspects relating to
plots and their environment, such as plots’ lease ends, health and safety
buffers relating to other plots or transport lines that impact the plot in
question, accessibility to public transportation, presence of green spaces and
waterbodies, exposure to traffic noise, and proximity to industry of various
categories. The main approach is a grid-based analysis of the area using GIS
data and software (QGIS) over a range of criteria and aggregating these
analyses in a hierarchical manner, specifying weights at each level where
these weights can be identified as parameters to be adjusted by the planners.

For the urban potentiality analysis, we use an analysis grid rather than plots,
as plots may be combined or divided, local (Cat. 5) and primary (Cat. 4)
access roads may be added, retraced or even removed, canals may be dug,
land set aside for future green or land may be reclaimed from the sea or
other waterbodies. We have settled on a 30m x 30m grid, which is small
enough for detailed analyses, at the overall scale of JIE or, approximately,
even at the level of a single plot or plots, but not too small so as to make the
computation process not too heavy. It is also the same resolution as, among
others, Landsat 7 satellite images and the United States Geological Survey
(USGS) ground cover map. We have adjusted the analysis grid by adding
any anticipated reclaimed lands, subtracting expressways (Cat. 1) and major
(Cat. 2) and minor (Cat. 3) arterial roads, and subtracting non-industrial land
use. At the north-eastern border of JIE are some areas already classified as
residential, commercial, or other non-industrial use, and developed as such.
As a result of these adjustments, not all grid cells have the same shape or
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size. However, this does not significantly impact the analysis process.

We are basically adopting a location choice approach,’ considering 1) land
availability, 2) accessibility to transit, 3) presence of parks, 4) presence of
industry and 5) traffic noise exposure. Though other relevant factors can be
identified or considered, our selection has been mainly driven by data
availability. Nevertheless, we acknowledge the limitations of our selection
and we have been investigating other factors for future inclusion, such as
diversity land use mix and regional accessibility. However, more important
than being complete in our analysis is to support JTC’s urban planners in
developing acceptable scenarios or providing arguments to have these
scenarios accepted by higher management. As such, we need to balance
research and practice, informing our approach from research but adhering
to a practical aim.

Land Availability

Land availability is affected by land leases, appropriation of land for other
than industrial purposes, land reclamation and health and safety buffers. In
Singapore’s latest Master Plan, dating from 2014, most of the land within
JIE is assigned as property type Business 2 (B2) for general (as well as light)
industrial use (Figure 09.2). A small portion of JIE is assigned different
property types, including residential, commercial, park, waterbody, civic &
community institution, utility, reserve and special use. For the sake of the
case study, we accept all other property types as fixed and limit the
generation of planning scenarios to land currently assigned as B2 (and B1),
as this is the land currently managed by JTC, while considering adjacency
relationships to other land with different property types.

As industrial use is acknowledged to cause noise and smell nuisance, B2
assumes a nuisance buffer of 100m, that is, no residential (or similar)
developments can take place within a 100m distance from a B2 property
type. This condition is commonly resolved by separating both uses by a
major or minor arterial road that is sufficiently wide. In addition, industries
may be required to implement nuisance controls to ensure the 100m buffer
is sufficient. Next to nuisance buffers, specific industries may require health
and safety buffers to be imposed. Health buffers are mainly related to
industries with exhaust fumes from incineration or other industrial
processes and result in height restrictions to ensure no developments exceed
the height of the exhaust within the stated buffer. Safety buffers, on the other
hand, relate to the risk of hazards or incidents that may affect a larger area,
such as explosions or the accidental release of toxic chemicals. Safety
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buffers will be imposed based on risk and impact assessment, but may be
updated after a specific incident demonstrated the need for a larger buffer.
In principle, safety buffers must be entirely contained within the plot
assigned to the industry. Safety buffers can be related to lease ends, because
the buffer would disappear once the industry has ended its operations or has
moved elsewhere.

Finally, land reclamation is treated similar to land leases with the date of
completion of the reclamation activity as the lease end date. The current
property type, before land reclamation is completed, is considered as
Waterbody. Future appropriation of land for other than industrial purposes,
e.g., future green or waterbodies that are being conceived as part of the
scenario development, can be treated oppositely, with a start date for the
appropriation and a future property type, after the appropriation. In the
analysis of urban potentiality, however, we consider these lands as not
available.

In principle, land availability is measured at a point in time. However, for
the sake of assessing urban potentiality, we are adopting an analysis over
time, using a sigmoid function to transform a point in time into a value
between 0 and 1, where 0 means no availability at all and 1 means
immediate availability. Because 2050 is considered as the target date, we
consider 2050 as the inflection point (Figure 09.3) and 2010-90 as the
primary range (all current lease ends predate 2070) for the sigmoid curve.
When applied to lease ends, any lease ending before 2050 will result in a
value greater than 0.5, while any lease ending after 2050 will result in a
value less than 0.5. We apply this analysis to lease ends as well as to safety
buffers, acknowledging that safety buffers relating to plots are also bound
by these plots’ lease ends. Overall, land availability is considered impacted
by lease ends and safety buffers ending in time. The final value for land
availability is determined as the minimum of the values of either analysis,
as both should be read as restricting availability.
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The sigmoid function transforming points in time into the range 0 to 1 (source:
fooplot.com).

Accessibility to Transit

Transit planners generally consider a walkable distance of 400m. However,
studies on average walking distances in different cities have resulted in
varying averages and correlations between walking distances (to bus stops)
and the percentage of people (transit users) walking at least this distance. A
survey study conducted in Singapore revealed an average walking distance
of 187m to bus stops, 226m to Light Rail Transit (LRT) stations and 608m
to MRT stations®. While these distances are measured over actual
walkways, in the context of future urban developments, we must instead use
straight-line distances and reduce these averages accordingly. We adopt the
assumption that in a porous area or over a well-connected grid, the straight-
line distance may be about 80% of the actual walking distance. Furthermore,
we omit the distinction between bus stops and LRT stations and use curve-
fitting to deduce a function that can transform distances into accessibility
values between 0 and 1. Simplifying the exponent values in the functions,
we arrived at a general function of probability=1/(1+(distance/average)*3)
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with an average walking distance for bus stops of 150m and for MRT
stations of 450m (Figure 09.4).
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Figure 09.4

A comparison of the adopted function (highlighted in orange) transforming distances
to bus stops into probabilities within the range 0 to 1, with fitted curves derived from
two Singapore studies: an NTU-LTA study® and an FCL-URA study®. Note that the
latter is a general walkability study conducted in the CBD (source: fooplot.com).

Overall, accessibility to transit is a combination of accessibility to pick-
up/drop-off points for different modes of public transportation. Here, we
distinguish between trunk buses and feeder buses and acknowledge a
preference of MRT over trunk and feeder buses, beyond the distinction in
average walking distance. Therefore, we are adopting weights of 1, 0.75 and
0.5, for MRT, trunk buses and feeder buses respectively, with the final value
for accessibility to transit as the maximum of all three values when
multiplied by the respective weights. We acknowledge that these weights
may seem rather arbitrary, however, we consider them as mere parameters
that could be adjusted by the planner in an exploratory manner. In addition,
we try to take into account future MRT lines, even if the location of the lines
and stations is not yet known. Making appropriate assumptions, we
distinguish projected MRT lines from existing lines and take into account
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the projected development timeframe and reduce the value at the ration of
the number of years until operation over the number of years until about
2080 (considering 2050 as the half-way point between now and approximately
2080).

Presence of Green Spaces (and Waterbodies)

As is common in a location choice approach’, we consider both the
accessibility and the area of green spaces in the analysis. Walkable distance
to parks generally depends on quality and amenities. As JIE currently
contains very few green spaces and any existing parks will likely be
redeveloped, we consider a conservative measure of accessibility by
adopting the same 150m radius for (projected) green spaces as we have done
for bus stops.

For areal measurement, we consider a well-connected neighbourhood as the
basis with an 800m walking distance or a 640m radius, and measure the
total green area within this neighbourhood. Once again, we adopt a sigmoid
function to normalise the area within the range of 0 and 1. With a few
exceptions, most large recreational parks in Singapore have an area of
around 0.5km? to 0.6km?. Tentative plans for the development of new or
expanded green spaces within JIE corroborate this result. As such, we have
selected 0.25km? as the inflection point of the sigmoid curve. Note that the
total area of a neighbourhood with 640m radius is almost 1.29km?.

Projected green spaces may include both recreational parks and stretches of
greenery, the latter lining up selected coastlines, river banks, existing or
projected canals, and minor arterial roads. For this reason, we take both
parks and greenery into account with respect to accessibility, while only the
former contributes to the areal analysis. As such, when combining both
analyses under a weighted sum, the greenery will play a minor role with
respect to the parks. As a default, we consider a 50/50 weighing of
accessibility and area of green spaces, though these weights can be easily
adapted by the planners.

While the same analysis may apply to waterbodies, very few waterbodies in
JIE are accessible to the public. Most of the coastline is not and while some
parts may be considered to be made accessible and be lined with greenery,
most of the coastline is anticipated to remain industrial. Rivers and canals
may similarly be projected to become accessible and be lined with greenery,
while other waterbodies within or near JIE already form part of a park or
are projected to be integrated into a park. As greenery is already considered
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as part of the green spaces’ analysis, we omit a similar analysis of accessible
waterbodies. Only for other kinds of analysis processes, such as industrial
land sourcing, do we consider proximity to the industrial coastline as a
potentially contributing factor.

Presence of Industry

The presence of industry is commonly considered to negatively impact
residential location choice’. Next to the share of industrial land use within
the neighbourhood, the proximity of industry may also be considered in this
assessment. It is well known in Singapore that people prefer not to live
within visual proximity of industrial buildings. While the visual recognition
of their industrial character and their aesthetics may play a role, and thus
may allow for some alleviation through design, it remains important to
consider their presence as an influencing factor. Considering that a 100m
nuisance buffer is commonly established by the dividing presence of an
arterial road, we may consider a distance of at least 300m through the
adoption of a sigmoid function with inflection point at 150m. In addition,
we can apply the same areal analysis for industry as for green spaces,
obviously with an opposite impact.

When focusing on identifying potential urban nodes, we actually omit the
presence of industry and refer instead to the land availability analysis. While
the presence of industry with respect to land availability does not impact the
surrounding area, except in the case of safety buffers, the cumulative,
aggregate urban potential over a “neighbourhood” with 640m radius (see
section 1.6) does expand the impact of present industry over its surrounding
area.

Exposure to Traffic Noise

Another negative impact is exposure to traffic noise. As it is very hard to
anticipate the impact on traffic volume as a result of urban developments in
JIE, we are mainly concerned about the expressway running through the
estate. Lau er al.'” report on a road traffic noise study conducted for the
same expressway though at a point outside of JIE. Measuring hourly traffic
flows, % of heavy vehicles and mean traffic speed from 6:00 until 24:00,
they used the commonly adopted CRTN method to predict an L10(18h)
level of 73.5 dBA. In addition, they measured the road traffic noise level at
15m from the nearside edge of the road and 1.2m above the ground,
resulting in an L10(18h) level of 70.0 dBA. Additionally, we should note
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that at the measuring location, the expressway is an 8-lane city-level
highway with heavy traffic flows, including commuter traffic (% of heavy
vehicles measured reached a highest value of 24.6 (14:00) and a lowest
value of 13.3% (23:00)). Instead, throughout JIE, the expressway is mostly
a 6-lane highway either at ground level or at overpass level, with much
fewer commuter traffic and, thus, a higher percentage of heavy vehicles. As
such, we consider the measured value of 70 dBA as guiding. Using a
predictive tool!!, we approximated the expected distance for a reduced noise
level of 50 dBA at about 340m. Considering that further reductions of the
noise level require ever larger distances, we selected 340m as the half-way
point (y=0.5) and a low exponent of 1.1 (Figure 09.5).
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Figure 09.5

The adopted function transforming distances to the expressway within the range 0
to 1, guided by measured and predicted noise levels (source: fooplot.com).

Aggregate Analysis

To determine urban potential, we first consider the aggregation of four of
the five aspects considered above: land availability, accessibility to transit,
presence of green spaces and exposure to traffic noise. The aggregation is
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achieved by summing the weighted outcomes of these four analyses (Figure
09.6 and 09,7). The actual weights should be considered as parameters for
the planner to play with.
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Figure 09.6

The aggregate analysis for urban potential. The respective weights should be
considered as parameters for the planner to play with.

Urban nodes necessarily need a critical mass. For this reason, we
additionally compute for each grid cell a normalised cumulative urban
potential over a “neighbourhood” with 640m radius about the grid cell. This
accumulation will favour areas with consistently high values, rather than
peak values surrounded by much lower urban potential. In order to
normalise the result, we can divide the cumulative urban potential value by
the summed area of all grid cells within the neighbourhood. Unfortunately,
this favours smaller boundary areas which may include a relatively higher
number of near-peak values. For this reason, we consider dividing the
cumulative urban potential value by the weighted sum of, on the one hand,
the actual neighbourhood area as the summed area of all grid cells and, on
the other hand, the maximum neighbourhood area, © * 6402. Using weights
of 2/3 and 1/3, respectively, presented us with a more balanced result.

Discussion

From the cumulative urban potential, urban nodes could be selected
automatically as centred on cells with the highest cumulative urban potential
values. The size of the urban node or growth area could subsequently be
deduced from the aggregate urban potential through sampling. However, as
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urban nodes should be some minimum distance apart, selecting urban nodes
would be an iterative process of selecting the highest cumulative value,
determining, the radius of the urban node from the landscape of aggregate
values, then excluding a buffer area (with a minimum radius of twice the
radius of the urban node), before selecting another node, etc. However, we
argue that this selection process should not be automated and should,
instead, be left to the urban planners, based on both the aggregate and
cumulative urban potential, any other information generated from the
methodology here described and, of course, other information the urban
planners may deem relevant or appropriate. In this light, the automated
quantitative approach can be used as an exploratory means to identify urban
potential and understand the impact of the different aspects with respect to
this potential, and as a providing some objective underpinning that can serve
as arguments to support the decision-making process on the location of
urban nodes.
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Figure 09.7
The result from the aggregate analysis for urban potential.

Once the selection of urban nodes has been made, this selection, in turn,
serves to guide the land use and density planning that will serve to influence
the future Master Plan. The computational support to this planning process
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will follow a similar approach of location choice and aggregate analysis,
although the analyses will be time dependent and differ both in the analyses,
including urban catchment, and the aggregation.

Conclusions

We have presented a methodology for computational analysis of the
potential for the development of urban nodes within an industrial estate in
order to transform the estate into a major catchment area for future
population growth. We adopted a location choice approach, considering
land availability, accessibility to transit, presence of parks, presence of
industry and traffic noise exposure as influencing factors. The aggregation
of the analyses is considered as a weighted sum, with the potential for the
urban planners adopting the methodology to play with the weights. The
selection of urban nodes proceeds from a normalised cumulative urban
potential calculated over a neighbourhood area.
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CHAPTER TEN

CIRCUMSTANCES GENERATE THE FORM:
ORIGIN AND EVOLUTION OF THE HOSPITAL
PAVILION TYPOLOGY

SERGIO MENDES

Introduction

In this paper we try to analyse the origin and the evolution of the typology
of the pavilion hospitals, a very efficient typology, not only to solve the
problems that led to its emergence, but also because it is versatile enough to
have been used in buildings with other functions over time, specifically in
various universities that we present in the second chapter. Instead, we
display the plans of the buildings, we chose to present schemes without
scale, drawn by the author, since they clarify the issues we wish to
emphasise, which are the way the pavilions relate to each other and how
they relate to the main circulation zones. Schemes shall be interpreted from
the legend shown in Figure 10.1. It should be noted that, in these schemes,
we tried to simplify the representation of buildings, eliminating those that
stand out from the main building, to point out the aspects that seem most
important. The plans of the buildings themselves can be found from the links
in the bibliography. We also warn that we have only studied orthogonal
hospital pavilions, excluding those of other types, namely the cruciform
type, because this typology was not generally applied in buildings with
functions other than hospitals and prisons, and even these, only in specific
periods.
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Figure 10.1

Black line: building boundary
Continuous red line: main interior circulation zones.
Discontinuous red line: covered main exterior circulation zones.

Origin of the Hospital Pavilion Typology

In 1772 it burned the Hotel-Dieu, the medieval hospital with worse
reputation of Paris.'™ At that time, the conditions of hygiene and basic
medical and sanitary care of the hospitals of this city were terrible, being
ordinary join patients with beggars, orphans, and the blind. The fire
generated the opportunity to discuss how the new hospitals should be built?.
An important contribution to this discussion was the publication, in 1788,
of the Mémoires sur les Hopitaux de Paris, by M. Tenon (1724/1816), a
distinguished surgeon and member of the Societé de L’ Ecole de Médicine
of Paris, where he reported the terrible conditions to which the patients were
subject at Hotel-Dieu,® raising the hypothesis of dismemberment of
hospitals and separation of patients.® This publication was partly the result
of a visit to a number of hospitals, particularly in the UK, of a French
commission consisting of Tenon himself and his colleague Charles-
Augustin de Coulomb (1736/1806) who moved in 1787, to this country, to
visit these institutions. This commission, created in 1777, also opened a
public architectural competition, having received numerous proposals.*

Thomas Markus, in his treatise Buildings & Power, said that a building,
which pleased the commission during his visit to the UK, was the Royal
Naval Hospital of Stonehouse (1756—64), in Plymouth, designed by the
architect and military Alexander Rowehead’. In fact, at the time, there was
already the conviction that the causes for high mortality at the Hétel-Dieu
Hospital were the lack of ventilation of the building, aggravating the spread
of contagious diseases.'® The Royal Naval Hospital of Stonehouse seemed,

! The Hétel-Dieu in Paris was a non-specialised medieval hospital. At the end of the
Middle Ages, it had approximately 450 beds and 1280 patients, meaning that there
were, on average, three patients per bed, without discrimination of type of disease.
The mortality, as can be estimated, was enormous.

2 Pevsner, N. Historia de las Tipologias Arquitectonicas, op. cit., p. 180. In fact, the
simple conditions in which patients remained in this hospital were more than
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given its typology, to solve this problem. This hospital forms a U-shaped
complex, partially enclosed at the end where the quadrangle is accessed,
with a church and ten pavilions with three floors, interspersed with four
smaller ones and joined by a covered outdoor gallery (Figure 10.2).

3L H

Figure 10.2
Schematic diagram of the Royal Naval Hospital of Stonehouse.

As can be seen, the typology of this hospital allowed solving several
problems. At the origin of his layout was surely, as Markus® points out,
Rowehead’s military training. Like tents in a military camp, this hospital
was organised in pavilions separated from each other, although united by
the outer gallery, thus avoiding the spread of contagious diseases and
ensuring an adequate ventilation between the buildings. Also, among the
projects received in the competition launched by the commission was one
that followed the same principle, although the pavilions were arranged
differently. It was the design of Jean-Baptiste Le Roy (from 1777, though
only published in 1789), which featured a U-shaped solution containing on
each side eleven large pavilions (Figure 10.3). Particularly interesting was
the justification set out in the project description. In this, Le Roy referred to

sufficient for mortality to reach the very high numbers that Pevsner reports from
various authors. In addition to the lack of hygiene and health conditions already
mentioned, and to live an average of three patients in each bed, without
discrimination of disease, there were situations that were absurd. In the operating
rooms, for example, the patients who were to be operated on the next day, those who
were going to be operated on that day, and those who had been operated on the day
before, went out together.
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rooms arranged as tents in a field, totally isolated and surrounded by
permanently renewed air.’

A0 00

Figure 10.3

Schematic diagram of Le Roy project for a hospital.
Note: Main circulation zones are not indicated because they are not clearly visible
in the project to which we have had access.

Although it was a utopian project and had a very classical composition, this
project immediately raised the hypothesis of systematising the layout of the
pavilions, being an important precedent for what became one of the
typologies adopted in pavilion hospitals.

It is not surprising that a proposal for a hospital (1788), designed by Bernard
Poyet (1743/1829) and by M. Tenon himself that, although it was conceived
isolated and enclosed in itself, it somehow condensed the idea of what
should be, for these authors, a pavilion hospital (Figure 10.4).
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Figure 10.4
Schematic diagram of Poyet and Tenon project for a hospital.

The first hospital pavilion built in France, after the second cholera pandemic
in Paris, was the Lariboisiére Hospital (1839/54), designed by Martin-
Pierre Gauthier (1790/1855): “a complex whose typology derives directly
from the Poyet and Tenon project, with a large central courtyard, around
which is the corridor that gives access to all the pavilions, organised
perpendicular to this”® (Figure 10.5). The hallway has a single floor, and the
pavilions are three stories high.
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Figure 10.5
Schematic diagram of the Satterlee General Hospital plan.

The schemes of organisation of the plants we have seen so far are similar.
The central quadrangle confers dignity to the complex and ensures the
illumination of the main circulation areas, which develop around it. The
buildings are perpendicular to the quadrangle, ensuring efficient lighting
and ventilation of the pavilions.

Evolution of the Typology of Pavilion Hospitals

In the context of the American Civil War, it was built in 1862 by the Army,
in Philadelphia, under the guidance of Dr. Isaac Israel Hayes (1832/1881),
the largest hospital to receive the wounded from the war, the Satterlee
General Hospital, which had more than seventeen thousand beds, in
pavilions mostly on a single floor. The typology used, based on the scheme
of the pavilion hospitals that we have seen before, shows that, in case of
need and smallness of the available land, it is possible to profit from the
occupation of the soil, here taken to a great extreme, as can be seen in the
scheme represented in Figure 10.6.7
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Figure 10.6
Diagram of the Judiciary Square Hospital plant.

In 1861, before the construction of the Satterlee General Hospital, the
United States Sanitary Commission, always in the context of the American
Civil War, had already suggested to the government the construction of
pavilion hospitals to receive the sick and wounded. One of the first hospitals
built on this principle was the Judiciary Square Hospital (1862/65), in
Washington (Figure 10.7). The main problem of this hospital was the
ventilation that proved to be insufficient, largely due to the fact that it is a
compact building, mostly of a single floor, joined by a central corridor,
which made it difficult to isolate patients, leading to the spread of diseases.®
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Figure 10.7

Diagram of the Herbert Hospital plant.

EBSCChost - printed on 2/8/2023 10:39 AMvia . All use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

170 Chapter Ten

As you can see, this is a variant of the scheme of buildings we have seen so
far. We can thus designate the first typology presented by pavilion hospital
in double band (PHDB) and that of the Judiciary Square Hospital by Linear
Pavilion Hospital (LPH).

This same LPH typology was also used in the UK by Sir Douglas Galton
(1822/1899), in the design of Herbert Hospital (1865), renamed Royal
Herbert Hospital in 1900, located in Woolwich, London (Figure 10.8). This
hospital, created to welcome the wounded from the Crimean War, was
based on the ideas of Florence Nightingale (1820/1910), who was familiar
with Galton, seeking to treat patients by creating ideal conditions of pure
air, natural light and controlled temperature.’ The hospital pavilions were
three stories high as the height of the central corridor varied.

Figure 10.8

Diagram of the Hospital for the Comando de Puerto Principe plant.

The LPH typology has become widely used in many types of hospitals,
especially in the new world. It is interesting to note that the solution allows
different types of organisation of the pavilions. In the Judiciary Square
Hospital, the pavilions are alternated with each other, as they are located on
each side of the central corridor, which does not happen at the Herbert
Hospital, where the pavilions are aligned with each other.
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In 1885, the project for a military hospital for the Comando de Puerto
Principe, in Haiti, the alternating configuration of the pavilions will appear
again, with a single floor height (Figure 10.9). But, in the case of Herbert
Hospital, or in the project for Puerto Principe, the administrative building
stands out from the hospital complex, conferring a street front with the
dignity that, at that time, could not be attributed to the tops of the pavilions.
In the case of the project for Puerto Principe, Henry Mazorra Acosta
emphasises the location of the chapel, located in the middle of the gallery
that links the main building to the corridor that serves the pavilions and
which, according to this author, is a sign of the ecclesiastical origins of the
nineteenth-century hospitals.!°
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Figure 10.9

Schematic diagram of the Hospital of Saint Vincent de Paul.

The Saint Vincent de Paul Hospital in Santiago de Chile, which looked after
leprosy and tuberculosis patients, was built in 1872 according to the design
of Eusebio Chelli and Karl Ernst Stegmoller (the men’s wing and the
chapel); it was enlarged between 1888 and 1895 according to the design of
Juan Geiger (the women’s wing) using the PHDB double band solution,
although forming several patios (Figure 10.10), in pavilions two floors high.
It is again a solution with a high density of land occupation, resulting from
the needs of the time and the size of the available land.!!
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Figure 10.10
Schematic diagram of Welsh War Hospital plant.

Another hospital, built in 1914 to receive the wounded of the First World
War, the Welsh War Hospital, in Netley, U.K. (Figure 10.11), designed by
Edwin T. Hall (1851/1923) and E. Stanley Hall (1881/1940), presents the
linear scheme LPH, but with a single floor pavilions isolated from each
other, although united by a covered outer gallery. This scheme demonstrates
the possibility of the independence of the pavilions and the versatility of the
possibility of accessibility to them.

[

Figure 10.11

Schematic diagram of the central nucleus of the campus of the University of
Virginia.

Note: The pavilions, 5 in each band, appear interspersed with the students’ rooms.
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Other hospitals could be presented but not within the scope of a single paper.
We can for the examples presented verify the versatility of buildings and
pavilion complexes. Both the PHDB and LPH schemes allow for the
independence of the pavilions and, by extension, the functions of the various
building bodies, ensuring a high efficiency in the density with which they
ensure the occupation of the ground when this is imperative.

It should be borne in mind that, in 1972, in the seminal book Urban Space
and Structures, more specifically in “speculation 4”,'?> Leslie Martin and
Lionel March found, when analysing the most efficient forms of land
occupation, that the construction in band, in the same conditions of
illumination and height, had twice the capacity of occupancy of the soil than
the isolated constructions.

The Use of the Typology of Pavilion Hospitals
in the Universities

For the above reasons, it is not surprising that these typologies have been
used in other kind of buildings, namely in universities. The pioneer was
surely Thomas Jefferson (1743/1826)2, in the plan he developed for the
University of Virginia, in the USA" (Figure 10.12), built between 1817 and
1825, before the construction of the Lariboisiére Hospital in Paris
(1839/54). The central nucleus of the university consists of 10 pavilions
with two floors intended, in the lower floor, to the classrooms and, in the
upper, to the dwellings of the teachers. Between the pavilions are the rooms
of the students and, in the centre, is located the library of the university. The
route between buildings is through covered outer galleries and the central
space is a huge lawn, of great significance on a campus of an American
higher education institution.
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Figure 10.12

Schematic diagram of St. Thomas University campus plan.
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In 1957 Philip Johnson was inspired by Jefferson’s project for the
University of Virginia when he drafted the plan for the University of St.
Thomas in Houston, Texas. The big difference is that Johnson’s plan
included the construction of a two-storey passerelle, designed and built from
the start to prevent changes to his plan'* and the passerelle encloses the
central space (Figure 10.13).

Figure 10.13

Schematic diagram of the Master Plan of the South Departmental Expansion Zone
of the University of Aveiro.

It was elaborated on in the Review of the Master Plan of the University of
Aveiro (1987-89) by a team from the Centre for Studies of the Faculty of
Architecture of the University of Porto led by Nuno Portas. The University
of Virginia created the model used to design the South Departmental
Expansion Zone'* (Figure 10.14). This was a case in which there was an
enormous need to make land occupation profitable, because the university
needed to ensure the possibility of building a large number of departments,
the available space was relatively small and Nuno Portas intended to equip
it with a central space that would confer dignity to the University and which
is, today, surely the most monumental space in the city of Aveiro. In order
to achieve these objectives, Nuno Portas resorted to the previously
mentioned studies of Leslie Martin and Lionel March."
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Figure 10.14
Schematic diagram of the Faculty of Engineering of the University of Porto.

With the need to build three-story high-rise buildings, he explored the
possibility of concentrating construction on the outskirts of the land. The
buildings were approximated as much as possible, within the proper
ventilation and lighting conditions, which solved the university problem.
Also, for the Pedro and Luis Ramalho project for the Faculty of Engineering
of the University of Porto (2001), also in Portugal, was used a scheme
similar to that of the University of Aveiro, naturally conditioned by the
available land, which forced an inflection of one of the wings (Figure
10.15). Being a large complex with about 8000 students and approximately
550 teachers, it was precisely the organisation following the PHDB
typology that allowed to accommodate the facilities, although in this case
with buildings mostly four stories high.
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Figure 10.15

Schematic diagram of the University of Odense.
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It is also worth mentioning the case of the University of Odense in Denmark,
project by Holscher, Krohn, and Rasmussen (1971), in which the scheme is
different. If in the previous cases the complexes were constructed according
to the PHDB typology, in this case it is a variation of the LPH typology. It
is a single building with two storeys high and, at bottom, its typology
corresponds to a variation of that of the Welsh War Hospital in which, as
was common in several new western universities in the sixties and seventies
of the last century, sought to aggregate all departments into a single
building, constructing mega-structures for higher education (Figure 10.16).
The solution demonstrates how it is possible to aggregate several pavilions
forming a mesh that allows a phased construction of several types of
complexes with varied functions, performed according to the needs and the
funds available at any moment.
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Figure 10.16

Demonstration of speculation by Martin and March: The buildings in the left figure
cover exactly the same area as the building on the right.

Conclusions

As we have seen, the problems resulting from the poor conditions of
medieval hospitals and the need to avoid the spread of contagious diseases
have led to the typology of pavilion hospitals. We can therefore conclude
that, indeed, the necessity led to the shape, or if we prefer, to the
configuration of these buildings, thus justifying the title of this paper.

We can also verify that the typologies of the pavilion hospitals are suitable
for buildings or complexes of buildings, with functions different from those
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of hospitals, as is the case of the universities we have seen. It matters,
however, to re-invoke the question of the type of land occupation of some
of the examples presented. In the context of large wars or epidemics, when
the land was scarce and the need was great, the two typologies allowed the
construction of complexes with great density of occupation of the soil,
accommodating the enormous amount of wounded and sick.

As we have already mentioned, Leslie Martin and Lionel March studied
various forms of soil occupation, which are condensed in the book Urban
Space and Structures, where they present several studies carried out at the
Cambridge School of Architecture’s Centre for Land Use and Built Form.
The result of these studies proves that, in a given land, the choice between
constructing a tall building in the centre of the ground or constructing
buildings on the outskirts of the land, allows the construction of the same
area, with the difference that, in the peripheral construction, we only need
one third of the height of the isolated construction.!® This means that, by
exploring the peripheral construction of the ground, the interior of the soil
can be released (Figure 10.17).

Figure 10.17

Demonstration of the maximum occupation that the plan of the University of Aveiro
allowed, leaving the core of the ground free.
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On one hand, applying the rule commonly used to define the heights of
buildings—the distance between facades must be equal to the height of the
buildings—we verified that the PHDB typology allows both a high density
of construction and the maintenance of a large space inside the grounds, as
is the case of some of the examples we have previously seen, namely that
of the University of Aveiro. The LPH typology, on the other hand, allows
the development of buildings articulating the pavilions, provided that a grid
is used to ensure efficient circulation among them, such as the case of the
University of Odense, allowing also a high density of construction, but
occupying the space of the interior of the terrain (see Figure 10.16). Both
types can be used in buildings of various functions. As this paper has been
written for a symposium on formal methods in architecture, the challenge is
that others, trying to find a suitable formal method, can systematise its study
and predict new applications for these typologies.
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DIGITAL INEQUALITY:
HOUSEHOLD COMPUTER ACCESS
AS A DETERMINING FACTOR
IN THE GEO-LOCALIZATION OF SOCIAL
DIFFERENTIATION OF SPACE

SOFIA GARZA, AIDA ESCOBAR

Introduction
Background

Mexican researchers confirm that the Monterrey Metropolitan Area (AMM)
has the greatest social differentiation of space (SDS) in Mexico, at the same
time they agree the metropolis has the highest labour income rates in the
country. The reviewed investigations (Schteingart, 2013, Gonzalez and
Villeneuve, 2007 and Aparicio, Ortega and Sandoval, 2011) agree that the
AMM can be identify as the most favourable socio-spatial situation in
Mexico due to its integration to the US economy, its restructuration as a
pole of national economic development and its strategic position in the
process of globalization.

A comparative study by Ariza and Solis (2009) have identified the MMA
with the highest levels of residential socioeconomic segregation in Mexico,
maintaining it as the most noticeable city in terms of income polarisation in
comparison with other two urban areas studied (Puebla and Mexico City).
Consequently, Contreras (2007) indicates that a globalised metropolis like
the MMA will tend to intensify its socio-spatial division in later decades.
Economic competitiveness has been successfully associated with socio-
spatial distribution by the Chicago School (DESAL, 1969), and recognise
tensions between four elements: population, technology, customs and beliefs,
and habitat. The existence of tension between social groups regarding
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access to technology is considered a new form of socioeconomic exclusion
called the digital divide, (CEPAL, 2010).

Problem Statement

The methodological review showed the studies of SDS based their evaluations
in three of the four elements proposed by the Chicago School, integrating
socio-demographic variables of income, migration and ethnic condition, level
of education, occupation, family status and urban and residential consolidation,
but have not integrated technology indicators and have kept the spatial
relationship between the SDS and the digital divide unexplored.

The review also noted a scarcity of studies that depart from a research
hypothesis and determine the spatial distribution of the two phenomena
based on elements of geographical analysis. The central problem is that the
existing assessments of SDS haven’t take into account the changes generated
in the social and productive organisation of the Information Society (IS),
changes caused by the growing demand for information in the evolution of
ICT at a global, regional, and local level (Katz and Hilbert, 2003).

Purpose

Seeking to demonstrate the territorial digital inequalities present in the
MMA, this study answers the question:

Is there a relationship between the digital divide and the geographical
localisation of the spatial differentiation in urban space?

Based on geostatistical methods, it is intended to know if the SDS is related
to the access to and use of ICT, the type and intensity of said relationship,
for which a positive correlation is hypothesised, meaning to a superior
digital divide, larger social differentiation.

Rationale

Based on a methodological review of SDS evaluations and following the
recommendations made by Economic Commission for Latin America and
the Caribbean (CEPAL), a synthetic index of evaluation is constructed. The
index seeks to conclude, at a descriptive level, if there is a significant
correlation evidencing that SDS is related to the exclusion from digital
technologies. Meaning, the phenomenon of the digital divide moves along
with the SDS phenomenon.
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Social Differentiation of Space

The social division of space is the territorial expression of the class structure
or the social stratification (Schteingart, 2001), but it does not refer exclusively
to them. Let’s clarify that the operative concept of this research is the
differentiation, but it is not conceptually separated from segregation,
marginalisation or inequality. The differentiation will then be defined as the
action and effect of differentiating from the other, (Schteingart, 2013). This
differentiation is seen through changes in the urban fabric and its functions,
with respect to occupation conditions, family characteristics, ethnic
differences, or as it’s the matter of this research, the access to and use of
ICT that leads to the distinction of the spatial components of the territory.

Concerning the study of the social structure of space we selected the Theory
of Social Areas (TSA) by Shevky y Bell (1955), enriched by the contemporary
analysis of Brindley and Raine (1979), who technologically advanced the
TSA implementing the statistical factorial analysis based on a geographic
database. The authors developed a model called the social area to classify
populations of census areas in terms of three constructs: social status,
urbanisation and segregation, (see Table 1). The census area is used as a unit
of analysis because it facilitates the division of the city into a mosaic of
social universes. The hypothesis of this theory is that social areas contain
individuals who share the same way of life and the same ethnic origin and
who, in turn, differ in attitudes and behaviours of individuals living in
another type of social area.

The three constructs of the social differentiation of space
based in the Theory of the social areas of Shevky and Bell

Construct |Variable
occupation

Social Rank P )
education

(occupation) ) )
income variables

Urbanization  fertility
(characteristics female employment activity
of the family)  single family homes
Segregation
(ethnic

differences in
space) variables of the migratory condition

Variables of ethnic groups

Table 11.1

Constructs and variables of the TSA (source: own elaboration based on Shevky and
Bell, 1949 and Brindley and Raine, 1979).
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The Digital Divide

The Organisation for Economic Co-operation and Development (OECD),
(2001) frames the definition of the digital divide as the gap between
individuals, households, businesses and geographical areas at different
socioeconomic levels with respect to both their opportunities to access ICT
and the use of the Internet for a wide variety of activities. For Norris (2001)
it is a phenomenon that involves three aspects: the global gap (present
between countries), the social gap (present within a nation) and the
democratic gap (present between those who participate in public affairs
online and those who do not). Regarding the quantitative aspects of the
digital divide, Arquette, (2001) has highlighted the statistical differences in
access to ICT according to a wide range of socio-demographic variables
among which we can underline the level of income, schooling, race,
ethnicity and place of residence. This research focuses on the study of the
social digital divide by the harmonised measurement of access and use of
ICT in homes, based on a statistical indicator approved by the Soclnfo
program, whose objective is to obtain basic estimates on the levels and
trends in the access and use of ICT with protagonism in the process of global
informationalisation,V) CEPAL (2010).

The Case Study

The MMA is located in the Mexican state of Nuevo Leon and formed by 12
municipalities: San Nicolas de los Garza, Garcia and General Escobedo,
Guadalupe, Juarez and Cadereyta Jiménez, Santiago, San Pedro Garza
Garcia, Santa Catarina, Apodaca and Salinas Victoria (see Figure 11.1 and
11.2). It inhabits 4.6 million people, equivalent to 4% of the total population
of Mexico (N=127.5 million).

(M) The informationalization is the centrality of information as a process and product
in society, (Castell, 1996).
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Figure 11.1

Geographic location of MMA in relation to Mexican territory (source:
SkyscraperCity, 2008).

NUEVO LEON

COAHUILA

Figure 11.2

Municipalities that integrate the MMA (source: Covarrubias, 2007).
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Methods

Study Design

The methodological structure is organised into four evolutionary stages (see
[llustration 1). The first is the categorisation of indicators of SDS
measurement supported by the theoretical framework and the subsequent
integration of a key indicator of access and use of ICT. The second refers to
the construction of the database and its statistical exploration. The third
weights and builds the Social Differentiation of Space Index (SDSI). The
fourth considers the statistical analysis and the spatial visualisation of the
SDSI and explores the relationship the index maintains with the indicator of
access and use of ICT.

STAGES

> PROCEDURES PRODUCTS >

. 1. Categorization by .

I. Methodological i 1. Matrices of
[ g conceptusal grouping classification of indicators
compilation and 2. Selection of the set of by SDUSI dimensions
categorization of measurement indicators

Ry with description b 2. Set of indicators for the
indicators puion by SDUSI

dimension of analysis

Il. Treatment of input
data and geostatistical
exploration

1.5ample adequacy
IIl. Weighing and 1. Factor analysis tests

Statistical and
georeferenced
database

Construction of
databases

construction of the 2 Selectionlofithe 2.Component score

variables with the ¥ A
SDusI highest correlation coefficients matrix

3.5DUSI results

1. Grouping of the

NN N

V. Implementatmn of SDUSI results by Choropleth maps with
the SDUSI and stratification of Jenks multivariate
geostatistical analysis 2. Pearson correlation perspective of the
of it’s relationship with CiE TS 5DUSI and the ICTs
the ICTs indicator S Spatisfeation ot indicator

5DUSIresults using GIS

N INININA

Figure 11.3

Scheme of the methodological stages, procedures and products.
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Data Collection

The statistical information comes from the 2010 Population and Housing
Census conducted by the National Institute of Statistics and Geography of
Mexico. The space of analysis is composed by 1,661 AGEBs @. We
excluded 195 AGEBs with gaps in the information. In 1,466 AGEBs
corresponding to 87% of the MMA population seven socioeconomic
indicators were estimated, including ICT access and use under the social
rank construct. Finally, a georeferenced database of 7 columns (indicators)
by 1,466 rows (AGEBs) was produced from which the SDSI was calculated.

Construction of the SDSI

The construction of the index requires a process of elaboration that consists
of four phases and of the configuration of an algorithmic model that
observes the independent variables of the phenomenon that leads to the
reduction of data in the selected software: the statistical package for social
sciences SPSS 24.0 of IBM (2016).

1. Review of Analysis of statistical
socioeconomic Elaboration of the results to f_lolm'mme Stratification by
indicators. estimation of the II\.\fl .|I|}.|<|_|v :if the atppllyn_l-,‘. the Ilnl_:lr-
L actorsin the echnique, which
2 Sefectlon ol thig MQOLI by Analysis of differentiation of m!.lhlinlm‘s five grades
variables, Principal Lomponents AGEBs according to to show the differences
3. Calculation of the ACP. globalimpact on the in AGEBs.

indicators involved. population.

Figure 11.4

Elaboration process for the SDSI (source: own elaboration based on Conapo, 2010).

@ Geo Statistical Basic Area (AGEB). It is the territorial extension that corresponds
to the subdivision of the geo municipal statistics areas, (INEGI, 2010).
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Geostatistical Analysis

The approach is quantitative and the test to check the feasibility of the factor
analysis is the Kaiser-Meyer-Olkin (KMO) and Bartlett’s Sphericity test
(EB). The data is accepted only when KMO is greater than 0.5 and the level
of significance of the Bartlett test are less than 0.1.

The method to be used is Principal Component Analysis (PCA). The PCA
is a technique that extracts and prioritises information from large data sets
and determines the number of underlying dimensions contained in a system
of observed variables, known as “components,” with the first component
accounting for most of the variation in the data, Leva (2005). The
VARIMAX Rotation was included for the ranking of significant variables
and construction of a synthetic index of measurement.

Verification is sought through the sedimentation graph (scree plot) that
graphs the size of the eigenvalues. The next is to validate the variables based
on their communalities. Communality is the proportion of the total variation
of a variable involved in the factors.

Finally, regression analysis is used with the intention of statistically verify
if the variables have any relation between them. A double technique is used:
the bivariate correlation and the scatter diagrams. The Pearson coefficient
(r) value varies in the interval [-1,1], the sign indicates the sense of the
relationship.

The classification method for grouping geographic data is the stratification
of Jenks or natural breaks. Pearson coefficient (r) is applied to know the
degree of correlation between the variables. In addition, Geographic
Information Systems (GIS) are used to show the results of the statistical and
spatial analyses, namely, to visualise the means in which territory is
appropriated.

To show the geo-statistics information, we use a specific map type, the
choropleth map of the Geographic Information Systems Software ArcGIS
10.4 for Desktop created by the company ESRI INC. Version 10.4.1.5686
(2015).
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Results
Indicators Set for the SDSI

The set of indicators is presented with variables from the revised theory
(Shevky and Bell, 1949 and Brindley and Raine, 1979), the measurement
experiences found, (Schteingart, 2013; Gonzalez y Villeneuve, 2007; Ariza
y Solis, 2009) and the key indicators to assess the social conditions of access
and use of ICT for Latin-American cities (CEPAL, 2010).The indicators
were chosen because they present a greater possibility of measurement and
because of the feasibility of obtaining them by level of geographical
disaggregation see Table below.

INDICATORS OF THE SOCIAL DIFFERENTIATION OF URBAN SPACE INDEX

sub-variable construct # 1D +/- indicator calculation

no. of dwellings with computer / Num. dwellings with the 4 products
RSLin_renta  + refrigerator, washing machine and TV)

Social Rank (occupation) 2 RS2.%_ocu + occupancy rate number of employed / working-age population

no. of persons older than 18 yo. with middle school education / num..

RS3_in_edu_sup + persons over 18 years of age
Fertility 4 average number of children  5iven data
Ul_prom_hnv  + bornalive
Single family Urbanization (characteristics
accommodation of the family) U2 viv uni total inhabited housing inhabited private dwellings / total dwellings
_viv_uni +
‘Women's activity 6 3 % ocu fem 4+ femaleoccupation rate number of employed women / female population of working age

average of people with

* | migratory status people born in another state / People born in the same state
S1 % migra

Segregation (ethnic

Isolation of ethnic groups

differences in space) average population in o
8 + N in census / total state
N households with ethnic status
52_%_indig

Table 11.2
Indicators of the SDSI in relation with the TSA.

For the SDSI the KMO test turned out to be 0.651, indicates that the adjustment
of the sample, despite being mediocre, is acceptable for the implementation of
the principal component analysis (see Table 11.3). The BE test was also
considered, the SDSI obtained the value 0.000 of perfect significance ergo the
null hypothesis (HO) can be rejected (that the variables under study are
independent). In conclusion the factorial analysis of the ACP as appropriate.®’

The sedimentation graph (see Figure 11.4) is used as a graphic contrast to
know the number of components to be conserved,® shows the relevance of

©) Bartlett’s sphericity test checks whether the correlation matrix is an identity
matrix, that is, that it has no significant correlation (p> 0.05) between variables
(Conapo, 2010).

@) Criterion called the arithmetic mean: the components with the steepest slopes are
retained, CONAPO (2010).
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using only the first three components of the index.

KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 651
Eartlett's Test of Approx. Chi-Square 2044810
Sphericity df g
Sig. .ooo
Table 11.3

Results of the KMO and EB tests of the SDSI by AGEB (source: own estimates

based on the INEGI, Population and Housing Census, 2010).

Scree Plot
4
3
@
3
[
z
@
=
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-
o
T T T T T T T T
1 2 3 4 5 5 7 8
Component Number
Figure 11.5

Sedimentation graph for the correlation matrix of the SDSI by AGEB. Source: Own

estimates based on the INEGI, Population and Housing Census, 2010.
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Component Score Coefficients Matrix

The ACP revealed that of the 7 indicators, 3 are the main components that
explain 79% of the phenomenon: the percentage of private dwellings that
have computers (RS1 in_comp), the percentage of people with a job
(RS2 % ocu), and average number of children born alive (Ul _prom_hnv).
The loads inherent to these indicators can be seen in the following table.

Rotated Component Matrix®
Component
1 2 3

RS1_in_comp 959

RS2_%_ocu 946 151

U1 _prom_hny - 678 -.448 -.368
S2_%_indig -572 551
RS3_in_edu_sup 954
UJ3_%_ocu_fem 539 722
S1_%_migra A3 -.305 TGO
L2 _wiv_uni -326 -716

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Mormalization.

a. Rotation converged in 6 iterations.

Table 11.4

Table of component loads. Variables of the SDSI at the AGEB level (source: own
estimates based on the INEGI, Population and Housing Census, 2010).

Results of the SDSI

A stratification of Jenks ® of five classes (very low, low, medium, high and
very high) was chosen to determine the level of SDSI. The path of the index
(-3.642880 a 4.916440).

©) In cartography, the Jenks classification method is used to divide the data due to
natural breaks that occur in the data histogram at the low points of the valleys. The
ruptures are assigned in relation to the order of the size of the valleys, with the largest
valley being assigned the first natural rupture (Conapo, 2010).
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Degree of social

. R Total Limits of the interval
differentiation of
space Number Population  Inferior Superior
Total 1466 3 988 264
Very low 225 595987  -3.64288  -1.07002
Low 379 1101757 -1.070019 -0.32751
Medium 397 1160895 -0.327509 0.40667
High 267 685985  0.406671 1.1843
Very high 224 429 140 1.184301 4.91644

Table 11.5

Stratification of the SDSI, by AGEBs and population (source: own estimates based
on the INEGI, Population and Housing Census, 2010).

Mapping of the SDSI1

On the left side of Map 3 the spatial distribution of the SDSI in the MMA
is observed. A gradient of semaphore colours was used in negative, the red
colour to represent a high degree of differentiation and in opposition the
fluorescent green colour is used to mark the geographical areas with very
low degree of spatial differentiation.

It is possible to observe the agglomeration of the maximum levels of social
differentiation in a corridor that extends from the northwest to the southeast
of the MMA, extending from the west to the southwest of the urban sprawl,
showing a tendency of expansion from the south-southwest towards the
south-southeast of the MMA. Corresponding to the municipalities of San
Pedro, in the north of Santiago, to the western and southern region of
Monterrey and, to a lesser extent, on the border with San Nicolas and
Guadalupe, residential regions of high socioeconomic status.

The middle and upper middle classes are located in contiguity to the
medium and very-high sectors respectively. This middle-class corridor is in
a situation of contiguity to the left with very high levels (Monterrey and San
Pedro) and to the right with very low levels of differentiation (Escobedo,
San Nicolas and Guadalupe), serving as a buffer between the two extreme
results of the index.

The low and very low socio-economic levels correspond to the areas with
less spatial differentiation, located forming a peripheral crown that moves
towards the northeast of the MMA, concentrating on the outskirts of Santa
Catarina, Garcia, Escobedo and Guadalupe, suggesting a tendency to the
expulsion of the central ring of the metropolis.
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Comparison of the spatial distribution of the SDSI and number of dwellings with
access to PC (source: own estimates with ArcGis 10.4 based on the INEGI,
Population and Housing Census, 2010).

Regarding the first component, the Pearson R-value of 0.959 was positive
so we can conclude that when the variable RS1 in_renta increases, the SDSI
level also increases. The Sig (2-tailed) value is analysed, which indicates
whether there is a statistically significant correlation between the two
variables. In this case Sig=0.000 is less than or equal to .05, so we can
conclude that there are statistically significant correlations between the two

variables (see Table 11.6).

1442

Correlations
REGR factor
score 1for RS1_in_com
analysis 1 p
| REGR factor score 1101 Pearson Corelation 1 459
analysis1 Sig. (2-talled) 000
N 1492 1492
RS1_in_comp Pearson Correlation 959 1
Sig. (2-tailed) 000

1537

**. Correlation is significant at the 0.01 level (2-tailed).

Table 11.6

Result of the bivariate correlation of the first main component RS1 in_renta and the
SDSI (source: own estimates based on the INEGI, Population and Housing Census,

2010).
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One can observe the spatial relationship between the SDSI and the access
to a personal computer inside the house in the maximum and minimum
ranges of the two variables. There is a decrease in the number of homes with
access to a PC when approaching the peripheries of the MMA, coinciding
with the low levels of SDS.

Negative Results

It is important to highlight that the variables of migratory condition did not
appear among the main components that influence the SDS phenomenon,
ranking 7 out of 7 variables studied and reporting a very-low positive
correlation (r=.131).

Discussion

As stated in the introduction the available research report that the MMA
presents the highest SDS in Mexico. These studies base their calculations
on indexes that do not take into account indicators on access to and use of
ICT. This exploration aimed to build a socio-demographical index that also
takes into account the implications of the digital divide within the
metropolis.

New Understanding of the Problem

Recalling the question that motivated this research is there a relationship
between the digital divide and the geographical localisation of the spatial
differentiation in urban space? It was found that in effect the main variable
that explain the difference of SDSI levels by urban AGEB is the rent index
that measures the number of dwellings with computer.

These results have a simple explanation, the variable that have to do with
the access to a PC inside the household, is the one that resulted in the
analysis of main components, and therefore the one that should be
considered as a determining factor in the construction of the index. It is
important to mention that the second component (see Map 4) of the
phenomena was the occupancy rate (RS2 % _ocu) denoting the importance
of access to the variables that specifically belong to the occupation
dimension, as satisfiers of the construct social rank and key factors in the
stratification of the social differentiation of space, for that reason the
patterns of those variables in isolation are similar to those of the index.
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o &

Figure 11.7

Spatial distribution the occupancy rate (source: own estimates with ArcGis 10.4
based on the INEGI, Population and Housing Census, 2010).

In addition to answering the research question, what this work tried to prove
is the hypothesis that this relationship supposes a positive correlation
between the two studied phenomena: the greater the digital divide, the
bigger the SDS. With the verification made in this study, it can be seen that
in fact there is a strong relationship between the SDS phenomenon and the
variable of access to and use of ICT (r=.959). The relationship between them
is positive, meaning that to a greater digital divide, the bigger the SDS.
Therefore, the alternative hypothesis (H1) is rejected and the null hypothesis
(HO) is accepted, which implies a positive relationship between the SDSI
and the variable of access to and use of ICT.

Conclusions

When making an analysis of the visualisation of the results we can observe
a spatial distribution that confirms some of the ideas expressed at the
beginning of this work, in the sense that it allows us to affirm that there is a
complementary relationship between the digital divide, and the territorial
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fragmentation of the SDSI, that is to say that there is a marked digital
inequality based on access to and use of ICT in the MMA.

By using the cartography and visualising the spatial distribution of the
phenomenon, we can observe spatial coincidences of AGEB agglomeration
with homogeneous scores. These agglomerations are not in territorial
contiguity, but they form corresponding islands that can correspond to
historic centres, commercial centres for the exchange of services, and to the
political-administrative limits of the integrated municipalities in the
metropolitan area. This can be related to the Model of the Latin American
city: city of islands by Janoschka (2002) who states that Latin American
metropolis move towards schemes characterised by fragmentation and
whose urbanisation tendencies belong to a socio-historical situation product
of post-colonisation and neo-liberalism.

Finally, it is concluded that the variables of the social rank, specifically
those that refer to technological consumption, who represent the most
evident aspects of the digital inequality in the SDSI of social groups and
their distribution in space. Consequently, the digital divide in the MMA is
shown as the space of conflicts where urban groups fight for a place to
belong, clinging to the border that defines who stays outside and who stays
inside or, as is the case of this research, among those who have access and
ability to use ICT and those who do not.

Next Steps

Future research points to expand the experimentation and integrate different
indicators of access to and use of ICT to observe the degree of influence the
informationalisation processes have in the means social territory is
appropriated.
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CHAPTER TWELVE

THE GALLERIA PROGRESSIVA
IN THE SOLOMON R. GUGGENHEIM MUSEUM
AND THE MUSEUM OF UNLIMITED GROWTH

ANA LUISA ROLIM, LUIZ AMORIM,
MARIA JULIA JABORANDY

Introduction

This paper fits within a broader PhD research, currently in progress, on
museum visitors’ engagement within uninterrupted sequential spaces
named galleria progressive,V utilising the social logic of space (or Space
Syntax) and neuroscience as theoretical grounds. Using configurational
analysis, two emblematic museum concepts will be specifically discussed
here, the Solomon R. Guggenheim Museum (1943-59) by Frank Lloyd
Wright, and the Museum of Unlimited Growth (1939) by Le Corbusier.
These two cases are compared because they are examples of a thorough
application of the galleria progressiva in modern architecture, where,
although having distinct shapes, their spatial and formal conceptions are
based on the logic of the spiral, as well as having the same use as museums.

With regard to previous studies,® especially in the Space Syntax field we
intend to extend the discussion of some of these seminal ideas often related
to criticising the galleria progressiva for its reductionism of route

() Bennett?> and Bann,?” as well as the synthesis Sutton® performs on these two
authors, have published relevant studies on museums that include discussions on the
galleria progressiva concept.

@ Hillier and Tzortzi’! present a review of main studies on museums that, focusing
on different aspects related to their spatial systems, are all based on the theory of
Space Syntax.
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possibilities® and restriction of spatial structure experience, which tends to
leave, as in the Guggenheim, “no room for probabilistic effects of the layout
over exploration and encounter.” The following questions permeate the
investigation: Which of the two spatial systems discussed here is more
favourable to engagement? And which configurational particularities lead
to the probability of engagement?

We begin by defining the galleria progressiva as a type of nineteenth-
century museum organisation, then, contextualise the two museum concepts
according to such type, setting the basis to the analysis. Following, we
present and discuss the analysis of both case studies through convex, axial
and visibility maps, isovists, and justified graphs to, then, reach some
conclusions.

The Galleria Progressiva

Approaching the Galleria Progressiva

Toward the end of the nineteenth-century, museums went through a process
of creating a new space at the same time rational and scientific, where
specialisation and classification became distinguished features, leading,
early in the century, to a historicised framework in exhibit displays. Bennett
observes that this was an important innovation coinciding with the
developments of various disciplines and practices wishing to reproduce the
past and its representation as a sequence of phases towards the present.’?
Newhouse agrees, noting that public museums “imposed clear directions for
movement through their galleries, presenting ‘walk-by’ viewing that after
1750 developed into chronological organisations emphasising history”.?

Based on pioneering initiatives in historicised principles of display in
France, (Musée de Monuments Frangais [1793] and Alexandre du
Sommerard’s collection at the Hotel de Cluny), some scholars have
suggested two main types of museum spaces at the time: the galleria
progressiva and the period room. Although not the focus of this paper, the
period room, according to Pevsner, was the organisation “principle of the

) Choi?? investigated how much the movement of visitors was determined by the
spatial configuration, rather than objects on display, in eight American art museums.
His findings led to two models of space regarding their role in structuring the pattern
of movement: the deterministic model, which forces movement as choices are
restricted, and the probabilistic model, which allows movement to be more random,
but modulated by configurational variables.
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future”,* configuring an enfilade or rooms in line with each other. Regarding
content, these rooms were organised chronologically by period, although,
inside often relied on additional texts and labels to better direct visitors.>

To satisfy the historical demand of the nineteenth-century, art museums
found that showcasing history in a progressive articulation was ideal to
integrate its fragments, which suited the galleria progressiva and the ability
of its geometry to guide visitors by ordering the artworks along its walls,
setting visitors’ paths freer of external clues than in the period-room format.
Sutton suggests that this scheme can develop in any geometry allowing
visitors the simple rule of following artifacts progressively, and can take
various shapes, typically a helical structure, straight line or vaulted tunnel,
concentric squares, concentric hexagons, concentric circles, or combinations
of these.’

Galleria progressiva precedents include early straight-line galleries, such
as the Antiquarium (G. Strada, 1569-71), the statuary gallery at Sabbioneta
(V. Scamozzi, 1583-90) and the Louvre’s Grande Galerie (1793).
O’Doherty’s refers to a very engaging space while commenting on an 1832
painting depicting the Louvre: “one can see the nineteenth-century audience
strolling, peering up, sticking their faces in pictures and falling into
interrogative groups a proper distance away, pointing with a cane,
perambulating again, clocking off the exhibition picture by picture.”®

Concentric variations of the galleria progressiva go back to the Vatican’s
Museo Pio-Climentino (1773) rotunda-shaped statuary room and Piérre-
Adrien’s study for Musée des Beaux Arts (1810) with sixteen galleries
arranged radially from a central rotunda. Other incipient projects were the
museum-themed competition Prix de Rome by the Académie d’ Architecture
in Paris (1753 through to the early nineteenth century), including straight-
line, vaulted tunnel galleries, and rotundas amongst the awarded designs.
E.-L. Boulée’s museum (1783) and Durand’s Précis des legons (1802—09)
are also relevant examples combining a Greek cross over a square plan
departing from a central rotunda.

The Glypothek (1815-30) and the Alte Pinakothek (1823—-36) in Munich by
Leo von Klenze, and the Altes Museum (K.F. Schinkel, 1823-30) in Berlin,
also contained galleria progressiva spaces. The Glyptothek had sculpture
galleries arranged chronologically in a continuous ring around an inner
courtyard. The Altes Museum translated Durand’s plan, with a large central
rotunda flanked by two courtyards and closed at the sides by long galleries.
Displaying paintings by schools, The Alte Pinakothek had service spaces
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and a library on the ground floor, and galleries upstairs, with the floor plan
set in three parallel strips—two for paintings and one access loggia—along
twenty-five bays, a scheme adopted several times later, notably in the Neue
Pinakothek (August von Voit, 1846-52) in Munich, and in the Dresden
Gallery (G. Semper, 1847-55) (Figures 12.1-12.4).

Vil

|1i\|:f

Figure 12.1

(a) Antiquarium (G. Strada, 1569-71), (b) Sabbioneta (V. Scamozzi, 1583-90) and
(¢) Museo Pio-Climentino (1773).

Figure 12.2

Exhibition Gallery at the Louvre, painting by Samuel F.B. Morse (1832-33).
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Figure 12.3

(a) Boulée’s museum (1783), (b) Durand’ Précis des legcons (1802—09) and (c) the
Glypothek (1815-30).

Figure 12.4

(a) Alte Pinakothek (1823-36) and (b) Altes Museum (1823-30).

The Solomon R. Guggenheim Museum (1943-59)

Sutton claims the Guggenheim’s helical structure is the first example of a
galleria progressiva fully applied to an art museum.’ It was conceived by
Frank Lloyd Wright to house Solomon R. Guggenheim’s paintings, one of
the first American collectors of abstract art. The design included four major
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schemes (A through D) and revisions to scheme A. After expressing his
ideas in writing for a year, Wright’s preliminary studies started in March
1944, when the building site was acquired. These schemes “were all based
on the same parti [...] One was hexagonal, the other three variations on a circle
[...] The key element was an approximately eight-story ‘tower’ occupying the
right half of the site”® enveloping a spiral-shaped ramp occupied by galleries
that developed around a rotunda crowned with a glass dome.

Scheme “A”, client approved in July 1944, showed two main circular
volumes—agalleries and atrium at South, and the administrative tower at
North—and a third, smaller cylinder with an elevator West of the gallery
tower. Several revisions occurred afterwards, through which the elevator
remained the most integral component. After Solomon Guggenheim’s death
in 1949 and the purchase of the remaining portion of the building site on 5th
Avenue, the Guggenheim Foundation fired its influential former director,
Hilla Rebay, hiring, in 1952, James Sweeney, previous Museum of Modern
Art’s curator. At the same period, the final layout was established, and, after
a few more revisions, construction began in 1956. Wright died in 1959 prior
to the museum’s opening later that year® (Figures 12.5 and 12.6).

The museum’s main form is a helical galleria progressive; although
modified by adjacent galleries, added increasingly after 1992’s major
renovation,’ it provides visitors with two main route options, up or down the
spiralling ramps around the atrium—a deterministic rule on visitors’
movement. In a harsh criticism, Pevsner notes that “Sensational it surely is,
but it is also about everything a museum should not be. It is a monument,
after all, and the spiral ramp which one is forced to descend makes any cross
moves impossible, and cross moves at will are the spice of museum visits.”
At the same time, the voided space of the atrium plays a key role in
articulating the space, creating a difference experience than that generated
by the ramp itself. Both observations are particularly relevant to our study
once movement and the possible interactions that might occur in voided
spaces are at the basis of Space Syntax theory.

Figure 12.5

Ground and main floor plans of Solomon R. Guggenheim museum (1959).
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Figure 12.6

Solomon R. Guggenheim Museum schemes from 1944 through 1952.
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Letters exchanged between Wright and the client reveal the architect’s
concept. On January 20, 1944 he wrote: “A museum should be one extended
expansive well-proportioned floor space from bottom to top — a wheel chair
going around and up and down, throughout. No stops anywhere and such
screened divisions of space gloriously lit within from above”.!® Wright’s
interest in the movement of visitors, shared with Space Syntax’s theoretical
framework, is evident, emphasised by the presence of a wheelchair moving
with ease in a spatial layout with partitions detached from ceilings,
conforming a unified well-scaled space where exhibitions and building are
linked continuously. One can notice the intention to link building and
exhibitions, which relates to Sutton’s definition of the galleria progressiva
as a scheme where the visitor’s route is led by the museum’s geometry and
the sequential display of artworks it imposes.’

In June 1958 Wright emphasised visitor’s movement, circulation and
artwork viewing: “Walls slant gently outward forming a giant spiral for a
well-defined purpose: a new unity between beholder, painting and
architecture. As planned, in the easy downward drift of the viewer on the
giant spiral, pictures are not to be seen bolt-upright as though painted on the
wall behind them. Gently inclined, faced slightly upward to the viewer and
to the light in accord with the upward sweep of the spiral, the paintings
themselves are emphasised in themselves and not hung ‘square’ but
gracefully yield to movement as set up by these slightly curving massive-
walls.”!’ The museum’s social space is illustrated in the activity and social
gatherings (visitors moving continuously, subject to encounters) that a
spatial layout can facilitate.

Wright’s words suggest a balanced appreciation of architecture and artwork,
although privileging the scale of the building in relation to the varying scales
of exhibition spaces. This relationship also concerns Peponis who refers to
three desirable spatial considerations in museums: linkage between exhibit
spaces and the building as a whole via foyers and major circulation routes;
balance between the appreciation of the architectural object and effective
exhibitions; and the interface between building scale and the varying scales
of the exhibits.!

Wright’s control over the visiting experience shows in the minimisation of
visual contact with the outside, and in the monitor, the smaller office tower.
Even after the 1990’s renovation, when offices became galleries and store,
the previous vigilance of higher hierarchy staff at top floors over those
working below by means of a central void, was replaced with that of security
guards and staff over visitors on the ground level store, also attracting
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potential shoppers from upper galleries. This relates to the idea that a
labelled space can reproduce specific types of social relations and power
amongst users, as well as, to the notion that the project “operates against
some background of legality and that this legality is itself rooted in the
properties of form™'! (Figure 12.7).

Figure 12.7

The monitor tower: (a) top floor plan and section (1943); (b) ground floor (1959)
and (c) store and exhibition space (2016).

The Museum of Unlimited Growth (1939)

Moos states that one of the paradoxes in Corbusier’s work is the relative
independence that forms develop in relation to the specific purposes they
serve, adding that ‘barely more than three or four themes (or functions) led
to definite architectural types: the dwelling module (box), the museum
(spiral), the stadium (bowl), and to a certain degree the assembly hall
(triangle).!? The Museum of Unlimited Growth (MUG) exemplifies Moos’
spiral type and the galleria progressiva. It is a conceptual scheme that fits
within “a set of projects known as the spiral museums, which Le Corbusier
and his studio worked on between 1929 and 1965. The 1939 museum comes
after a decade of research by the architect into this “prototype”, in which a
square spiral form is used as a plan”.!> Three museum spirals were actually
built (Tokyo, Ahmedabad, and Chandigarh), fourteen others conceptualised,
but none focused specifically on the possibility of unlimited growth (Figure
12.8).
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Figure 12.8

Spiral in Le Corbusier’s projects: (a) The World Museum (1928-29); (b) Pavilion
des Temps Nouveau (1936-37) and (¢) Museum of Unlimited Growth (1939).
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Figure 12.9

Museum of Unlimited Growth ground, main and mezzanine floor plans.
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Figure 12.10

Diagram of main floor plan and isometric view showing four axes.

Figure 12.11

Views of physical model.

The floor plan is a result of the combination of the spiral and the swastika
forms, which the architect had tried in prior spiral schemes. While the spiral
form defines the main layout of galleries/corridors, the swastika takes the
shape of four pinwheel axes overlaid on the spiral.'* These two elements are
enveloped by a quasi-cube standing on pilotis which is accessed from a
ground floor entrance that directs visitors straight to its midpoint, an open
atrium containing a ramp that leads to the main floor galleries (Figures 12.9—
12.11).

Similar to Wright’s helical ramp, the visitor’s route is predetermined by the
architect, although, as our analysis will show, the cross moves referred by
Pevsner as impossible in the Guggenheim are made feasible in Corbusier’s
museum by means of openings towards the exterior (at each pinwheel axis)
and through the perimeter walls of the spiralling galleries. Perhaps this was
one of the reasons why Moos commented that, although Le Corbusier’s
museums “may be of modest architectural caliber”,'? they fulfil the purpose
of a museum better than Wright’s Guggenheim. Moulis seems to agree with
this while suggesting that the insertion of the four axes by Corbusier brings
a certain unity to the plan that attenuates the possible labyrinth effect of the
main spiral circulation. Although a spiral circulation is not labyrinthine per
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se, as in this case, it has some spatial properties of a labyrinth, such as the
visitor not being able to see the exit right away.

Consistent with this idea, Colomina writes that in the MUG the architect
further increases “the possible trajectories”,'® adding that in his spiral
museums “Le Corbusier emphasises the surprising lateral views within
labyrinthine spaces”.!* Based on such remarks, the question of permeability
within the interiors and towards the exterior, another common interest with
the field of Space Syntax, seems to be crucial in understanding the two cases

of galleria progressiva which this paper focuses on.

Just as in Space Syntax, movement is a key element in Le Corbusier’s
projects. Although scholars often focus on the graphical analogy between
MUG’s form and spiral forms in nature and mathematics, Moulis believes
the spiral is used as a generating device as shown on the architect’s
drawings, involving altogether 20 projects, that address circulation patterns
and plans through freehand lines testing paths of movement.'® This is
relevant as a recurrent theme in Le Corbusier’s work is the architectural
promenade, a concept referring to free exploration of an environment in a
sequential mode based on the spectator’s movement and point of view. But,
could a labyrinthine layout offer free navigation? Moulis argues the
mechanistic effect of the layout is somewhat pertinent to Le Corbusier’s
promenade concept since in his works he aimed to determine desired
experiential effects, that are “a kind of figuration of experience”,'® of
course, not all are related to the labyrinth configuration.

The Analysis
Means and Methods

We performed ground and main floor plans analysis of the Guggenheim’s
inaugural layout (1959) and Le Corbusier’s MUG. For Wright’s museum
we used documentation'” by the Guggenheim Foundation and renowned
scholars.¥ As there is no final plan per se for Corbusier’s project, we
created our own backgrounds and 3D model based on sketches and physical
models by the architect available at Foundation Le Corbusier® and in

*) Some of the most relevant works by scholars and the Guggenheim Foundation are
Levine?, Siry,? and The Guggenheim.?*

©) The digital archives are available at:
http://fondationlecorbusier.fr/corbuweb/zcomp/pages/ ArchM098.htm.
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Ouvres Complétes 1938-46;© therefore, as we tried to be as accurate as
possible to these sources, the graphics produced reflect our interpretation of
the existing material. We used DepthmapX” and JASS software to
generate, respectively, maps and justified graphs, as well as AutoCAD and
SketchUp for producing floor plans and 3D models. Although not the focus
of this paper, we also performed different types of field observations in the
Solomon R. Guggenheim Museum.

The Use of Space Syntax in the Analysis

In space syntax’s theoretical approach there is a key idea: people move in
axial lines, interact in convex spaces, and see visual fields that change as
they move through built environments.'® Using graph theory to describe
layout configurations makes it possible to investigate the correlation
between space configuration and social behaviour.

© Le Corbusier Oeuvre Compléte (1938-1946) is a mandatory resource when
studying Le Corbusier’s work.

) Turner® is a very helpful resource regarding Space Syntax’s latest developments
through the use of DepthmapX.
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Figure 12.12

Convex and all-line maps of the Museum of Unlimited Growth (Le Corbusier, 1939)
and the Solomon R. Guggenheim Museum (Frank Lloyd Right, 1943-59).
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Museumn of Unlimited Growth (193g9) Solomon R. Guggenheim Museum (1943-59)
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Figure 12.13

Justified graphs highlighting relevant spaces in red.
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Figure 12.14

“A”, “B”, “C” and “D” types of spaces in both systems.
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Figure 12.15

Charts of “A”, “B”, “C”, and “D” types of spaces in both systems.

Convex and axial maps were used to analyse connectivity, integration, and
intelligibility, as well as a correlation coefficient between the two that, when
high, indicates how easy it is for someone in a local position to understand
the overall structure, helping to predict pedestrian movement.® Visibility
graph analysis (VGA) was used to analyse visual properties of the layouts,
especially integration (fewest number of connections that need to be
traversed to reach one node from another).”

Justified graphs were used to analyse depth, branching trees, looping rings
and relative asymmetry within the spatial systems. With the base node set
in the exterior, the remaining points are horizontally aligned above it
according to their respective depth. We have highlighted in red the most
significant spaces referred to in our comments. In the Guggenheim’s graph
we only numbered the spaces we think are most relevant within the system.

Discussion of the Results

While Wright’s museum is a built project that went through revisions due
to demands from client and local building code, Corbusier’s is a conceptual
museum. The Guggenheim’s program, even if considering only the two
floors being tested here, is more complex than the latter, including galleries,
offices, restrooms, library, and service spaces not accessed by the usual
visitor. In contrast, in Le Corbusier’s layout almost all spaces are labelled
as gallery and accessibility is less restricted, affecting the spatial

®) Al-sayed et al.,’® Dalton et al.,”’ Hillier and Hanson,?® and Hillier et al.?® are
fundamental resources for understanding such concepts.

% Al-sayed et al.* is a very helpful, relatively easy to follow manual on Space Syntax
that includes tutorials for performing various types of analysis via maps, as well, as
pulling out data from such maps and analysing it.
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relationships within the system.

Considering just the galleries, there are 51 convex spaces in the MUG, and
24 in the Guggenheim. Within the whole system, in Corbusier’s project the
number of convex spaces is 57, increasing to 151 in Wright’s. On
Guggenheim’s main floor, one convex space represents almost 50% of all
other exhibiting spaces in the rotunda’s atrium. MUG’s main floor galleries
are more intricate, with larger convex spaces in the four axes and many
others evolving within the spiral (Figure 12.12).

Hillier*! differentiates four types of spaces per number of their connections
to other spaces and if these are positioned within rings of movement: “A”
are dead-end spaces; “B” is connected to two or more spaces but not within
a ring; “C” is often in one ring; and “D” must be located in two or more
rings. The number of “D” spaces is way higher in the MUG, but “A” spaces
occur similarly in both cases. “C” spaces are more frequent in MUG, but
the Guggenheim has more “B” spaces. Higher global increase in “D” spaces
would minimise spatial depth and generate an integrated system, whereas
global increase in “B” types and local increase in “C” types concur for a
more segregated system (Figures 12.13—-12.15).

In both systems spaces with higher connectivity are located in and around
the atrium / rotunda. Most connected spaces at MUG are two of the galleries
with mezzanines located in the axes (spaces no. 11 and 26), while in the
Guggenheim these occur in the ground floor atrium and the ramp on main
floor (Figures 12.12 and 12.13).

The ground floor atria in both projects are in a relative shallow position
within their systems (depth 3,0), but when it comes to metric dimensions,
the visitor travels a longer distance to reach MUG’s atrium, perhaps
indicating the architectural promenade’s strength in Corbusier’s scheme,
although the architect deprived the visitor from any view of the exterior.
The same happens with the most connected spaces at MUG, located in
relatively deep positions within the system in comparison to Guggenheim’s,
which are situated in relatively shallow positions.

The 10% most integrated spaces are also located in and around the atria in
both cases. At MUG, these spaces are indicative of alternative routes,
including a gallery in one of the four axes (convex space no. 11), which is
the most integrated within the system and contains the building exit. In the
Guggenheim, the most integrated space is the elevator lobby, confirming
the architect’s emphasis on this component, where the museum visit was
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supposed to begin. It is also noteworthy that all highly integrated spaces in
MUG are on the main floor, whereas in the Guggenheim they spread almost
evenly on both floors. This mirrors Corbusier’s layout, which places almost
all exhibiting spaces on the same horizontal plane, while Wright’s idea was
the up and down viewing experience (Figure 12.17).

Correlating connectivity and integration, the Guggenheim spatial system is
more intelligible than MUG’s, which relates to the rotunda being the
strongest element in Wright’s conception, present in all schemes he
designed for the museum. In Corbusier’s project, although every turn
around the atrium is marked by an axis facing the exterior, local visual cues
relate less to the larger spatial structure than in the Guggenheim, but, on the
other hand, there are more route alternatives (Figure 12.16).

Solomon R. Guggenheim
Museum (1943-59)
Depth | 2 7o
Connectivity | 245 3T
Integration (Total RRA) 64,70 298,12
Integration (Mean Real
. 1,12 1,97

Relative Assymetry
Inr'wf'e'l'iéi'bi'lify' B CLa B

Figure 12.16

General data for Museum of Unlimited Growth and Solomon R. Guggenheim
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Figure 12.17

10% most integrated spaces in Museum of Unlimited Growth and Solomon R.
Guggenheim museum.

EBSCChost - printed on 2/8/2023 10:39 AMvia . All use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

The Galleria Progressiva in the Solomon R. Guggenheim Museum 219
and the Museum of Unlimited Growth

MUG’s VGA graph shows several locations with drastic visual field
variations, which concur for a richer experience. These spaces are located
mostly at the four axes overlaid on the spiral. Isovists in these spaces
illustrate extended visual fields. In the Guggenheim’s main spaces visual
fields do not change dramatically and the isovists, predominantly convex,
have a high clustering coefficient (visual information lost when someone
moves from one location to another), making it easier for interpersonal
encounters or co-presence to take place in such spaces (Figure 12.18).

Figure 12.18

VGA graphs and isovists in high visual integration spaces in the Museum of
Unlimited Growth and the Solomon R. Guggenheim Museum.

Conclusions

Overall, the MUG is a complex spatial system when it comes to convex
partition, as galleries contain more components than the Guggenheim. The
exhibiting spaces in the MUG vary significantly in size and shape compared
to Wright’s main spiralling galleries, offering visitors different experiences,
independently from which works of art would be displayed.

Due to its many internal rings, MUG’s system offers more crossline
trajectories than the Guggenheim’s restrictive up or down routes. At MUG,
visitors may either follow the spiral’s logic or detach from it through
permeable connections in between galleries. We wonder if walking freely,
visitors might even notice that the floor plan departs from a spiral. Perhaps
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Corbusier’s recurrent use of the architectural promenade and his awareness
of a possible labyrinthine effect lead to this less deterministic condition. In
the Guggenheim’s inaugural layout, although there were few extra routes
off the spiral, the main galleries were all in the rotunda, offering little chance
for casual exploration of the space. Le Corbusier’s spiral overlaid with four
axes defines the configuration per se, while in Wright’s layout, there is a
hybrid of spiral galleries and adjacent spaces (elevator, High Gallery and
monitor tower).

MUG’s exit is made via a transversal segment in line with the access and
populated with small mezzanines. At each turn around the central point of
the system, the visitor might cross this escape route and the remaining 3
axes of the swastika, a strategy to allow the eventually bored visitor to either
look outside or exit the building, suggesting that, while the spiral is used for
its efficiency in adapting to the structure’s future growth, it needed to be
altered to avoid compromising a more exploratory experience. Therefore,
more than Wright, Corbusier breaks away from the spiral and helps visitors
find themselves in the endless spiral, either by showing them the exterior or
letting them know they are about to initiate another turn in the spiral.

Going back to our initial questions, although testing visitor’s engagement is
part of an upcoming research phase involving simulations in virtual reality
environments, we begin to collect initial clues on which system would be
more favourable to engagement. Considering engaging as a condition
tending to draw favourable attention or interest, and the idea that “Museums
are safe and informal learning platforms, uniquely equipped to encourage
visitors to imagine, explore, and experience”,'” Le Corbusier’s concept for
the MUG seems to be more favourable to engagement than Wright’s
Guggenheim because it allows visitors to have a more exploratory visit by
maximising both route options and changes in visual fields during a visit.
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PARTITIONING INDOOR SPACE USING
VISIBILITY GRAPHS:
INVESTIGATING USER BEHAVIOUR
IN OFFICE SPACES

PETROS KOUTSOLAMPROS, KERSTIN SAILER,
TASOS VAROUDIS

Introduction

Evidence-based design is the practice of observing and recording human
behaviour in order to strategically inform design decisions. Studies show
that this practice is becoming more and more popular in the field of
architecture. Some studies claim that up to 80% of their respondents
identified the need to capture the effects of their designs® while others that
architects wanted to know more about new tools that enable them to inform
their designs.'® This interest has been especially prevalent in the design of
workspaces. Seeking to reduce space (and thus cost) and increase
productivity, companies have started looking into ways of collecting
information about human behaviour in their workplace and using that
information to re-design or optimise the office configuration.

In the search for patterns in human behaviour as they relate to the spatial
configuration of office spaces various metrics have been developed. Initially
the developed metrics were simple, such as the proximity between workers!
and the existence of barriers,’ but eventually more complex ones appeared,
such as zone and path overlap.'® ! These metrics have shown promise in
some cases but they have only been examined in a handful of spaces, tend
to be unique to each study and do not thus reveal generic patterns that are
true for any workspace.!® The field of Space Synta0x has examined more
complex methodologies, but those too have mainly been tested across small
samples®. In cases where the methods were tested in larger samples the

printed on 2/8/2023 10:39 AMvia . All use subject to https://ww. ebsco. coniterns-of -use



EBSCChost -

224 Chapter Thirteen

results tended to be inconclusive, or work with different subsets of cases.'?
16 Therefore, the absence of generic patterns can not only be attributed to a
lack of data, but also to the way of the methods themselves were
constructed.

One of the problematic areas in the existing methodologies is the
representation chosen to allow for the comparison of human activity to the
configuration of the space. A few have been proposed, especially within the
field of Space Syntax but they vary in how much detail they capture and
how well they are suited for the appearance of human behaviour which
occurs in distinct locations. The classic Space-Syntax representation of
longest lines of sight’ (axial-lines) focuses on movement rather than
occupancy of space and is very abstract thus providing very little of the
geometric intricacies of space. Convex spaces on the other hand provide
slightly more detail and focus on occupancy, but they cannot be re-created
reliably.!* The representation suggested by Turner ef al.'® known as
Visibility Graph Analysis (VGA) captures much more detail but, because it
is based on a lattice grid, it is inflexible when trying to identify larger
patterns of human behaviour.

In this paper, we suggest a spatial representation based on VGA that retains
the amount of detail captured but also allows us to examine these larger
patterns. We construct this representation by grouping continuous parts of
the lattice grid into larger areas using the existing VGA metrics. These areas
serve as the main unit of analysis and allow for a compromise between the
amount of geometric detail captured and flexibility when capturing human
behaviour.

We evaluate the results on a large dataset that contains information about
human behaviour and configuration of office spaces. Our aim is to reliably
identify whether areas that have the same properties attract the same
behaviour: for example, whether areas more central to the building
configuration attract more interaction or movement. We test across the
dataset for generic patterns, but we also examine each case separately with
the aim of understanding whether this methodology can be used to predict
activity for any single given site.

The next section will review the existing methods and representations and
provide details on their strengths and weaknesses. It will be followed by two
sections describing the dataset used for the evaluation, and the suggested
representation and methodology in detail. We will explain how this
representation is generated as well as which aspects of it are variable and
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can thus be tuned to better approach the problem at hand. The final three
sections describe the statistical testing framework used and its outcome,
discuss the results and their general implications in the field of spatial
analysis in the workplace and lay down future plans for the research team.

Literature Review

Human activity in space may be recorded in many ways, through sensors?,
video? or participant observations?. In all these cases, the output captured
is expressed spatially as points or traces on a plan, depending on the method.
In order to compare this output to the configuration of a space, a common
framework is needed that allows both the human activity and the properties
of the space to be quantified using the same general unit of analysis. Office
spaces are very complex with many more spatial parameters affecting
human activity than the ones examined in early research," 7 highlighting the
need for a more general framework, a reliable and fine-grained representation
of indoor space. Within the field of Space Syntax three such representations
have been proposed, axial lines, convex spaces and visibility graphs.

Axial lines were suggested by Hillier and Hanson in The Social Logic of
Space’ as the longest lines of sight that go through every space. These lines
may be generated through an all-line analysis of the space, which connects
the vertices of the walls of the plan between them and eliminates all but the
minimum required to reach every space in the building. Given their one-
dimensional nature they can very reliably represent linear spaces, such as
corridors, as a single unit, but cannot unambiguously represent square-like
spaces such as the large open-plan rooms found in office spaces. Axial lines
were also made to represent movement rather than occupancy, thus although
they can be used for indoor spaces, they are more suitable for urban scales
for example to represent streets.

Hillier and Hanson identified that limitation and suggested a complimentary
approach, what they called “convex spaces”. These are “the fewest and
largest possible convex spaces” that can be carved out of a space. The
process of constructing such spaces has been shown not be repeatable
reliably by Peponis et al.'* who examined the various existing approaches
and highlighted the ambiguity in the process, evident in the example seen in
Figure 13.1.
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I
1
Figure 13.1

Sample plan and its possible minimum partitions by Peponis et al.!*

While the lack of detail in both these representations can be thought of as a
weakness, it may also be seen as a strength. The fact that they abstract so
much of the geometric detail allows them to act as general units of analysis.
In the case of axial-lines, one may compare the properties of a line
(connections to other lines, depth) to the number of people found in its
proximity. Convex spaces are also useful in that regard because they allow
for comparing the properties of these spaces to the number of people within
them.

Visibility graph analysis was developed as an alternative by Turner'®. This
method suggested splitting a space using a lattice grid and connecting the
cells if they are inter-visible (through isovists as described by Benedict®),
forming thus a dense graph. The underlying lattice grid provides a uniform
unit of analysis (a cell) which also allows for a more detailed representation
of the spatial configuration. It also creates a requirement to choose between
the amount of detail and its ability to act as a general unit of analysis. If the
lattice grid is created with small cells, then it can capture more of the
geometric detail of the space, but the distinct locations of human behaviour
will be distributed to a small number of cells that are in close proximity.
This can be seen at the left in Figure 13.2 where the observations of people
moving (blue dots) can only be assigned to the cell that is closest to their
centre leaving the adjacent ones (pink) empty, although in terms of spatial
configuration they are likely very similar to the red ones. If a large cell size
is used, then more observations of human behaviour can be attributed to the
same cell, but not as much detail can be captured. A large cell size also
prevents the representation from capturing continuous space effectively. If
for example the cells are larger than the door openings then the space on
either side of the door will be inferred to be two distinct spaces as seen on
the right in Figure 13.2.
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Figure 13.2

VGA Cell size issues. Left: Observations of people moving (blue dots), stepping on
specific squares in the VGA lattice grid (red), while adjacent ones (pink), with
similar values are ignored (cell size=0.45m). Right: If the cell size is large enough
(1.5m) then the corridor and the meeting rooms are viewed as different spaces

In previously published research, we utilised VGA to identify patterns of
human behaviour in the sample of office spaces also used in this study. We
initially tried “smoothing” the human activity across the lattice grid using a
gaussian kernel function.'? This allowed cumulative effects to appear (see
Figure 13.3), i.e., all cells were affected by the observations of human
activity but the effect was greater for the cells closer to that activity. In a
second study,'® we examined the effect of human activity without this
smoothing, by matching activity to the lattice grid cells directly, as seen in
Figure 13.4. In both these cases the statistical tests returned insignificant
results, stemming from confounding factors, but also by the lack of a proper
method to generalise the presence of human behaviour.

Figure 13.3

Visual Mean Depth Interaction density from Koutsolampros et al.'?
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Figure 13.4

Visual Mean Depth (x-axis) and Interaction density (y-axis) for 27 case studies
combined from Sailer et al.'.

The small-scale decisions that happen during the design process specifically
require practical spatial units that can also allow for meaningful
generalisations of human behaviour. The above-mentioned lattice grid
provides units that are too small, making any insights impractical when a
designer is planning for whole rooms such as meeting rooms, kitchens, or
workspaces, that contain many more cells. Hillier and Grajewski® used
larger units (whole floors and buildings) in a study about configuration and
human behaviour for offices in the UK, Scandinavia, and the USA, thus
their results would only be useful in larger strategic decisions but not in the
case of the many small companies that typically occupy a few rooms or
floors within a building.

Data

To evaluate our representation, we examine an office-space dataset
provided by Spacelab, an architectural office and consultancy in London,
UK. The sample contains 34 different cases (sites), from 29 companies
across the UK, compiled from 2012 to 2017. The companies examined vary
in size (50 to 2700 desks) and come from different industries, such as Media,
Advertising, Technology, Legal, and Finance.

There are two types of data for each case: observation data collected by
participant observation® and visibility graph analysis. The observation data
is collected usually over a period of five days, every one hour for eight
hours, and it contains information of where people sit, stand, walk, and
interact as points on a plan. Visibility graph analysis has been carried out
with various versions of Depthmap'” and depthmapX'® that were available
when each case was collected. For every site we examined two VGA
metrics: Connectivity and Visual Mean Depth.
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Methodology

Given that we consider the existing general units of analysis inadequate to
capture both enough detail of the spatial configuration and sufficiently
generalise human behaviour, we developed a solution that lies between the
existing representations. Relying on the existing metrics of the VGA we
group the various cells into different continuous areas, creating partitions of
space similar to the convex-space representation. With this new representation
we may now aggregate the observations of activity by the number of times
it occurs within that specific group of cells, instead of matching each activity
to a specific cell. This alleviates the problem of the activities happening in
discrete cells and allows for general units of analysis comparison (areas)
that more accurately describe the space than axial lines or convex spaces.

The process for generating these areas follows four steps:

= Construct a visibility graph and select a metric, e.g., Connectivity;

= Split the distribution of the metric into two par