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Note on the figures in this book

The compilation of the figures from the 20 pieces included in this volume was a
vast exercise. We decided early on that where possible we would redraw images
both to improve the readability of the many illustrations that have lost quality in
the publication process, but also to introduce a uniform look to the book. There are
some instances where we have preferred to use images from Bill Hillier’s lectures,
especially if these were in colour. Copyright has already been obtained for published
papers, with third-party images updated with fresh copyright permissions. In a
handful of instances we have been unable to obtain permission and have omitted
the figure, but these are rare, and quite insignificant instances. The endnotes point
to any significant changes or omissions, while the text has been revised to reflect
two types of changes: where lengthy captions have been incorporated into the
main body of the paper, or where colour images have replaced greyscale ones.

The editors are grateful to Emad Alyedreessy for his contribution to the book
in redrawing many of its images. Dr Alyedreessy is a UK registered Architect who
recently completed a PhD in Architecture at Northumbria University. His doctoral
research project examined the relationship between spatial configurations and
social solidarity in large-scale contemporary co-living buildings using several
space syntax methods. The editors also wish to acknowledge the contributions
to the illustrations made by Ruth Conroy Dalton, who created and refined many of
the images.

The editors would like to give a special thanks to Dr Sheep Dalton for writing
a new piece of software, Phoenix, which was used to reprocess old Axman software
files to obtain production-quality images for the book.

Image credits

Unless noted otherwise, all images are copyright of Bill Hillier’s estate.
By John Peponis: 7. Space syntax: A different urban perspective, Figure 7.1.
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By Ruth Conroy Dalton: 15. Specifically architectural theory: A partial account
of the ascent from building as cultural transmission to architecture as theoretical
concretion, Figure 15.40. All remaining line drawings were a joint effort by Dr
Emad Alyedreessy and Professor Ruth Conroy Dalton, with the exception of the
colour diagrams extracted from Bill Hillier’s archives.
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Foreword

The publication of this book coincides with the 50th anniversary of the programme
of architectural research known as space syntax, which was initiated by Bill
Hillier and colleagues in the early 1970s. While his earliest work took place at the
Royal Institute of British Architects, Hillier was appointed director of the Unit for
Architectural Studies in the then Bartlett School of Architecture and Planning at
University College London in 1974, the year when one of his pioneering papers
with Adrian Leaman, ‘How is design possible?’, was published. The first article on
the research programme of space syntax, co-authored with Adrian Leaman, Paul
Stansall and Michael Bedford, followed in 1976 — with a series of essential papers
developing the theories emerging in the following years — all of which appear, in
freshly illustrated transcriptions, in this volume.

A comprehensive theory for the discipline of space syntax was first presented
in The social logic of space, co-authored by Bill Hillier with one of his most impor-
tant collaborators, Julienne Hanson, in 1984. The influence of the discipline
beyond academe has been profound from the start, while the first such project to
attract public attention was the masterplan for the King’s Cross area, developed
by Norman Foster in 1988. With the growing demand from policy and practice
for input from the theories and methods, Space Syntax Ltd was formed in 1989 to
focus on the application of space syntax in professional practice through design,
policy development or performance modelling.

Anotherlandmark came when Hillier reported the latest fundamental insights
from research in Space is the machine, published in 1996, where he revisited the
underlying theoretical premises of space syntax. A year later, the first international
symposium on space syntax was held in London, attracting a wide variety of
papers. There have been 13 more biennial symposia since then, held in Brasilia
(1999), Atlanta (2001), London (2003), Delft (2005), Istanbul (2007), Stockholm
(2009), Santiago (2012), Seoul (2013), London (2015), Lisbon (2017), Beijing
(2019), Bergen (2022) and Nicosia (2024). Space syntax research is now pursued
in many universities and countries around the world and space syntax literature,

FOREWORD

xlv


https://uk.sagepub.com/en-gb/eur/pre-approved-permission-requests-journals
https://uk.sagepub.com/en-gb/eur/pre-approved-permission-requests-journals

xlvi

both scientific papers — the Web of Science identifies about three thousand papers
when queried with keyword ‘space syntax’ — and scholarly books is burgeoning.
It is likely that more of the ideas, concepts and techniques of analysis originally
developed in the context of space syntax will continue to be integrated into the
mainstream discourse in architecture, urban design and planning.

Few programmes of architectural research have benefitted from a trajectory
of continuous and consistent development and application in professional practice
over such a prolonged period of time. This book, however, does not aim to chart
the development of the field of space syntax as a whole. Rather, it highlights the
evolution of the ideas of Bill Hillier by bringing together a selection of his papers
published between 1974 and 2012, whose ideas remain fundamental to space
syntax as a programme of research. At the same time, as indicated by the growing
citation record of Hillier’s major books, they are of interest not only to many of the
people who study architecture as a discipline but also to those working in fields
of enquiry as diverse as archaeology, anthropology, sociology, environmental psy-
chology, cognition, geography and computational spatial analysis.

Each of the papers in this collection is introduced in a short essay by a differ-
ent scholar, offering a perspective on its significance, a critical commentary and,
in some instances, suggestions regarding extensions yet to be explored. Thus, the
essays are intended to prompt the reader’s own critical reflection. The Introduction
provides an underpinning to the ideas presented throughout this book. The original
texts are reproduced with the minimum corrections necessary.
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Introduction
Keys to Bill Hillier’s thought on architecture

John Peponis, Ruth Conroy Dalton and Laura Vaughan

An introduction recognising, tracking and summarising all the multiple strands of
ideas developed by Bill Hillier over the course of 40 years would compete with the
main aim of this book, which is to provide the reader with direct access to original
papers. Significant effort would also be required to situate Hillier’s ideas within the
context of the extensive and diverse bodies of literature to which he refers, or with
which he is known to have engaged, at least by his students and close associates.
Our first and more limited aim here is to identify key propositions and theses to
help readers make their own maps and connections. This will be followed by brief
comments on some of the threads and themes that run through the work.

Buildings have four generic functions
(Hillier and Leaman 1972; 1974; 1975; 1976; Hillier, Musgrove and O’Sullivan
1972)

Buildings mediate social relationships between people and also between people and
nature. They are defined according to four generic functions. They modify activity
and behaviour, climate and environment, material and economic resources, and
the symbolic systems that constitute a culture. The effects of buildings upon the
activities and behaviours of their inhabitants are mediated by cultural norms,
conventions, habits and ways of thinking. The effects upon the environment
are mediated by the deployment of technological and human resources. Thus,
building functions can be studied from two points of view: the performance of a
given building or set of buildings; and the collective knowledge and languages of
description and representation that underpin the design of families of buildings for
human purposes at a particular point in time. At their best, architectural research
and theory should be organised into different strands according to the general
functions addressed.
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The idea of generic function is fundamental to the growth of Hillier’s research
programme and to the growth of architectural research at large. Generic functions
provide an entryway and the keys to the analysis of spatial form. Lawfulness in
morphological phenomena is unlikely to be revealed when we address specific
itemised needs or programmatic requirements. These are built upon generic
affordances and functions and the task is to understand how this is possible and
the forms it takes. In Hillier's own work, of course, the focus is upon analysing
how buildings modify activity, behaviour and the symbolic systems that constitute
culture; climate and resource modification are not discussed.

Design is made possible by cognitive pre-structures
(Hillier and Leaman 1974; 1975)

A simple enclosure, one of the most elementary moves by which space is
organised for human purposes, is already a structure of relationships. An interior
is distinguished and set apart from the circumjacent space. By implication, a
surrounding neighbourhood is defined whose outer boundary needs not be
demarcated; what happens in this neighbourhood, for example whether another
enclosure can be built, or an activity occur, becomes associated with the initial
enclosure by virtue of spatial proximity. For the interior to be useful, an opening
is required which simultaneously connects the interior to the exterior and allows
the exercise of control over the threshold. Finally, the possible creation of another
enclosure, in the neighbourhood, or at a distant and independently defined
location, entails a potential relationship of similarity whereby multiple interiors
are recognised as members of a set, or class, distributed across space. Thus, the
potential for categoric differentiation and definition, the potential for control over
the relationship of differentiated categories, and the potential for relationships
based on spatial proximity or structural similarity across space are all intrinsic to
the creation of an elementary enclosure. Every new physical intervention — every
new wall, enclosure, or opening — has an effect on the spatial relationships already
present, as will be discussed later.

The encoding of logical relationships into spatial form provides a basis for
built space to be organised and to function socially. In this way, a close relationship
is established between the physical world and our mental conception of it. As design
operates on physical entities to create spatial relationships, so it also reproduces or
transforms the way in which space is conceived. Codes linking the organisation of
physical boundaries to logical relationships and to generic functions are the deeper
cognitive pre-structures that make design possible. The task of theory is to bring
such codes to light and to support their intentional transformation.
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Design is knowledge-based creativity
(Hillier, Musgrove and O’Sullivan 1972; Hillier 1996)

Design engages different kinds of knowledge. First, knowledge of precedent,
including prevalent solution-types to recurring and familiar design problems. Second,
knowledge of tools or ‘instrumental sets’, including available technologies, materials
and types of construction. Third, critical reflection and theory-making regarding
the underlying principles and assumptions, often tacit, through which form and
its functions are understood. This includes the development of testable models of
building performance relative to the generic functions.

The relation of design to knowledge is best approached in terms of testing
conjectures. Conjectures, at the earlier stages of design, spring from a designer’s prior
knowledge of design possibilities and appropriate responses. Analytical theories,
systematic comparative analyses of precedents and research-based performance
models come into play as these conjectures are tested to be rejected, transformed,
developed or accepted. The conjecture-test model of design embraces the dialogue
between imagination and knowledge.

Insofar as architecture and the formulation of architectural design intent
involve a critical questioning of solution types, instrumental sets, and underlying
assumptions about the relationship of form and function taken for granted in the
production of buildings, one can say that architecture ‘adds theory’ to building.

Socio-spatial morphology as a function of topological
restrictions on a random process of growth

(Hillier and Leaman 1975; Hillier, Leaman, Stansall and Bedford 1976; Hillier and
Hanson 1984)

Morphology is the systematic study of possible forms based on explicitly
formulated generative principles. In Hillier’s early work, spatial morphology is
founded on the idea of restrictions placed upon an otherwise random process
of growth. Growth is conceived as a pattern of aggregation and arrangement of
elementary enclosures, such as described above. In the absence of restrictions
that have a social reasoning, new enclosures might be scattered randomly over
the land, subject only to limitations arising from geography and landscape. The
question then becomes: what form might potential restrictions on such a random
process take? In the foundational texts, restrictions are formulated in terms
of basic topological relationships, such as those that Piaget argued are at the
foundation of the development of human spatial cognition.! Elementary structures
can be adjacent and contiguous to each other, inside each other, or placed so as
to define an open space between them. Adjacency, insidedness, betweenness and

INTRODUCTION



permeability — which are necessary to provide access into each enclosure or
between contiguous enclosures — are, therefore, the fundamental relationships.

In Hillier and Leaman (1975) the variability of the structures arising from
the application of different aggregation rules is discussed with an emphasis on the
density or sparseness implied by the restrictions placed by different generative
rules. By the time of the publication of ‘Space syntax’ (Hillier, Leaman, Stansall
and Bedford 1976), only a year later, eight possible generative rules had been
identified that, working severally or in conjunction, were able to account for the
rich variety of recorded forms across cultures and historical periods. To facilitate
the precise definition of the generative rules, a notational language was being
developed in parallel, right from the outset. This found its most complete and
concise formulation in The social logic of space (Hillier and Hanson 1984), which
presents the eight generative rules previously identified in ‘Space syntax’ with
some refinements of definition and a new interpretation of their underlying logic.

The underlying logic of the generative rules is fundamental to the conceptual
fabric of early space syntax theory. One dimension of logical variability is the
extent to which the spatial structure that emerges from a process of aggregation
is defined equally by all elementary units involved, or dominated by only a few of
them. For example, when elementary enclosures are arranged to surround, and
thus define, an open space between them, the emergent structure of containment
(of a courtyard or other common ground) is distributed: all units partake
equally in its definition. When, however, units are aggregated inside a larger
primary enclosure, the emergent structure is nondistributed: the surrounding
boundary plays the primary role in restricting the future relationship between the
units. The other dimension of logical variability is the extent to which elementary
units are syntactically (space syntax commonly uses the term ‘syntactic’ and its
derivatives) interchangeable or not. When, for example, units are aggregated
according to a simple rule of adjacency, their relationship is symmetrical. Each
unit equally participates in the emergent pattern and thus can be interchanged
with others. When, however, each new enclosure is placed around another, the
relationship between the elementary enclosures is asymmetrical. Each holds a
unique place in the order of containment.

As important to the logical relationships between generative rules is the
distinction between the rules themselves and their outcomes. Once restrictions are
placed on a process of growth or aggregation which is otherwise random, laws of
a mathematical nature continue to operate and to affect the outcome. Outcomes
can thereby have systematic properties that are not explicitly inscribed in the
rules themselves. Take, for example, the process of aggregation of paired couplets
of an enclosure and an open space according to the rule that the open space of
the next couplet should be joined to the open space of a couplet already present
in the pattern. The rule itself only specifies a local adjacency. But the emergent
pattern has additional properties: the network of open spaces is continuous and
forms circulation loops around building-islands of varying sizes; it is everywhere
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characterised by the succession of narrower and wider open spaces; and, in the
earlier stages of growth, every open space in the middle of the aggregate is linked
to the outer perimeter by an unobstructed straight path. In short, the emergent
global structure has its own characteristic properties which are not inscribed in
the rule itself. Once these properties are understood, human agency can intervene
to direct further evolution. For instance, the unobstructed links between the
innermost open spaces and the perimeter can be preserved over future growth by
additional restrictions, thus giving rise to continuous linear successions of open
spaces, akin to irregularly delimited ‘main streets’ — a possibility taken up by Hillier
in ‘The architecture of the urban object’ (1989).

The logic of the morphogenetic model described is already social, in the
same sense that language is already social: the model rests on the cognitive
capacities of the human mind; its structure exists independent of the individual
subjects that may deploy it; and its application occurs in the context of a social
organisation of human activity. But how can spatial forms be associated with
different kinds of social organisation? In an earlier work (Hillier and Leaman
1975), two interlinked ideas are brought to bear on the question. First, that dense
agglomerations indicate an instrumental use of space, to facilitate encounters,
interactions and exchanges by bringing things together; sparse aggregations, on
the other hand, indicate that space is used to express symbolic orders, to keep
spatially demarcated categories apart. Second, that dense agglomerations are
associated with the form of social solidarity that Durkheim (1933) calls organic:
society is held together by the division of labour leading to interdependence.
Sparse agglomerations are associated with a form of solidarity that Durkheim calls
mechanical: society is held together by common beliefs, rituals and customs, a
shared symbolic order. Perhaps the two ideas can be expressed very simply: spatial
boundaries can be used to include and to exclude; this is the foundation of the
social logic of space. Sometimes, space works to create relationships that integrate
the differentiated parts of society. Sometimes it is used to keep the differentiated
parts apart. Sometimes space works to reinforce the primary principles of social
solidarity. Sometimes it works to provide an alternative basis for social encounters
and relationships (Hillier, Leaman, Stansall and Bedford 1976). Thus, space does
not ‘mirror’ society but acts as one of its constitutive dimensions.

Representing and measuring spatial relationships: From
organising principles to perceptual affordances

(Hillier, Hanson, Peponis, Burdett and Hudson 1983; Hillier and Hanson 1984;
Hillier, Burdett, Peponis and Penn 1987)

The measurement of spatial relationships for the sake of comparative analyses

was initially consistent with the focus of socio-spatial morphology on topological
relations. Imagine a building with all its doors closed. The interior is divided into
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a number of discrete spaces, each with its enclosing boundary, however irregular.
Open the doors and identify the permeable connections between the constituent
spaces. Represent the relationships thus identified as a graph, where each node
represents a space and each edge represents a permeable connection.? The distance
between any two spaces is measured by the minimum number of thresholds, or
intervening spaces that must be crossed to get from one to the other. Hillier and
Hanson (1984) use the term ‘depth’ to describe distance measured in this way.

The graph representation captures the underlying topology. Four basic
unweighted graph-theoretic measures are applied, to describe each space.
The number of direct connections to neighbouring spaces is a measure of local
connectivity. The sum of the reciprocals of the number of connections of each
neighbouring space is a measure of how far each space exercises control over local
access to its neighbours. The mean depth from all other spaces is a measure of
‘closeness centrality’; Hillier and Hanson use the term integration. The proportion
of shortest paths between all possible pairs of origins and destinations that go
through a space is a measure of ‘betweenness centrality’; Hillier and Hanson use
the term choice. Each space in an interior is described according to these measures
and also by its depth from the ‘carrier’ — a term used to describe circumjacent space
external to the system.

Closeness centrality is linked to the idea of asymmetry. The greater the
boundary-distance between spaces, the greater the asymmetry in that access to
some spaces depends on first traversing others. On the other hand, the presence
of circulation loops implies that control over access is distributed: there are
alternative ways to reach spaces. This is captured by lower choice values. Thus,
the unweighted graph-theoretic measures of the properties of spatial patterns are
congruent with the underlying dimensions of variability of the generative rules.

The ideas described above cannot be applied to continuously flowing space,
whether building open plans or irregular rooms, or open public spaces and street
systems. The resolution of the problem of analysing continuously flowing space
is a major contribution of the collaboration of Hillier with Hanson. It is proposed
that continuous space can be broken up into discrete connected spatial elements in
two ways. The relevant locally circumscribed unit is a convex space, that is, a space
any two points of which can be linked by a straight-line segment that lies entirely
within the space. A layout is partitioned down to the fewest and ‘fattest’ (namely,
approximating a simple square or circle) connected convex spaces that could
fully cover it — an intuitive rule that has not been amenable to exact algorithmic
interpretation. On the other hand, the relevant extensive unit is the uninterrupted
straight line of sight that constitutes potential movement along an axis. A layout
is covered by the fewest and longest continuously intersecting lines (the term
used was ‘axial lines’) that would cover all the convex spaces and all the possi-
ble circulation paths around boundaries. A precise algorithmic application of this
rule was proposed years later,® and efficiently implemented, with some original
modifications, by Turner and colleagues.*
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To arrive at calculations of centrality, distances were intentionally
measured in terms other than path length. In the case of the line-based map,
the measure of distance was associated with direction changes occurring as one
moved from one line to another. In the case of the convex map, distances were
measured by the number of convex spaces that had to be crossed to go from one
place to another.

The invention of the convex-based and the line-based representations
of spatial patterns carried with it some fundamental shifts in the intellectual
foundations of morphological analysis, relative to the earlier period. First and
foremost, analysis became sensitive to dimension and shape. The number of straight
lines needed to represent a curved street depends on the street’s width and the
street’s curvature; similarly, two slightly offset linear streets meeting the two sides
of a main street at two proximate but distinct T-junctions could be represented by
a single line cutting diagonally through them, or require separate lines depending
on street width and the distance between the offset intersections. Thus, while the
measures applied in analysis were still not directly responsive to metric shape or
dimension, the underlying representations upon which the measures were based
became shape- and dimension-sensitive.

Second, the new representations were more tightly linked to perception
and the affordances of the environment relative to basic human functions of
space. A convex space, for example, allows each of its potential occupants to see
and address all others, a relation of generalised reciprocity that would not prevail
in an L-shaped room. A long line of sight and potential movement extending out
from a particular location provides orientation relative to potential destinations.
It can also provide the opportunity to pass by any number of individual building
entrances along the way, thus linking them by association with a linearly extended
visual horizon.

The analysis of spatial patterns in terms of relationships that underpin
perceptual affordances was further enriched when visibility polygons, or ‘isovists’,”
were added to line-based and convex-based representations.® A visibility polygon
represents, in plan, all the area that is readily visible and accessible from a point.
Its perimeter is defined by two alternative conditions: physical boundaries that
manifestly block views and movement; and occluding edges, that is, edges of the
visual field that are open towards further accessible space ‘around the corner’.
The family resemblance of ideas that made the incorporation of visibility polygons
into Hillier’s thinking natural is easy to intuit. Walking to the occluding edge of
a visibility polygon to then change direction and move across it into previously
invisible extensions of space is analogous to reaching towards the end of a straight
line of movement to then change direction and move along the next intersecting
line. One is essentially dealing with the way in which continuously linked space
unfolds around boundaries as one moves in it.

The sensitivity of spatial analysis to geometric properties was further
enhanced when angular distance was substituted for lines distance thanks to the
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conceptual innovations and computational solutions introduced by Dalton and by
Turner.” Lines distance does not take into account the angles involved in direction
changes. It is based on the minimum number of turns required to go from one place
to another irrespective of the rotation of each line relative to another. Angular
distance is measured by the minimum aggregate rotation angle required to reach
one place from another. In the later papers by Hillier (2012a, 2012b, 2016), both
closeness centrality (integration) and betweenness centrality (choice) are regularly
measured based on angular distances as well as turns distances.

Space as a morphic language and ‘space syntax’
(Hillier, Leaman, Stansall and Bedford 1976; Hillier, Hanson, Peponis, Burdett and
Hudson 1983; Hillier and Hanson 1984)

Linguistic meaning is encoded in the social creation of a vocabulary, but also
through the arrangement of words in sentences that meet grammatical and
syntactic rules. While natural languages have very rich vocabularies, artificial
languages such as mathematics and musical notation have limited vocabularies
of symbols. In the case of mathematics, meaning resides in the creation and
observance of the rules by which symbols are combined into valid statements. In
the case of music, meaningfulness arises from the ways in which a small repertoire
of notes and relative durations is deployed to create complex compositional
patterns. Hillier and his colleagues, including at that time Paul Stansall, suggested
that built space is a morphic language: it is based on the deployment of a small
vocabulary (physical boundaries and separations, spatial demarcations and
differentiations, accessible connections and visual connections) that is used to
create complex spatial structures that are characteristic of cultures, organisations,
institutions, communities and social groups. This insight has led to the adoption of
the term ‘space syntax’ to describe the approach to spatial morphology which was
developed to address the social logic and functions of built space.

‘Space syntax’ analysis came to encompass the earliest emphasis on abstract
topological relationships and the later emphasis on relationships descriptive of
generic perceptual affordances. The work of Hillier has typically not addressed
aspects of spatial vocabulary commonly associated with different styles: for
example, whether all corners of a room are built, as in the classical tradition, or
whether a room is defined by free-standing walls that extend outwards from its
interior without interruption, as is often the case with the open plans of Mies van
der Rohe, or whether the corners of a room are left visually open, as is sometimes
the case with Frank Lloyd Wright. Whether the idea of built space as a morphic
language can be extended or refined to offer new insights on the ways in which
underlying relationships are realised in particular design languages remains an
open question in the work of Hillier.

SPACE SYNTAX

Syntactic dimensions of the social categorisation of space
(Hillier and Hanson 1984; Hillier, Hanson and Peponis 1984; Hillier, Hanson and
Graham 1987)

The emphasis on syntactic relationships brought forth a shift in the approach to the
social categorisation of space. Earlier work (Hillier and Leaman 1975) envisaged
the possible development of a theory of how particular constellations of ideas and
distinctions used to describe types of space arise in conjunction with the evolution
of the spatial form. Later work addressed different questions. First, given a set of
socially differentiated and labelled spaces, what are the syntactic relationships
between the spaces to which the labels are assigned? For example, in a sample of
cottages and terraced houses in England, the living room, a space of everyday life
and interaction, is always more integrated into the rest of the ground floor than
the kitchen, a room traditionally dominated by women; the kitchen is in turn more
integrated than the parlour, a ‘best room’ at the front of the house, typically reserved
for special occasions (Hillier and Hanson 1984). The invariant order of integration
of such commonly labelled domestic spaces is akin to a socio-spatial genotype. The
key idea is that categorial differentiation is mapped onto syntactic differentiation:
different labels, and hence functions and roles, are assigned to spaces which are
syntactically non-equivalent and thus non-interchangeable. Spaces assigned differ-
ent function labels, such as ‘living room’, ‘classroom’ or ‘patient room’, essentially
enter syntactic relationships as elements of distinct kinds; thus, in a home, a school
or a hospital, syntactic rules may apply to the relations of the spaces of the same
label relative to the spaces of another: living rooms may be more integrated than
kitchens, classrooms are likely to be grouped by corridor or wing and have easy
access to libraries or resource centres, and patient rooms are likely to be visible
from or at least easily accessible from nurses’ stations.

Hillier allows that the assignment of different labels to previously equivalent
positions adds restrictions to their interchangeability which are not evident
from the mere visual inspection of a layout. For example, in the Bororo villages
described by Lévi-Strauss, residential huts are arranged around a men’s house.
However, the apparent interchangeability of any hut with any other disappears
when one takes into account that the space of the village is divided by two diametric
oppositions: there are two exogamous and intermarrying moieties and the huts
of each occupy the north and south halves of the circumference of the circle,
respectively. Furthermore, the eight clans are split into an upper and lower group —
or an upstream and a downstream group when the village is built near a river — and
the huts of each group are also arranged on distinct halves of the circumference
along the east-west axis. Thus, in some cases, such as the Bororo villages, the social
categorisation of space is not grafted onto concomitant and invariant syntactic non-
equivalence but adds semantic restrictions to the way in which otherwise equivalent
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spaces are assigned to occupants and uses. We note that Hillier and Hanson (1984,
p. 206) use the expression ‘semantic illusion’ as part of their argument that the
effects of semantics can be incorporated into more elaborate syntactic descriptions
and thus do not challenge the underlying syntactic analytical framework.

The social logic of spatial syntaxes, however, revolves not only around
categorisation but also around the manner in which generic syntactic properties
are invested with social function over and above categorisation. For example, the
most integrated spaces might be associated with main functions of everyday life;
or they may be narrow corridors, passages or lobbies. In the first case, integration
works to bring people together and create opportunities for interaction; in the
second case, it works to maintain the separation of the main functional spaces,
even as it facilitates transitions from one to another; particularly so when openings
are so disposed as to restrict views from one main space to another, across the
mediating passage.

The morphology of movement and co-presence and the creation
of social life

(Hillier, Hanson and Peponis 1984; Hillier, Burdett, Peponis and Penn 1987; Hillier
1988; Hillier 1989; Hillier and Penn 1991; Hillier, Penn, Hanson, Grajewski and Xu
1993; Hillier 1996; Hillier and Tzortzi 2006)

The idea that the spatial organisation of the built environment enhances or limits
everyday opportunities for co-presence and interaction has been present since the
early work of Hillier and Leaman (1975). It remains fundamental to the theoretical
models of the relationship between space and society advanced in The social logic
of space. Indeed, Hillier and Hanson (1984) go beyond the question of whether
space supports denser or sparser, inclusive or exclusive, patterns of co-presence
and interaction. They set the foundations for an analysis of distinct types of
encounter patterns treated as a spatio-temporal morphology, a direction of enquiry
later pursued, but only partly, by others® taking a network analysis approach to the
study of social relationships. Nevertheless, a critical moment in the development
of the research programme of space syntax came with a subsequent and initially
serendipitous discovery. In order to test the idea that housing estates were
associated with lower rates of human presence in open public spaces compared to
ordinary streets, rates of encounter were measured. An unexpected positive and
strong correlation was found between the number of people moving in a particular
street within the area of Barnsbury, in London, and the degree of integration of
that street into the surrounding street network. The correlation was subsequently
found to hold in different areas of London, at a variety of scales of spatial analysis,
and became the foundation of the idea of ‘natural movement’.

‘Natural movement’ was an expression used by Hillier to refer to the fact
that the distribution of people over the streets of an urban area is determined by
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the syntax of the street network, even though the aggregate volume of people is
obviously affected by land use and development density — the correlation discovered
while studying areas in London was subsequently confirmed for samples of cities
around the world. In essence, urban centrality describes both a morphological
condition, as measured by integration, and a social outcome, as measured by the
volumes of pedestrian movement and presence.

Several arguments were pursued in extension and in interpretation of this
empirical finding. First, urban space was seen to support an ambient sense of
community, distinct from the communities of interaction and the communities
of common interest studied by sociologists — Hillier used the term ‘virtual
community’ to describe the sense of being a member of a society that emerges
from regular encounters with others, familiar or unfamiliar, recognised or
anonymous, locals or visitors, in public space. Second, the effects of urban space
on the distribution of movement and co-presence become a dimension of urban
economy: retail and other land uses that depend upon the passing trade seek the
advantage conferred by syntactic centrality. The extent to which syntactically
central, or integrated, streets are distributed throughout the urban realm, or
clustered in particular locations, becomes associated with the distribution of
social and economic vitality at various scales.

The pattern of natural movement did not hold in studies of social housing
estates, where the small number of people present in public space decreased as
distance from the perimeter, measured by the number of turns, increased. This was
interpreted as having resulted from various kinds of discontinuity that characterise
the relationship of estates to the circumjacent street network. Entrances facing
inward into courtyards; unoccupied open spaces functioning as boundaries;
proximate and successive changes of direction discouraging entry for those not
living on the estate; labyrinthine internal layouts: these were all forms of ‘hard’
or ‘soft’ discontinuity. Paradoxically, designs that were aimed at strengthening
local communities were said to be functioning to create enclaves of isolation, by
eliminating through-movement and by encouraging inhabitants to find the shortest
ways out. Perhaps this resulted from an association, in the mind of some architects
and sociologists, of local community with enclosure and territoriality. Design
motivation aside, however, research showed that certain types of local layouts
cause a breakdown of what otherwise appears as a generic association between
the syntax of street networks and the distribution of movement and encounter.
Supposing the creation of virtual community to be an important contribution
of urban space to the creation of society, this means that estate designs were
dysfunctional.

Movement densities and syntactic integration were also correlated in some
building interiors, including work environments (Hillier and Penn 1991) and
museums (Hillier and Tzortzi 2006). And yet, in contrast to street networks, building
interiors are designed in response to complex and type-specific programmatic
and functional requirements, associated with different kinds of organisational,
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managerial or institutional practices (Hillier, Hanson and Peponis 1984). Thus, the
ways in which the syntax of space supports or hinders co-presence and encounter
depends upon the interfaces between circulation and a rich variety of behavioural
settings. Of course, the sense of liveliness of a street is linked to the interface
between private interiors and public space, the number of entrances or the spread
of shop frontages. In the case of building interiors, however, the idea of a movement
interface needs to be extended to encompass the relationship between circulation
and meeting rooms, formal and informal, large and small, enclosed or open; social
amenities such as lounges, coffee bars or break areas; supporting facilities such as
libraries, resource and information centres; reception lobbies, halls and waiting
rooms; and, of course, the different work-related functions, such as, for example,
desk-stations, laboratory benches, workshop areas or project rooms. In the face
of the variety of the encounter-generating interfaces between movement and
specific behavioural settings, one useful generalisation is the distinction between
circulation spaces that are self-contained and well separated from main uses, as is
often the case in large hospitals, and circulation spaces that are more open towards
the circumjacent areas they traverse as is usually the case in retail environments or
open-plan offices of different kinds.

The correlation between the distributions of movement and syntactic
integration, and the idea that movement is a generator of encounter opportunities,
became central tenets in Hillier’s thinking about the social functions of space.
They provided a basis for fleshing out the earlier hypothesis that the social
function of architecture is not merely to frame social life, through patterns of
categorisation and control over access, but also to generate it. The design of built
space creates social life when it creates opportunities for co-presence, interaction
and co-awareness.

Three kinds of lawfulness
(Hillier 1985)

The discovery of the natural movement principle led Hillier to define three kinds
of lawfulness that underpin the social organisation of space. The first kind of
lawfulness arises from mathematical constraints of possibility and links generative
rules to morphological outcomes through emergent properties: consistent
relational structures are the outcome of the repeated application of rules that in no
way contain a prior description of these structures. The second kind of lawfulness
bears upon the ways in which categorical distinctions and relations of control
are mapped onto the objective properties of spatial patterns. The third kind of
lawfulness concerns the generative effects of the organisation of space relative to
social encounters and interactions.

Based on laws of the second kind, the invariant properties of the organisation
of space contribute to the reproduction of social order. By contrast, laws of the
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third kind allow space to work generatively, that is, to support stable opportunities
for co-presence and encounter which can lead to new social relationships of
cooperation, communication or exchange. Thus, the dynamics of the production
and reproduction of social structure, already addressed in The social logic of space
(Hillier and Hanson 1984), are articulated in more precise terms. Lawfulness of
the first kind may be seen to mediate between laws of the second and third kind.
On the one hand, the generative rules applied to the production of built space may
encode genotypical requirements associated with the distinction of categories
or the imposition of control. On the other hand, however, the distribution of
movement and the resulting opportunities for encounters are a function of the
overall structure of space as it emerges from the interaction of generative rules
and the objective laws of spatial possibility. Thus, social processes structure
space, but the properties of the emergent structure of space respond to society and
produce their own social effects.

Functionality passes through intelligibility
(Hillier, Burdett, Peponis and Penn 1987; Hillier 1996; Hillier and Iida 2005;
Hillier and Vaughan 2007; Hillier 2012a)

The early work of Hillier and Leaman (1973, 1974) saw the relationship of human
to artificial environments as primarily cognitive, with regard to not only the design
and production but also the appropriation, inhabitation and use of built space.
Furthermore, Hillier and Hanson (1984) assert that the question of how space is
socially constructed is closely linked to the question of how spatial patterns are
described. At the same time, and as a corollary of the emphasis on cognition, the
earliest work as well as the latter (Hillier 1996) distinguish between intelligibility —
the understanding of abstract organising principles within a built scheme — and
visibility — the perception of spatial relationships.

But once space syntax analysis came to embrace the representation of
perceptual affordances — such as the extension of uninterrupted lines of movement
and sight, or the partitioning of open space into convex elements that associate
co-presence with co-visibility — the question arose as to how the transition from
the visible to the intelligible should be effectively conceptualised. In response,
intelligibility was technically defined as the correlation between local properties
of space, that can, by definition, more easily be perceived, and global properties
that can only be understood through cognitive effort. The simplest and earliest
technical definition of intelligibility was in terms of the correlation between the
variables of connectivity and integration (closeness centrality) applied to the analy-
sis of line representations of street networks, namely, axial maps. Hillier, Burdett,
Peponis and Penn (1987) reported that the predictability of movement densities
based on integration was stronger when the technically defined intelligibility of
street networks (the correlation) was higher. Insofar as one of the functions of street
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networks is to distribute movement over an urban area, one could say that early
research on natural movement demonstrated that functionality worked through
intelligibility. The idea was taken up again as part of the formulation of the theory
of natural movement (Hillier, Penn, Hanson, Grajewski and Xu 1993).

Hillier (1996) went on to argue that urban intelligibility, as technically defined,
is more likely to occur when some of a settlement’s lines of sight and movement are
significantly longer than others. The longest lines of sight and movement usually
intersect at wide angles to form continuous path sequences. This creates a cognitive
ossature that facilitates navigation in urban areas. In other words, intelligibility is
a function of the way in which spatial systems are scaled, including the scaling of
perceptual affordances. The argument has inspired research in spatial cognition and
wayfinding.’

For large systems, intelligibility cannot be reduced to the relationship between the
local relations we perceive and the relations that we build in the mind as we come
to understand spatial systems. A broader question is how our understanding of
spatial structure encompasses different scales. Hillier (1996) addressed that
question by considering the way in which urban areas, as conventionally identified
and named, are related to the global structure of cities. He did this by looking at the
relationship between integration at the scale of the city as a whole and integration
within a restricted radius of analysis. Named local areas in Greater London such as
Soho are characterised by a tighter correlation between the local radius of
integration and global integration than prevails for the city as a whole or for the
larger unit containing the smaller. So, for example, the City of London has a tighter
correlation between radius integration and integration than Greater London, and
the Leadenhall Market area has a tighter correlation than the City of London. Our
collective recognition of distinct local areas is associated with objective
morphological properties. The finding is significant because it suggests that the
identifiability of urban areas is a function of the way in which local scales of
connection are embedded within global scales. Identifiability can arise from
intensifications of the relationship between local and global connectivity, and does
not depend on disconnection or the imposition of boundaries.

In one of his later papers, Hillier (2012a) suggested that the city, as a human
artefact, is structured so as to resonate with human cognition. The argument is
in two main parts. First, the correlation between the distribution of movement
and patterns of centrality based on turns or angular distance, rather than metric
distance, suggests that cognitive ease, rather than minimisation of physical
effort, is the driver of the correlation (Hillier and lida 2005). Second, agent-
based modelling experiments!® show that movement is distributed more lawfully
in systems where the longest lines of sight link up to form a quasi-continuous
larger-scale network that weaves the local parts of cities into a coherent whole.
There is a mutually reinforcing dialogue between the functional effects of the
spatial structure of cities and the social production of the latter to resonate with
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the cognitive propensities of the human mind. The laws of space — the effects of
the interface between the longer and shorter lines of sight and movement upon
the distribution of closeness or betweenness centrality — mediate the link between
cognition and natural movement.

Society as a spatio-temporal morphology of encounters
situated in space
(Hillier and Hanson 1984; Hillier 1996; Hillier and Netto 2002)

The members of society are discrete individuals. Hillier proposes that one way
to conceptualise society as a form realised in space and time is to consider it as a
network of encounters and interactions periodically repeated over time. Encounters
can arise in two ways. First, by virtue of propinquity, when people serendipitously
meet each other as neighbours, as inhabitants of compact settlements or as users of
shared open spaces between and around buildings. Second, by virtue of purposeful
effort to overcome distance in order to maintain socially sanctioned relationships,
such as kinship, or to participate in socially sanctioned activities, such as religious
rituals. The members of most societies and social organisations participate in
both kinds of encounter networks. The members of the faculty of universities, for
example, may meet colleagues from their own or from other disciplines as they
use common spaces on a university campus; and they may also meet colleagues
from the same or allied disciplines by regularly attending regional, national or
international conferences (Hillier and Penn 1991). Both kinds of meetings play
an important role in their ability to develop ideas and to advance their respective
fields; thus, both are essential for them to function as faculty members.

The recurring participation in meetings that require purposeful effort to
overcome distance presupposes a continuing awareness of relevant identities (for
example of one’s position in a kinship system), of relevant beliefs (for example those
attending a particular ritual) or of relevant organisational roles (for example one’s
position in a corporation that operates in different locations). In short, encounters
across distance imply endorsement and assimilation of abstract descriptions of
social membership (Hillier and Hanson 1984; Hillier and Netto 2002). This, in
turn, may be reflected in the organisation of local space. For example, churches
have certain common characteristics that help their congregations recognise
themselves as members of a larger community across space. Thus, we come to
expect that societies that are based on extensive networks of encounters across
distance are likely to occupy local spatial syntaxes that comply with more extensive
and complex organising principles.

The growth of large cities, and the concomitant potential for much denser and
diversified patterns of encounter based on spatially based patterns of convergence,
leads, according to Hillier, to the imposition of different kinds of organising princi-
ples. The issue brought forth by urban growth and increasing density is not so much
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the reproduction of abstract descriptions of social membership as the regulation
and restriction of encounter probabilities. Constraints and transformations may
be imposed on the design of the city itself, as, for example, when connected streets
directly linked to building entrances are replaced by inward-looking enclaves.
However, the need for regulation may also be expressed in the birth of new
kinds of institutional buildings associated with political regulation and control and
the positioning of such buildings within the urban fabric.

Hillier clearly recognised that societies are not homogeneous. Quite to the
contrary, different social groups may be associated with distinct principles for
reproducing themselves as encounter patterns in physical space. Some groups,
usually the weakest in terms of social power or control, are sustained primarily
by patterns of encounter based on propinquity or sustained co-presence thanks
to patterns of local connectivity. Other groups, usually those that command
greater resources, are associated with networks of encounter across space. These
observations give rise to the idea that built space supports patterns of differential
solidarity. The term ‘differential solidarity’ was coined by Hillier to characterise
situations where an environment supports different modes of solidarity, such
as Durkheim’s organic and mechanical solidarity for different groups of people,
thanks to the enmeshment of syntactic properties that can support each kind of
solidarity without detriment to others.

One vivid expression of changes in mode of solidarity is provided by Hanson
and Hillier’s account of the transformation of terraced houses in London. Old
working-class houses would often keep the door ajar, encouraging everyday visits
by neighbours. Given restricted means, visits would tend to occur at times of
the day other than those associated with eating meals. In the same houses, the
parlour would be a visually protected best room set apart from everyday life and
reserved for special occasions and infrequent visits from distant relatives. The
same houses, when transformed under gentrification, would typically establish
a spectacular visual connection between an open-plan interior and the street (for
example, by keeping curtains open at night) while keeping the front door shut.
Visits, by invitation only, would tend to be associated with socialisation over
dinner.' Another vivid example, showing how the idea of differential solidarity
can be applied to the study of cities, is Hillier’s account of London (Hillier 1989).
Buildings associated with economy and trade are located on main streets and major
intersections. Churches associated with local communities take advantage of longer
lines of sight throughout the fabric. Trade or craft guild headquarters are hidden in
the interior of blocks to restrict access and exposure to those that have membership
privileges. Thus, the morphology of the street network interacts with the patterns of
localisation of different building types to accommodate different modes of solidarity
associated with different principles of encounter.

If built space can indeed be organised to support the principles of encounter
that are associated with different patterns of solidarity, an additional possibility
arises. One group may have the power to impose spatial descriptions suitable for
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its own patterns of solidarity at the expense of descriptions that would allow the
solidarity of other groups to flourish. This, argue Hillier and Hanson (1984), marks
the transition from socio-spatial formations characterised by differential solidarity
to formations that encompass socio-spatial class differences. For example, designs
of urban space that restrict the potential encounters that would otherwise be pos-
sible based on street connectivity will privilege the modes of solidarity of the upper
class at the expense of the modes of solidarity of the lower class. This is because the
upper class commonly engages in patterns of socialisation founded on translocal
networks of interest.

The emphasis on encounter patterns is intended to provide a spatially based
view of society to complement the analysis of the social logic of built space. Thus,
a natural bridge is created between space syntax and network-based approaches to
the study of social phenomena.

Threads

The preceding sections have provisionally identified particular ideas, testable
propositions and arguments in order to provide readers with signposts as they
approach the work of Hillier. The way in which these ideas have continued to evolve
and interact with each other, that is, the dynamics of Hillier’s thought, are of course
of much greater interest. Readers of this volume are likely to identify threads and
themes that span over many years and bridge between conceptual development
and empirically grounded research, critical thinking and philosophical argument.
One pervasive thread, for example, is the development of a theory of the
city as a complex physical artefact that is constitutive of characteristic kinds of
culture, economy and society. Here are the cornerstones of Hillier’s approach.
1) The city is an agglomeration of buildings, serving different programmes of
use, and accommodating different social groups, institutions or organisations.
The particular object of interest, however, is not the agglomeration of, and
interactions between, different specialised functions but rather the way in which
they are connected through the street network, to form a composite spatial whole.
The spatial structure of the city emerges over time, as local connections build up
into global patterns of syntactic centrality. 2) The function of the spatial form of
the city is to provide a long-term framework for interaction. Urban space provides
an alternative basis for encounters as compared to formal social organisation. It
has the potential to integrate across patterns of differentiation defined by social
structure. 3) The study of urban spatial morphology leads to a distinction between
scales of organisation. First, a primary foreground network of connected long lines of
movement and sight which weaves the city together as awhole. Second, a background
or infill network comprising the shorter street lines that make up the patchwork
of local urban areas. The distinction and interface between different scales is
fundamental to the spatial structure of the city and a universal morphological
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regularity. 4) The foreground network of long lines supports patterns of economy
and exchanges between products, information or specialised bodies of knowledge
and social practice. The background network is structured to support patterns
of community subject to the prevailing social norms that characterise individual
cultures. Cities are thus characterised by differential forms of solidarity. They
accommodate encounter patterns subject to different organising principles. Some
take advantage of relations of propinquity and connection; others result from social
norms, formal patterns of organisation or institutionalised practices. Sometimes,
one social group has the power to impose forms of spatial organisation that do
not support the patterns of co-presence and encounter that characterise the social
solidarity of another group. This gives rise to fundamental spatial inequalities.
5) We can identify different types of urban structure by the sub-shapes that emerge
according to the distribution of the most integrated lines at various scales. In cities
or parts of cities associated with vivid patterns of enterprise and exchange, the
network of the most integrated streets takes the shape of a ‘deformed wheel’ that
links the middle to the periphery and all the parts to each other. Cities or parts
of cities associated with restrictions over patterns of interaction and exchange
tend to be characterised by tree-like hierarchical patterns of integration, or by
disconnected local centres. 6) Patterns of movement and potential encounter are
distributed according to syntactic centrality, thus creating interfaces between
quieter and busier areas, between local interactions and the awareness of global
flows and connections. The distribution of movement indexes the power of urban
spatial configuration to produce its own structuring effects upon social co-presence
and interaction; thus, to potentially generate new patterns of coordination,
collaboration and exchange. 7) The distribution of movement becomes a dimension
of urban economy. Land uses such as retail, which benefit from the ‘passing trade’,
tend to be located on better-connected streets, thus multiplying the effect of purely
spatial centrality. Commercial attraction becomes distributed not only according to
distance from the central business district or other similar hubs but also according
to the syntax of the primary street network. 8) The association between the
distribution of movement and the pattern of syntactic centrality is founded on the
resonance between city form and spatial cognition. When distances are measured
by path turns or by aggregate path rotation, local connectivity is correlated with
local centrality and in turn local centrality is systematically interfaced with global
centrality. The predictability of the distribution of movement is greater when these
correlations are stronger. The properties revealed by the correlations, however,
are not mathematically necessary for all possible street networks but emerge only
thanks to the way in which the longest lines of movement and sight link up to create
a primary network at various scales.

The cornerstones of Hillier’s approach to the city define a multidimensional
conceptual space. A reader can trace lines that link the harnessing and organisation
of the perceptual affordances of space to the production of the emergent structural
properties of urban layouts; the functional effects of spatial structure with respect
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to the co-presence and encounter to the encoding of the abstract principles that
govern social interaction and modes of solidarity; and economic performance to
cognitive legibility.

There are many other threads that a reader might choose to unravel. The
development of analytical concepts, techniques of computational analysis and
measures of spatial organisation is one of them. The foundations of space syntax
analysis are presented in Hillier and Hanson’s The social logic of space (1984), and
Hillier’s Space is the machine (1996). There are, however, additional key papers
of which Hillier is not a primary author, or co-author, including those by Alasdair
Turner, Nick Sheep Dalton, John Peponis and Michael Batty. In this context we
wish to recognise a number of people associated with the development of software
that enabled not only the consistent application of space syntax analysis but
also Hillier’s ‘thought experiments’ linking the development of formal concepts
to the study of morphological possibility: Paul Coates, who developed the first
simulations of beady ring processes of growth, and the first software for the space
syntax analysis with graphic output in the 1970s and 1980s; Nick Sheep Dalton,
who developed Axman, the first easy-to-use software with graphic input and
output, in the 1980s and 1990s; and Alasdair Turner, whose contributions include
the development of the space syntax software most commonly used around the
world, DepthMap; the integration of visibility analysis into space syntax; and the
introduction of agent simulations of movement. Readers may trace multiple lines
of thought that stem from these developments in the discipline’s research software.
For example, from topological concepts of relation and connection to represen-
tations of spatial relationships that are sensitive to projective and Euclidean
geometry; also, from pure graph-based measures that describe the relationships
of dimensionless elements, to graph-based measures that incorporate weightings
by length and angle. They may also trace lines of development proceeding from
the simple invention or adoption of measures to the systematic exploration of
the relationship-subtending properties of spatial configurations, as, for example:
first, the interdependence of the measure of normalised mean depth (closeness
centrality) to the number of elements comprised by a system, a finding that gave
rise to the size-adjusted measure of closeness centrality known as integration
(Hillier and Hanson 1984); second, the interrelation between the distribution of
line length and correlation between connectivity and integration in line map repre-
sentations of street networks, a finding central to the theory that urban form is
constructed so as to support intelligibility; third, the covariation of closeness and
betweenness centrality offered by Hillier, Yang and Turner (2012), which gave rise
to the composite measure known as relativised choice.

One thread of particular interest that remains to be unravelled concerns the
relationship between the theories of the social logic of space and architectural
design. The understanding that space syntax analysis can be applied to clarify design
aims that bear upon social function, and to test and develop design proposals in the
light of such aims, does not exhaust the matter. Particularly in the case of urban
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design, it is clear that space syntax has and can continue to be so applied (Hillier,
Hanson, Peponis, Burdett and Hudson 1983; Hillier 1993), especially where the
projects, and the patterns of movement that that they are likely to engender, are to
be integrated into their urban context for the benefit of their surroundings as well
as of the projects themselves. Should we, therefore, consider space syntax as a par-
ticular kind of expertise that can be brought to bear to strengthen design proposals
with respect to significant social functions? If so, space syntax’s contribution to
architectural practice is undoubtedly of value. But how does such a specialised
body of knowledge resonate with the broader perspectives regarding design
pre-structures, the relation of knowledge and design, and architecture as the
introduction of theory to building, perspectives that underpin and continue to be
developed in Hillier’s work over the years?

Hillier (1993) himself offers compelling answers to some of these questions.
For example, when applied to precedents, syntactic analysis leads us to abstract
principles of urban spatial organisation and to identify significant structural
properties. As a consequence, our knowledge of what is possible in urban design
becomes independent of the individual characteristics of any particular prece-
dent. In this sense, we are freed from the constraints of repetition and enabled
to imaginatively endorse and interpret abstract structural relationships. Space
syntax fulfils the aims endorsed in ‘Knowledge and design’ (Hillier, Musgrove and
O’Sullivan 1972), to strengthen both the knowledge base of design and design
intuition. It articulates theoretically explicit and testable ‘design pre-structures’
such as those that make design possible according to Hillier and Leaman (1974).

But Hillier also recognises a much more subtle question. Design addresses
multiple requirements that are distinct in nature, such as the requirements
associated with environmental performance and the requirements associated with
behavioural and cognitive performance. These requirements, however, interact in
any particular design, as the satisfaction of each has to become congruent with
the satisfaction of others (Hillier 1993). Thus, while the theories that address
the functions of buildings lead to the identification and understanding of distinct
abstract principles, design practice leads to concretion, the congruent application of
these principlesin a particular case. The question arises: what, if anything, can space
syntax help us learn regarding the consequences of such necessary concretion?
Given the interplay between the analysis of structural properties and the analysis
of perceptual affordances, identified in an earlier section of this introduction,
Hillier makes a crucial observation, taking house designs as a case in point. The
structural properties associated with the satisfaction of cultural exigencies can
be realised in designs that also provide distinct perceptual affordances. In turn,
the perceptual affordances can be tuned to the satisfaction of aesthetic aims and
aesthetic functions. If in turn we think of the satisfaction of cultural requirements
as a key end in design, and of the shaping of perceptual affordances as the means,
then architects can, to use Hillier’s words (1993), ‘modify the ends by re-expressing
them as part of a richer cultural realm’. In the designs of Le Corbusier and Adolf
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Loos, ‘the cultural and functional differentiation of space is the social meaning and
the spatial means is the spatial aesthetic’. Loos organises visual fields to enhance
the connections of one behavioural setting to others. Le Corbusier organises visual
fields to generate dramatically changing views over movement trajectories. To use
the metaphor of Dickon Irwin, at the time an MSc student, whose work Hillier
references, Le Corbusier creates cinematic space, a montage of sculpturally rich
views, while Loos creates theatrical space, a space where a participant in one
setting is also a spectator relative to the participants in others.

Thus, syntactic analysis can be applied towards understanding the significant
consequences of the interaction of spatial desiderata. As a result, it can lead to a
comparative understanding of modalities of concretion. This particular thread of
argument, initiated by Hillier, has not been vigorously pursued in his subsequent
work. Yet it exemplifies the way in which the pursuit of connections between the
ideas presented in different papers can lead to exciting extensions of space syntax
into core concerns of culturally but also theoretically informed architectural
criticism. One can see, in such potential extension, the fulfilment of the challenge
posed in ‘Quite unlike the pleasures of scratching’ (Hillier 1985): to link the aesthetic
and the social meaningfulness of architectural form. We hope that the selection of
papers included in this volume will encourage and facilitate readers to identify the
threads of ideas that relate to their own interests.
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1 Knowledge and design (1972)
Introduction to ‘Knowledge and design’
Ruth Conroy Dalton

This paper should have been far more influential than it was, and I will return to this
statement at the end of this introduction, suggesting reasons as to why I think this
might have been the case. The paper is about the surprisingly intricate and complex
relationship between architectural knowledge, research and design. The term
‘knowledge’, here, refers to the holistic understanding that informs design and to
which research of the right kind contributes; it implies a synthesis of information,
experience and insights.

The introduction discusses the historical development of ideas in
architectural research and demonstrates why they existed at the time of writing
(and arguably still exist to some extent today), and hence provides evidence for
an ‘applicability gap’ between architectural research undertaken and designers’
needs for information. It describes the problems inherent in architectural research,
as it had been previously conceived, demonstrating that architectural research
had, hitherto, not been fit for purpose because of its emphasis on making design
a systematic, problem-solving activity. Such a mismatch between the research
undertaken and the research needed (by designers) is attributed to a fundamental
misunderstanding of the process of design.

The paper then examines the design process to demonstrate how the
activity of design has been misunderstood and, as a direct corollary of this, how
the focus of architects’ education, as conceived at the time, was misplaced. This
lack of understanding of the design process meant that: i) we do not know what
knowledge designers need; ii) we do not know when to apply that knowledge; iii)
we do not know how to apply that knowledge and, therefore, iv) we do not know
how to teach design.

This problem articulation leads to the next section linking the philosophical
foundations and paradigmatic shifts in architectural research to the creation and
evolution of scientific (not architectural) knowledge. The authors assert that
science, and by extension scientific architectural research, is not about producing
independent, factual knowledge. Scientific endeavour is a primarily cognitive
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activity that aims to provide a working understanding of the world and, in this sense,
has parallels with design activity, which aims to build the world whilst anticipating
the consequences of any design decisions. The distinctive characteristic of science
is that the propositions through which we understand the world are empirically
testable and refutable (and by extension, this should also be true of design).

Next, the authors characterise past paradigms of design activity as assuming,
wrongfully, that design was a process of analysis-synthesis. The process of analysis-
synthesis can be considered ‘inductive’ as it involves reasoning from specific
observations or examples to form general conclusions. In the context of analysis-
synthesis, the process typically starts with an analysis of individual components,
data or observations to identify patterns or commonalities leading to the synthesis
of a general understanding or solution — it is both logical and accretive and, as such,
‘information . . . generate[s] the solution’. However, as the authors point out, this
is an entirely fallacious model regardless of how seductive it seems.

They then discuss the role that reflexivity plays in the process of pre-
structuring design problems. The authors introduce the idea of an ‘instrumental
set’ which, essentially, consists of resources that can be brought to bear on a design
problem and includes any tools and the materials to which the tools are applied.
However, and this is something I find particularly intriguing, they regard the
designer’s cognition as part of this ‘instrumental set’. The familiar solution ‘types’
that drive the designer’s approach to the problem are as much of a tool as a simple
pencil or chisel. So are the ‘codes’, or the assumptions, principles and symbolic
patterns that translate abstract design desiderata into solution types. They point
out that this instrumental set can be applied in exactly the same way to architectural
research as to the act of design itself.

Next, they consider the interplay of research and knowledge types. They
categorise different types of research to consider how they map onto different
elements in the ‘instrumental set’ and/or the ‘designer’s field’, what outcomes or
deliverables each can produce and what utility they may ultimately have for the
designer. They conclude that it is the research that seeks to make explicit, test and
enrich the codes (by which designers link design requirements to possible formal
responses) that are the most useful of the four.

This leads to the important idea of conjecture-driven design. Drawing
parallels with scientific methodology, they emphasise the vital importance of
conjecture in the design process. They argue that conjecturing, alongside rigorous
testing, is fundamental to the progress of both science and design. The designer’s
cognitive capability (and, importantly, self-awareness of this), including knowledge
of instrumental sets, solution types and design codes, plays a crucial role in this
conjecture.

They conclude by exploring this newly proposed definition of architectural
research. As all buildings can be treated as activity/behaviour-, climate-, resource-
and cultural modifiers (a definition explored more extensively in other papers
in this volume), research can be broadly categorised according to which aspect
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of building function is addressed. The authors show how the impact of broader
scientific fields is only realisable through integrative theories that progressively
shape the response to these four fundamental functions of buildings, hence treating
the contributory disciplines as extensions of the cognitive foundation of design.
Since reading this paper again, I have been wondering why it never became as
well-known and influential as other, later academic texts presenting similar ideas.
I think the text poses a formidable challenge owing to its intricate terminology; it
employs specialised language and concepts that can render it challenging to follow
the subtleties of the authors’ arguments. Furthermore, the text covers a range of
complex ideas regarding the essence of design, the cognitive processes of designers
and the interplay between theory and practice, each of which can be challenging.
But primarily, it is the text’s density of ideas that contributes to its demanding
nature. It encapsulates a multitude of layered concepts, making it a formidable
task for readers to navigate. This, I believe, is a key reason why the text has never
enjoyed widespread recognition. However, its very richness, while presenting a
challenge, also renders it exceptionally rewarding for those willing to tackle it.
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Knowledge and design

Bill Hillier (and Adrian Leaman), with John Musgrove
and Pat O’Sullivan

Originally published: Hillier, B. (and Leaman, A.), with Musgrove, J. and O’-
Sullivan, P. 1972. Knowledge and design’. In: Mitchell, W. (ed.), AIA-Architect-
Researchers’ Conference. Environmental Design: Research and Practice. Proceedings of
the Third Conference of the Environmental Design Research Association. Los Angeles:
University of California Press, 245-264.!

Introduction

The desired outcome of environmental research is usually seen in terms of
scientific knowledge and rules which decrease the designer’s reliance on intuition
and rules of thumb in solving problems. The corollary of this idea is that design
methods must be systematised in order to assimilate such knowledge. These two
notions form the basis of a kind of paradigm for environmental research and its
usefulness. It is argued that this paradigm is based on simplistic notions about
knowledge and about design, that design problems are essentially pre-structured?
both by constraints and by the designer’s own cognitive map, and that solutions are
only intelligible if this is fully recognised. Design proceeds by conjecture-analysis
rather than by analysis-synthesis. It is argued that if research is to make an impact
on design, it must influence designers at the pre-structuring and conjectural
stages. The idea that research should produce knowledge in the form of packaged
information, coupled to rationalised design procedures, is therefore inadequate.
The aim of research should be seen more in terms of providing designers with a
stronger theoretical, operational and heuristic basis from which to conjecture,
rather than in terms of knowledge to determine outcomes.

This paper is about knowledge and design. Before you reach for your hats, we
should add that it is intended to be a technical not a theological contribution to the
subject. We offer it, not because we have no research to report, or because we think
this conference is in need of philosophic homilies, but because we believe we are
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up against some fundamental limitations in the arguments which have been used
to justify research and to define its tasks.*

Research of one kind or another has now a longish history in building. By
and large, this increased investment in research has proceeded side by side with a
marked deterioration in the quality of building. A serious ‘applicability gap’ appears
to exist. Regardless of the quality of research work itself, the history of attempts to
link research to improvements in environmental action is largely one of confusion
and failure.®

When the concepts of ‘environmental research’, as opposed to
technologically oriented building research, began to emerge a decade or so ago,
there seemed to be good reasons for hoping that these new concepts in research
would lead to new relationships between research and action. At that stage, when
the ground was being cleared for the expansion of environmental research,
programmatic statements took a clear line.

Ten years ago, when the ground was being cleared for a great expansion
of architectural research activity, programmatic statements took a clear line.
Design was a problem-solving activity, involving quantifiable and non-quantifiable
factors. Research, it was thought, should bring as many factors as possible within
the domain of the quantifiable, and progressively replace intuition and rules of
thumb with knowledge and methods of measurement. This process would never
be complete. Non-quantifiable elements would remain. In order to assimilate
such knowledge and use such tools as we were able to bring to bear on design,
the procedures of designers would have to be made more systematic. Because the
education of architects was broad and shallow, and because they were concerned
with action rather than knowledge, they could not be expected to generate new
knowledge for themselves. This was the job of ‘related’ disciplines, whose concern
was the advancement of knowledge. Architects, on the other hand, knew about
design, and should make systematic design their research focus. Otherwise, their
contribution to research lay in technological development, or as members of multi-
disciplinary teams, in defining the problems for others to solve.

The educational consequences of these notions were that schools of
architecture and planning were to be located in an educational milieu containing
a rich variety of related disciplines, and students were to be well grounded in
each of them. The core of the architectural course would still be design and, at
the academic level, this meant increased concentration upon systematic methods.
Students would be taught to analyse problems, and to synthesise solutions.

A few voices crying in the wilderness that architecture contained its own
fundamental disciplines could not stop the onward march of these simple and
powerful ideas, and by and large, they still hold the stage today. But if these are to
be the paradigmatic ideas by which we define our subjects and link them to action,
then today’s landscape (although promising in that other disciplines are developing
their latent ‘environmental’ interests) must appear depressing. Systematic design
studies are in disarray. Increasing numbers of research workers, including architects,
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are moving into the areas previously called ‘unquantifiable’. There is a widespread
feeling that an ‘applicability gap’ has developed between research and design.
Design is still led by the nose by technology, economics and imagistic fashions.
The human sciences and architecture are still at loggerheads. Education, with few
exceptions, has not managed to develop a radically new capability in the problem-
solving power which students bring to design.

In fact, we are far from pessimistic about the progress of architectural
research, largely because a great deal is now happening that cannot be explained
in terms of the ideas we have outlined above. The situation has outstripped the
paradigm which gave birth to it. But the intelligibility of the situation is poor,
perhaps because it is inconsistent with the paradigm. We require some radical
overhaul of its assumptions — particularly those to do with the relationships between
knowledge and design, and the presupposed polarities (for example, rationalism/
intuitionism) — along with a new effort to externalise the dynamics of the new
situation. To us this seems to be an essential step before the ‘applicability gap’ is
compounded by a ‘credibility gap’ arising from the gulf between what is expected of
research, and what research appears to be offering.

Perhaps the simplest way of introducing what we have to say is by drawing an
analogy with the slow but decisive shift in philosophy and scientific epistemology
over the past half-century or so. Implicit in both the rationalist and empiricist
lines of thought was the notion that in order to get at truth, preconceptions must
be eliminated or at least reduced to the minimum. Rationalism began its long
history by proposing a priori axioms whose truth was supposed to be self-evident;
empiricism relied on the neutrality of observation. Since the early part of this
century, developments in such areas as psychology, meta-mathematics, logic and
the philosophy of science have combined to show that both of these are impossible
and unnecessary to an account of scientific progress. Far from being removed from
the field of science, the cognitive schema by which we interpret the world and pre-
structure our observations are increasingly seen to be the essential subject matter
of science. The question is not whether the world is pre-structured, but how it is
pre-structured.

Too often these developments appear to have escaped the attention of
scientists working in the environmental field and designers interested in research
and looking to research for solutions to problems. This is particularly unfortunate
because the idea of pre-structuring has immediate and fundamental applications
in design. We cannot escape from the fact that designers must, and do, pre-
structure their problems in order to solve them, although it appears to have been
an article of faith among writers on design method (with a few exceptions®)
that this was undesirable because unscientific. The nub of our argument is that
research in the field of the built environment and its action systems should see as
its eventual outcome, and point of aim the restructuring of the cognitive schemes
which designers bring to bear on their tasks, not in terms of supplying ‘knowledge’
as packaged information to fit into rationalised design procedures, but in terms of
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redefining what those tasks are like, and using the heuristic capability of scientific
procedures to explore the possible through a study of the actual. It is our view
that the notion that well-packaged knowledge coupled with a logic of design can
lead to radically better artefacts, on the evidence we have, should be relegated to
the realm of mythology. But in arguing our case we would like to say a little more
about why we think modern scientific epistemology has an important bearing on
design and meta-design (which we will argue is probably the simplest and most
adequate characterisation of design research) and why it can help us reconstitute
our paradigmatic notions about the subject.

Fifty years ago, it was still possible to think of science as ultimately constituting
a set of signs which, at the most rudimentary level, would bear a one-to-one
correspondence with atomic facts, and that these could eventually be combined by
the laws of induction and verification into a pyramid of laws of greater and greater
generality. Scientists, on the whole, believed this to be the case, and philosophers
concerned themselves to show how it would be accomplished.

The overthrow of the Newtonian account of the universe, previously taken
as the paradigm of positive knowledge, arrived at by observation and induction
(as described by Newton himself), threw scientific epistemology into a crisis, the
effects of which are still with us. We will give a brief account of this later on. Shortly
afterwards, even more remarkable and undermining developments took place in
the foundations of mathematics and logic. Godel showed, by his incompleteness
theorem, that ‘the construction of a demonstrably consistent relatively rich theory
requires not simply an “analysis” of its “presuppositions”, but the construction of
the next higher theory with the “effect”, to continue quoting Piaget, that

‘Previously it had been possible to view theories as layers of a pyramid, each
resting on the one below, the theory at ground level being the most secure
because constituted by the simplest means, and the whole poised on a self-
sufficient base. Now, however, “simplicity” becomes a sign of weakness and
the fastening of any story on the edifice of human knowledge calls for the
construction of the next higher theory. To revert to our earlier image, the
pyramid of knowledge no longer rests on its foundations but hangs by its
vertex, an ideal point never reached and, more curious, constantly rising.”*

This is of vital importance, not simply because it demonstrates the inherent
limitations of formalism, and the impossibility of such notions as the class of
all classes, or the single unified science, but because it demonstrates that there
is a necessary hierarchy which limits what we can mean by knowledge - the
hierarchy of meta-theories and meta-languages, independent of (we can think
of it as orthogonal to) the hierarchy of levels of integration of phenomena in the
‘real’ world, which constitutes the formal basis of most scientific disciplines. Any
cognitive formalisation takes a lower order formalism for its object and can itself
become the object of a higher formalism. To quote Piaget again:
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‘The limits of formalism can, more simply, be understood as due to the fact
that there is no “form as such” or “content as such”, that each element — from
sensory motor acts through operations to theories — is always, simultaneously
form to the content it subsumes and content for some higher form.”

If we accept that the idea of a monumental edifice of knowledge, descriptive
of the world in its account of facts and explanatory of them in terms of theories of
increasing generality, has to be given up, what have we left? Have we not effectively
debunked the idea of knowledge? Having got rid of positivism, are we left with
pure relativism? Intuitively, we feel that such a retreat cannot account for the
success of science in improving our understanding of the world and our capacity to
modify it. If we adopt a position of pure, philosophic relativism, then relativity (in
theoretical physics — we are short of terms here) and the atomic bomb appears as
a kind of epistemological paradox. If, on the other hand, we accept that there are
strong reasons for rejecting both positivism and pure philosophic relativism, then
where do we go? It seems that, as with Scylla and Charybdis, we cannot escape the
one without falling into the other.

It is against this background that the achievement of scientific philosophers
like Karl Popper, Thomas Kuhn and Imre Lakatos take on their full stature.
Popper has demonstrated that a logic of induction and the principle of verification,
previously the twin pillars of positivist science, were both unattainable and
unnecessary, and that science could be contained within a hypothetico-deductive
scheme:'® Kuhn suggests a changing epistemological paradigm, within which
science can operate as a puzzle-solving activity until the next revolutionary
‘paradigm switch’.!! Lakatos reconstructs science as conflicting sets of interrelated
theories (on a smaller scale and more volatile than Kuhn’s paradigms), retaining
the idea of a ‘negative heuristic theoretical core’ and a ‘positive heuristic’
puzzle-solving area, each of which exhibits, at any time, either a ‘progressing’ or a
‘degenerating’ problem shift according to whether or not it is able to predict new
phenomena within its basic theories without having to add ad hoc hypotheses to
account for newly discovered phenomena.'? Then we have a reconstruction of
science which is able, in a highly nonlinear way, to account for its own continuity,
as well as some rational justification for using the word knowledge’ perhaps, to
use Popper’s expression, as ‘piles in the swamp’, the swamp being essentially the
infinite regress of meta-theories and meta-languages.

The simplest reconciliation of these lines of thought in meta-mathematics and
the philosophy of science is to state frankly that the object of science is cognition,
and thatit is the stratagems of science that are directed towards the real or empirical
world. More precisely, we could say that science is about ‘remaking cognition’, it
being clear that if we were satisfied with our cognitive codes for deciphering the
world, we would not have science. This seems to us an adequate resolution of
the old philosophical problem of whether the ‘world out there’ or our perception
of it is the more real. Such a definition is implicit in the work of psychologists, like
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Kelly, who characterise everyday behaviour by analogy with scientific behaviour.'®
It is a small step to reverse the argument, and it allows us to account not only for
the preoccupation of science with the empirical, but also for the fact that some
advanced areas of science — notably certain branches of theoretical physics — have
had no means of contacting the world for about 40 years. We would hardly be
satisfied with a characterisation of science which relegated theoretical physics to
the realm of metaphysics.

How does all this help us with architectural research? First, it should be clear
that once we move away from the establishment of basic criteria set up with a view
to avoiding physical discomfort (which we knew how to do anyway in pre-scientific
days) then we can avoid a lot of misconception about the status of ‘knowledge’
in design. Second, we can begin to see the problems raised by the paradigm for
research in architecture that we outlined at the beginning of the paper. Third, it
provides us with a better method of making fertile analogies between, and thus in
connecting the activities of, scientists and designers.

The paradigm we suggest as underlying most current research activity in
architecture appears to be based on two notions about science that take no account
of the developments that we have outlined: the notion that science can produce
factual knowledge, which is superior to and independent of theory; and the notion
of alogic of induction, by which theories may be derived logically from an analysis
of facts. In the paradigm, these two notions appear to constitute the fundamental
assumptions on which the whole set of ideas is founded: first, that the role of
scientific work is to provide factual information that can be assimilated into design;
second that a rationalised design process, able to assimilate such information,
would characteristically and necessarily proceed by decomposing a problem into
its elements, adding an information content to each element drawn, as far as possi-
ble, from scientific work, and ‘synthesising’ (that is, inducting) a solution by means
of a set of logical or procedural rules.

So far, we have suggested very theoretical reasons why such ideas would not
be viable or realisable. But equally, from the more practical point of view of the
designer or the student, the ideas — or more precisely the operational consequences
that flow directly from them - appear even more unviable. Designers are left to
make their own links with research by assimilating ‘results’ and quantification rules,
and to evaluate them as they appear without guidance on priorities or patterns of
application. The designer’s field thus becomes more complex and less structured.
It follows that if a designer cannot make use of this ‘information’, he is forced to
the conclusion that it is because his procedures are not systematic enough, with
the result that if he tries to improve himself, he immediately becomes preoccupied
with means at the expense of ends.

Similar consequences flowed from these twin paradigmatic assumptions in
architectural research itself. For example, building science as a university discipline
tended to remain separate and independent of the design disciplines, usually as a
research-oriented, service-teaching department, sometimes even generating the
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packages of knowledge that were to fit into the rationalised design procedures.
In trying to formalise the process, designers were forced into developing concepts
like ‘fit’ and ‘optimisation’ simply in order to complete the line of logic by which
‘synthesis’ could be accomplished, even though such notions are highly artificial
in terms of what buildings are really like and are actually refuted by considering
buildings as time-dependent systems rather than as once-and-for-all products.

Our negative aim in this paper was to try to show why the advance of research
related to design has so far appeared to progress in parallel with deterioration in
the acceptability of the designed product — and this, in the UK, in spite of two
decades of excellent work by such bodies as the Building Research Station'*
and government departments, well disseminated in intelligible form and often
containing mandatory requirements. We hope that we have shown that there
are both theoretical and practical reasons why such a state of affairs should not
surprise us. If the present paradigm is unworkable in its essentials, what can we
put in its place? We have to preface our proposals with some suggestions about the
nature (the actual nature as well as the desirable nature) of design activity.

Part 1

It is not hard to see why the analysis-synthesis, or inductive, notion of design
was popular with theorisers and even with designers as a rationalisation of
their own activities. The architectural version of the liberal-rational tradition
was that designs should be derived from an analysis of the requirements of the
users, rather than from the designer’s preconceptions. It is directly analogous to
the popularity of induction with scientists who were anxious to distinguish their
theories as being derived from a meticulous examination of the facts in the real
world. The point we are making in both cases is not that the ideas are immoral
or fundamentally deceptive — scientists do describe meticulously the ‘facts’ of the
situation, and designers do pay attention to the details of user needs — it is that they
are theoretically untenable and unnecessary, and as a result, practically confusing.
The first point we would like to make about our version of science in relation
to design is that if scientists really operate by a kind of dialectic between their pre-
structuring of the world and the world as it shows itself to be when examined in
these terms, then why should such a procedure be thought unscientific in design?
Why not accept that only by pre-structuring any problem, either explicitly or
implicitly, can we make it tractable to rational analysis or empirical investigation?
The second point is also in the form of a question. If rationality in design is
not to be characterised in terms of a procedure that allows the information to
generate the solution, then in what terms can it be characterised? Is it a redundant
notion? Is there any alternative to the mixture of intuitive, imitative and quasi-
scientific procedures which appear to characterise design as it is carried out?
We would like to work towards answers to both of these questions by using some
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of the ideas we have discussed in a kind of thought experiment about the nature of
design.

First, source observations about reflexivity (cognitive activity making itself its
own object; or part of its object) and meta-languages and meta-theories (cognitive
activity making other cognitive activity its object). These, it would appear, have
clear parallels at the social level, in terms of the progressive differentiation of roles,
especially in areas like design where physical activity is preceded by cognitive and
reflective activities. For example, if we start with a simple picture of a man making
an object, then it would be reasonable to argue that in as much as he has a definite
cognitive anticipation of the probable object (that is, he is not simply experimenting
by trial and error with the latencies of his tools and raw materials) then he is acting
analogously to a designer as well as being a maker. His cognitive anticipation of the
object is part of the field of tools and raw materials that constitute his ‘instrumental
set’. Design, as we know it, can be seen as the socially differentiated transformation
of the reflexive cognition of the maker in terms of the latent possibilities of his
tools, materials and object types. Its object is not the building, but at one remove,
sets of instructions for building. The activity called architectural research can
be derived by an exactly similar transformation, namely a socially differentiated
transformation of the reflexiveness of the activity of design upon itself, that is, its
object is design, and its product takes the form of rules or rule-like systems for
design which stand in the same relation to design as design does to building. As
in other sciences, it finds the best way of doing this is by addressing most of its
strategies to the ‘real’ world, and if we are not careful, this, coupled to the fact that
the activity is necessarily multi-disciplinary, tends to conceal the ‘deep structure’
of the activity. This is why we suggested earlier that we should call the research
activity meta-design. At least this might begin to emancipate us from the silly (but
pervasive) idea that the outcome of research is ‘knowledge’, to be contrasted with
the absence of such ‘knowledge’ in design.

We can perhaps clarify the characteristics of design as a cognitive activity by
going back to the very simplified situation we have just referred to, to see if we can
discover what there is in the maker/designer’s field, and go from there to see how
it differs today. Here we owe some debt to Lévi-Strauss’s discussion of ‘bricolage’ as
an analogy to myth-making.'

We can imagine a man and an object he will create as though separated by
a space which is filled, on the one hand, with tools and raw materials which we
can call his ‘instrumental set’, (or perhaps technological means) and on the other,
a productive sequence or process by which an object may be realised. If time is
excluded from the space, we can conceive of the ‘instrumental set’ as though laid
out on a table, and constituting a field of latencies and pre-constraints.'® If time is
in the space, then the instrumental set is, as it were, arranged in a procedure or
process.

The total field thus exhibits two types of complexity, and we may allow that
the maker is capable of reflexively making both types of complexity (the latencies
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of the instrumental set, and the distribution in process-time) the objects of his
attention.

Two basic strategies appear to be open to him. He can either distribute
the latencies of the instrumental set in process-time according to some definite
cognitive anticipation of the object he is creating, that is, pursue a definite design
or plan, which may be based on an analogy or on pure imagination, as it may be
conceived in terms of the familiar products of the instrumental set. Or he can,
as it were, interrogate his instrumental set by an understanding of its latencies
in relation to general object types. In both strategies, an understanding of the
latencies of instrumental sets and a knowledge of solution types is of fundamental
importance. In other words, the maker’s capability in pre-structuring the problem is
the very basis of his skill, even if he wishes to proceed heuristically by interrogating
his instrumental set and exploring unknown possibilities by a dialectic between
his understanding of the latencies and limitations of the instrument set and his
knowledge of solution types. On this basis we would argue that design is essentially
a matter of pre-structuring problems either by a knowledge of solution types or
by a knowledge of the latencies of the instrumental set in relation to solution types,
and that this is why the process of design is resistant to the inductive-empiricist
rationality so common in the field. A complete account of the designer’s operations
during design would still not tell us where the solution came from.

But there is an escape clause. As with science, it is not a matter of whether the
problem is pre-structured but how it is pre-structured, and whether the designer is
prepared to make this pre-structuring the object of his critical attention. From here
we would go on to suggest that the polarisation we have assumed between rational
and intuitive design should be reformulated as a polarity between reflexive design
(that is, design which criticises its understanding of the latencies of instrumental sets
and solution types) and non-reflexive design (that is, design which is simply oriented
towards a problem and which therefore operates within the known constraints and
limits of instrumental sets and solution types). To equate rationality with a certain
type of systematic procedure appears therefore, quite simply, as a mistake.

Part 2

It is obvious that today the designer operates in a field which is considerably more
complicated than the one we have described, based on a man making an object. The
notion of pre-structuring is necessary to any conceptualisation of design, but not
sufficient in itself. We have to look at the complications and how they have evolved, in
order to complete our conceptualisation of the designer’s field and his operations in it.

The most obvious difference is that design is not simply the reflexive/
cognitive aspect of making an object, but a separate, socially differentiated activity
with its own internal dynamic and its own end product, namely sets of rules for
making artefacts. It is also a highly specialised activity, carried out by a clearly
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defined social group. There is therefore no direct link between interrogating the
instrumental set and the result as it is likely to be experienced by those who use it.
We thus require a great deal of information about the latter in order to interrogate
the instrumental set.

We can explore the consequences of this development by trying to imagine
what life was like when we had designers, but not user-requirement studies. How
did we live without them? The answer seems quite simple. Notions about the user
were built into the instrumental set and the solution types. The instrumental set
was comparatively unsophisticated and had in any case been developed mutatively
over a long period. It was already an expression of the basic physiological
requirements of users in terms of available technology, and probably a reasonable
approximation of their psychological and other expectations. The solution types
had been similarly evolved, and contained already the notions of use and activities
within the building. We could say that contained in the instrumental set and the
solution types was an implicit, historically evolved code, which linked the means
to the ends. It would be difficult to decipher and reconstruct, but we can see that it
was there, and, in principle, how it got there.

Since those days we have seen developments like the proliferation of building
types, and the proliferation of instrumental sets (technological means) and a
formal organisation of the process which results in most activity being of a one-off
kind with the simple effect that the users’ needs in terms of activities, physiological
requirements and cultural expectations are no longer contained, as it were, in the
instrumental sets and solution types. A much freer, more indeterminate situation
appears to exist. This deficiency is made up in terms of information which is
expressed in terms of the users rather than in terms of buildings, and the designer
operates a kind of informal code for linking one to the other. Part of the outcome of
research in the past has been a piecemeal and atomistic, partial replacement of the
codes, by formal rules which, when implemented, often have the unfortunate effect
of dictating the whole design (the 2 per cent daylight factor is a classic example).
The designer’s task becomes something like the utilisation of these codes in order
to link the information he gathers about the project to his interrogation of the
increasingly prolific instrumental sets, or his manipulation of solution types. He
has to deal similarly with the proliferation of information extraneous to the par-
ticular problem relating to standards, constraints, quantification rules and so on.
In this situation, it is perhaps no wonder that the designer (unless his ambitions
are, frankly, artistic) welcomes the prospect of a logic whereby solutions can be
synthesised out of information. It offers him the prospect of eventual escape from
the contradiction of actually working by the interrogation of instrumental sets or
the adaptation of solution types, as he always did, but being expected to utilise a
procedure of optimising information which bears little relation to building, except
where piecemeal, atomistic rules have been developed. Perhaps we should add one
more point to this analysis: that the informal codes the designer must use to link
information to build outcomes are also instances of problem pre-structuring.
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If this is a reasonable characterisation of the principal elements in the
designer’s field, then at least we are some way to understanding why designers
do not produce better buildings out of the information research provides, and
why, with expanding technological means and user requirements, the theoretical
open-endedness of architectural problems leads to so little fundamental variety
in the solutions proposed. With a proliferation of poorly understood instrumental
sets, increasingly masked by unrelated information, we would expect that a retreat
to the most basic form of pre-structuring — the adaptation of previous solutions —
would become the only viable way through the morass. Far from helping the
designer escape from his preconception, the effect of proliferating technology and
information is to force the designer into a greater dependence on them. Innovation
becomes more rather than less difficult, but the diffusion of uncritical innovation
would become more rapid. A situation develops in which a few experiment and
others adapt solution types, without understanding or evaluating the rationale of
the original experiment. The net result is unstructured innovation, with slow and
piecemeal feedback, giving the impression of arbitrary shifts in fashion. This seems
a not unreasonable account of the situation we have, and would explain why even
well-disseminated and well-presented information — such as widely exists in the UK
from the Building Research Station and government departments — either does not
lead to an improvement in the product or does so only in a haphazard way.

We would also suggest that this leads to a situation in which students are
learning two different and largely unrelated strategies: methods of analysing a prob-
lem into its elements; and a knowledge of informal codes and solution typologies,
which they pick up almost as by-products of architectural education, and which act
as the pre-structuring that enables them actually to design buildings.

Part 3

We have argued that the chief elements present in the designer’s field are knowledge
of instrumental sets, knowledge of solution types, informal codes and information.
These cannot usefully be reduced to homogenised ‘information’, although it is pos-
sible at a theoretical and formalised level. Now we would like to use these ideas to
try to construct a lifelike conceptualisation of design as an activity.

These elements constitute the designer’s field, his set of latencies and pre-
constraints. Somehow these are to be distributed in a process unfolding over time.
We will need to introduce one or two further basic ideas as we proceed, but we hope
that these will either be from those we have already discussed, or simple logical
statements of an unproblematical kind.

For example, it seems unproblematic to say that when a design problem is
stated there are, theoretically at least, a number of solutions open, probably a very
large number. Yet only one of these possible solutions will be the final one that
is built. We may reasonably say that some process of variety reduction has taken
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place. The variety of possible solutions has been reduced to one unique solution
by some means. The succession of documents produced during design reflects this
progressive reduction of variety. More and more specific drawings, for example,
exclude more and more detailed design possibilities. We would like to introduce
this as a basic idea in our conceptualisation of design.

A second idea we would like to introduce is that of conjecture. Here we would
like to go back to science. It was once thought that conjecture would have no place
in arigorous scientific method. It was thought to be akin to speculation, and science
sought to define itself in contradistinction to such notions. Since Popper, we know
that science cannot progress without conjecture; in fact, together with rigorous
means of testing, conjectures constitute the lifeblood of science. Conjectures come
from anywhere, and because they are not derived from the data by induction, it
does not mean that the process of thought of which they form part is any the less
rational or rigorous. What is irrational is to exclude conjecture. So, we will include
it in design.

How does the reduction of variety from many possible to one actual
solution take place? Obviously, anything we can say here will only be an
approximation of any particular case. But our aim is to try to understand
the process of design as it exists in the real world, in order to try to define the
contribution of meta-design. What we are aiming at is some more or less true to
life approximation of the psychology of design, bearing in mind that design is a
practical as well as a cognitive activity, and that design problems do not happen in
a social vacuum, but are socially constructed.

Beginning with a theoretically open problem, with an unlimited number of
solutions, it should be clear that the variety of possible solutions is already reduced
before any conscious act of designing begins by two sets of limiting factors, one
set external to the designer, the other internal. The first set we can call ‘external,
variety-reducing constraints’ and these can often be quite powerful, or even totally
deterministic of the design. For example, a client who says categorically, ‘I want
one like that’ has already reduced the number of possible solutions to one. More
often the external constraints will be of a less overt, but still powerful, kind, such as
norms of appearance, availability of technological means, costs, standards and so
on. Some of these will not be fully understood by the designer at the outset, but as
he specifies them, their role as variety reducers will become clearer.

The second set we can call the ‘internal variety reducers’ and these are an
expression of the designer’s cognitive map, in particular his understanding of
instrumental sets and solution types. This notion of the pre-existing cognitive map
is very important indeed, because it is largely through the existence of such maps
that any cognitive problem-solving activity can take place. They are, and must be,
used by the problem-solver in order to structure the problem in terms in which he
can solve it. It acts as a kind of plan for finding a route through problem material
that would otherwise appear undifferentiated and amorphous. Its role is equivalent
to the role of theory and theoretical frameworks in science. Data are not collected at
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random. What is to be called data is already determined by some prior theoretical or
quasi-theoretical exercise, implicit or explicit.

We have to recognise, therefore, that before the problem is further specified
by the gathering of data about the problem, it is already powerfully constructed by
two sets of limiting factors: the external constraints (although some of these may
still be poorly understood) and the designer’s cognitive capability in relation to
that type of problem. It is quite likely that these latent limitations are already being
explored right from the beginning, if the designer is conjecturing possible solutions,
or at least approximations of solutions, in order to structure his understanding of
the problem, and to test out its resistances. There is also a very practical reason
why conjectures of approximate solutions should come early on. This is that a vast
variety of design decisions cannot be taken — particularly those which involve other
contributors — before the solution, in principle, is known.

As the designer collects and organises the problem data, and data about
constraints, his conjectures acquire sharper definition. Previously he was not able
to test them out in a very specific way. Now he has an increasing fund of information
against which to test them. He will also be using this information heuristically by
using it in relation to his informal codes (see above) by which abstract requirements
are linked to built outcomes, and conjecturing further specifications within his
roughly conjectured solutions. Information which has been used heuristically can
also be used to test the new conjectures. Conjecture and problem specification thus
proceed side by side rather than in sequence. Moreover, conjectures do not, on the
whole, arise out of the information although it may contribute heuristically. By
and large, they come from the pre-existing cognitive capability — knowledge of the
instrumental sets, solution types and informal codes, and occasionally from right
outside —an analogy perhaps, or a metaphor, or simply what is called inspiration. At
least, within this conceptualisation of design, we do not have to say that designers
who use these last three types of source for conjecture are acting in a way that is
markedly different from the architect with more modest ambitions. He has simply
widened the scope of his conjectural field, sometimes moving right beyond the
limits of the instrumental sets that are available.

When a conjectural approximation of a solution stands up to the test of
the increasingly specific problem data (bearing in mind that it is always possi-
ble to collect more data and to produce more conjectures) a halt is called to both
conjecturing and data gathering, and a solution, in principle, is agreed to exist.
Further specification then takes place (that is, further variety reduction) by
completing a full design, and this is followed by a further refinement when the final
production drawings are made. Unless the designer has great foresight, it is likely
that further refinements will be made at the building stage.

We believe that this is, more or less, how design happens in most situations,
and we believe, moreover, that it is as rational a process as is possible in the complex
circumstances, not sub-rational because it is not ‘systematic’ and because so much
depends on how the designer pre-structures the problem. This outline model
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differs from the analysis-synthesis model (which we take to be the dominant
notion in design method studies, hitherto) in several important ways. First, its
core stratagem is conjecture-analysis rather than analysis-synthesis. Second, the
purpose of analysis is primarily to test conjectures rather than to optimise by logical
or magical procedures. The notion of optimising, which architects believe they carry
out, can be easily contained within a conjecture-test psychology of design. Third,
the solution, in principle, is allowed to exist at a much earlier stage than in the
analysis-synthesis model. Fourth, the model shows the path of convergence on a
unique solution without introducing notions like the optimisation of information
which, while attractive theoretically, are largely unlifelike and unworkable. Fifth,
the model suggests, within its basic concepts, the possible origins of solutions in
principle, a matter on which the design methodologists are notoriously silent or
mysterious. Sixth, the model corresponds to the observed sequences of products
of design, namely a set of descriptive documents of increasing refinement and
specificity. Seventh, it recognises implicitly that both information and conjectured
solutions are inherently incomplete, but a stop has to be called somewhere. This is
precisely equivalent to the situation in science. Eighth, and perhaps most impor-
tant, the model emphasises the importance of the designer’s pre-structuring of the
problem, rather than denigrating it. It recognises that architects approach — and
should approach - design holistically and not piecemeal.

Part 4

What does this have to say about research? We have already argued that presenting
the ‘results’ of research in the form of packaged information or quantification tools
does not seem to lead easily to better solutions. Perhaps the model will help to
explain why. It is largely because, unless research can influence designers at the
stage of pre-structuring the problem in order to understand it, then its influence on
design will remain limited.

To explore this further, we might usefully examine the outcomes of research
in terms of the four main types of elements which characterise the designer’s field,
namely instrumental sets, solution types, codes and information. It can be seen that
much research of a purely technological kind (still by far the largest investment in
building research) has its outcomes in terms of instrumental sets. Development
work extends this into solution types by proposing exemplars. Research which aims
to provide a method of checking design proposals against abstract requirements
can be seen as a partial formalisation of codes (partial because it is concerned with
testing rather than generation and it is piecemeal). And research which has its
outcome in the form of ‘results’, rather than a tool, falls into the field of information.

It can easily be seen that the first and last of these do not really help the
designer to design. They normally increase the complication of the field and
obscure its structure. Certainly, they do not help the designer much at the stage
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of pre-structuring the problem, and if they do so, it can only be in a haphazard
way. The exemplars and prototypes that are the outcomes of development work
certainly help the designer to pre-structure his problem, but only if he proceeds in
a largely imitative way. If the development is inadequate in any respect, it leads to
a proliferation of these inadequacies.

Over and above this, the prototype may be poorly understood, or badly
adapted. Research in the third category is similarly unhelpful at the crucial stage of
pre-structuring. It may provide a means of eliminating errors at the design testing
stage, given that the designer is able to use them properly, but we can hardly
conceive of the designer being able to effectively utilise the full panoply of such
techniques that would be required to cover all aspects of the design.

Of the four, only the development model can demonstrate, to the designer,
new ways of pre-structuring his problem. In spite of its disadvantages, its potential
usefulness should not be underestimated. We could say that it suggests an
organisational solution to the problem of linking research effectively with design.
If research workers work with designers in producing experimental prototype
solutions, which are intensively monitored and improved, then explained and
publicised, then research itself benefits by becoming part of a dynamic process from
which it can continuously learn and develop its concepts. In the past, development
work in building has tended to lack both the deep involvement of research workers
and a properly developed monitoring function linked to a building programme.
If both of these are provided for, there is at least an opportunity for sustained
development over a period. By the quality and conviction of its exemplars, it can
lead quite rapidly to a diffusion of real improvements in solutions.

On the other hand, the disadvantages of relying wholly on this fail-safe
means of linking research with design are strong. The individual designer becomes
severely constricted, problems of poor interpretation and debasement are likely
to arise, creative innovation may be cut off or inhibited. Is there not some way in
which research may help the designer to pre-structure his problems more effectively
without predetermining the solutions?

We believe there is, and that it lies in the notion of codes, the third element
in the designer’s field. Informal or implicit codes, we suggested, were used by the
designer to link abstract functional requirements with instrumental sets, which no
longer contained such codes. Taken together as a system, they constitute a kind
of quasi-theory by which the designer structures his problem and finds a route
through it — or through as much as is left of the problem after other external and
internal constraints, including solution types, have had their say. Sometimes these
codes are formalised and externalised in a rather pragmatic and programmatic way
as ‘architectural theory’. The influence and rate of diffusion of such externalisations
is often very considerable.”” On occasion their impact is such as to have a marked
effect on the development of instrumental sets.

The idea we are working towards, stated simply, is that research should aim
(and is already beginning to aim) at the progressive reconstitution of the codes

SPACE SYNTAX

on a conceptual base by studies of people and their built environment which are
oriented towards theory rather than ‘results’. This is a complex and long-term aim,
but it is entirely consistent with the normal impact of scientific work on human
activities. The difference between a craft and a technology is not research results,
but theory which brings structure and classification into phenomena, and allows
the possible to emerge from an understanding of the actual. In any problem-solving
activity, theory is the essential link between science and action. Without theory
and its classificatory and route-finding possibilities, design is likely to remain, even
in a field of endlessly proliferating scientific ‘information’, a kind of craft without
continuity.

Here we come back to the reasons for optimism about architectural research.
It seems to us that we are seeing the development of strong research programmes,
which are architectural in that they deal with broad bands of connected factors in
design, and fundamental, in that they are concerned with theories which actually
relate to these levels of integration, rather than theories about isolated factors in
environment. We would therefore like to try to explain what we see as the emerging
structure of architectural research, why it is theoretical in a design as well as a
scientific sense, and why it appears capable in the long run of affecting the ways in
which problems are pre-structured by designers.

We can best explain this by asking a question. What, in theoretical terms,
is a building? On the grounds that buildings are not gratuitous but entirely
purposeful objects, we would define a building as a realisation of a number of
social functions with an effect of ecological displacement. By specifying these
functions and displacement effects in sufficiently abstract terms, we can formulate
an adequate theoretical description of what a building is (such that anything
which lacks one of them is not a building, and that if an object is a building, it
will fulfil all these functions whether by intention or as a by-product) and what
its displacement effect is in terms of a four-function model. These are not true for
all time, but are a historically accumulative set which define more or less what a
building is at this point in time.

First, a building is a climate modifier, and within this broad concept it acts as
a complex environmental filter between inside and outside, it has a displacement
effect on external climate and ecology and it modifies, by increasing, decreasing,
and specifying, the sensory inputs into the human organism.

Second, a building is a container of activities, and within this it both inhibits
and facilitates activities, perhaps occasionally prompting them or determining
them. It also locates behaviour, and in this sense can be seen as a modification of the
total behaviour of society.

Third, a building is a symbolic and cultural object, not simply in terms of the
intentions of the designer, but also in terms of the cognitive sets of those who
encounter it. It has a similar displacement effect on the culture of society. We
should note that a negatively cultural building is just as powerful a symbolic object
as a positively (that is, intentionally) cultural one. Fourth, a building is an addition
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of value to raw materials (like all productive processes), and within this it is a
capital investment, a maximisation of scarce resources of material and manpower,
and a use of resources over time. In the broader context of society, it can be seen as
a resource modifier.

In brief, a building is a climate modifier, a behaviour modifier, a cultural
modifier and a resource modifier, the notion of ‘modification’ containing both the
functional and displacement aspects.

Each of these functions can be conceived of separately as a people-thing
relationship and each, in contrast to research oriented towards the ‘atoms of
environment’, deals with a holistic set which constitutes one way of looking
at a design problem. Each is capable of developing theory about people and
their built environment. We would argue that research is gradually organising
itself within these foci as a set of interdependent, theory-oriented and largely
structural studies, and that these are emerging as the fundamental disciplines of
architectural research, and providing the base within which various disciplines
become integrated and lose their identity.

Part 5

Itis notable, by the way, that the emphases implicit in this model shift architectural
research right away from the study of procedures of design and into the study of
buildings and their occupants, as well as away from ‘results’ and towards theory.
We are beginning to look again at ends rather than means.

How will such research contribute to design? We have argued at the general
level that it will progressively enable us to reconstitute codes from a theoretical
base concerned with the relations between physical environments and those who
experience them. We may add, first, that we conceive of this happening not in
a positivistic and piecemeal way, but, because of the theoretical base, in a more
holistic, non-deterministic and heuristic way. But this is too general a statement
to be useful. We must specify further what we mean, and show why we can use
this idea to escape from the idea of once-and-for-all ‘knowledge’ and allow for
fundamental shifts in the theoretical bases by which we define ‘knowledge’ which
will undoubtedly occur. We appeal again to the lessons of science.

In spite of periodic epistemological crises, paradigm switches and the
progression and degeneration of research programmes, science continues to
build its usefulness (as it has always done) on the strength of precise descriptions
of the world. The theories on which these precise descriptions are based may
be incomplete and even wrong, but they enable us to organise more and more of
the world into useful cognitive schema which, among other outcomes, enable us
to conceive the possible out of a study of the actual. It might not be going too far to
characterise the history of science as a series of immensely fertile delusions.
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We do not therefore need to invoke the idea of ‘knowledge’ in order to
propose that out of the notion of a building as a multifunctional object, and design
as a multi-theoretical activity, we can begin to build up theory-based descriptions
of the basic elements in design. These basic elements include ranges of activities,
movements, perception-motivated actions, social intercourse patterns, spaces and
the environmental criteria that will satisfy a classified range of possible uses, coded
and described in terms of the technologies which make them possible. Such a
breakdown we might call a base component classification for environmental action,
which would shift both in response to theoretical changes and also in response to
changes in the environmental objectives of society. From the point of view of the
designer, such classifications and code formalisations would not be deterministic,
or constitute a set to be specified in relation to problem information, but would
constitute an extension of the designer’s basic cognitive capability, and provide him
with — and this is really the point about science — a position of strength from which
to make his conjectures. In other words, he would be using theories operationalised
and specified, as far as possible, in terms of externalised codes, linking instrumental
sets to human usage, as a basis for proposing his own further modifications to the
environmental field.

The implications of this for the current formal structure of design activity —
particularly those concerned with briefing, one-off user studies and the designer’s
ability to reinterpret the ‘client’s requirements’ — are enormous, and to examine
them in detail would require another paper. To give one example, in the area
of activity-space relations, we can foresee the possibility of moving from the
‘activity-space fit’ notion, which is implicit in current practice, towards much more
fundamental theories about the capability of certain types and configurations of
space to contain an unpredictable variety of activities, perhaps with consequences
for the idea of building types, and even for the size of cities. Such theories are not
pseudo-deterministic ways of telling the designer what the outcome of his design
will be, but strong and cumulatively developing bases for conjecturing possible
futures.

If we are right in thinking that this is the underlying direction of the new lines
in environmental research, then the notion of research simply as a service to design
and the by-product of an eclectic variety of disciplines has to go by the board.
Research is, of course, necessarily multi-disciplinary. In fact, in the environmental
field there appear to be no limits to the disciplines that could contribute to the
advancement of the subject. But the contributions of the wider areas of science will
only become effective through the integrative theories which will increasingly form
the fundamental disciplines of environmental action itself, and these disciplines
are not separate from design but extensions of it in that their subject matter is
design just as the subject matter of design is sets of instructions for building.

This is not a strange or unique arrangement. In fact, it is very similar to science
itself, seen in its broadest terms as one of the activities of society. Through
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science we continuously modify the world we live in and our understanding of it —
that world and that understanding that it is the aim of science to study.
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2 The man-environment paradigm and
its paradoxes (1973)

Introduction to ‘The man-environment
paradigm and its paradoxes’

Alan Penn

Re-reading ‘The man-environment paradigm and its paradoxes’, I am struck that it
is a paper both of and ahead of its time. Since its publication, much of sociology has
passed through a ‘spatial turn’ and the argument against naive determinism seems
outdated. In biology, just 20 years after DNA’s structure was determined, there
was optimism that all of life’s secrets would be revealed. Today there is a creeping
realisation that all is not so easy, while the contemporary critique of neo-Darwinism
through a ‘niche construction’ lens! is creating a more nuanced understanding of
organism—environment relations. In philosophy, the first English translation in
1962 of Martin Heidegger’s 1927 Being and time? was greeted with derision by the
anglophone philosophical establishment. I have little doubt that Bill Hillier was
sceptical of its substance, but its key contribution - that ontologically cognitive
organisms are born into and inseparable from their environment — directly aligns
with Hillier and Leaman’s thinking.

At the time of writing, both authors were working at the RIBA Intelligence
Unit developing the architectural profession’s response to the 1958 Oxford
Conference on Architectural Education at which Richard Llewelyn-Davies had
outlined a scientific approach to the education of an architect® that triggered a
student revolt at UCL's century-old ‘Beaux Arts’ School of Architecture. By 1970,
as Head of the Bartlett, he had brought together the schools of architecture and
planning in a renamed ‘School of Environmental Studies’, and radically remodelled
the curriculum by appointing professors and establishing research programmes in
a range of disciplines from building physics and psychology to construction and
ergonomics, which he held formed the ‘meeting grounds’ of knowledge essential
to architectural practice.

In 1972 Hillier and Leaman were invited to establish a new MSc degree
in ‘environmental theory’ at UCL. The title and focus of this paper are therefore
no coincidence, forming both a critique of Llewelyn-Davies’ meeting grounds
philosophy (in which architecture itself was notable by its absence) and a manifesto
for both the master’s degree and for the programme of research that Hillier and
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Leaman initiated and Hillier pursued in subsequent years when he became Director
of the University College London Unit for Architectural Studies.

One of Hillier’s research maxims was that a paradox indicates an underlying
problem with the paradigm assumptions in a field. Michel Foucault’s Order of
things,* published in English in 1970, framed the concept of the ‘episteme’ charting
paradigm shifts from classical times to modernity, while Thomas Kuhn had showed
scientific progress rests on shifting paradigms.> Sociology at the time was insistent
that the environment cannot have a determining effect on human action if free
will is to be maintained, and yet architects were certain that their work mattered
while residents of failing public housing projects were equally certain that their
environment was at fault. However, many failing estates were a product of
Modernist functional design. For example, Alison Ravetz’s study of the notorious
Quarry Hill estate in Leeds® charted its origins in European Modernism through to
its demolition in 1974. To the sceptical sociologist, functionalism’s failure served
merely to support their thesis that the environment could play no active role.

Hillier and Leaman’s resolution came in relational and logical parts. Jean
Piaget’s early studies of child development’ showed that knowledge is constructed
through interactions between individuals and their environment, while his later
structuralist work traces the origin of knowledge in the empirical world, theorising
that resulting logical structures form a basis for rationality. From Ferdinand
de Saussure® they took the notion that in systems of cultural transmission, the
physical utterances of speech (parole) are drawn from a logical field of possibility
in language (langue). It is the field of logical possibility that allows for language
to be both intelligible and to be used creatively to say things never before said.’
The insight here, that spatial relations are fundamentally logical, led to Hillier and
Leaman’s development of the idea of ‘morphic language’ in their 1976 paper ‘Space
syntax’, and ultimately to Hillier and Hanson’s The social logic of space.

The latter marked not only the end of Hillier and Leaman’s creative partnership,
but also a shift into analytic research. If spatial relations in our constructed
environment are produced through social processes, then by analysing the spatial
object it should be possible to reveal something about those processes. The
development of spatial analysis marked the empirical breakthrough in the field,
including the successful identification of the consequences of design on human
movement.'° This put flesh on the bones of the emerging social theory by providing
a mechanism through which architecture could feed back into society. It also made
possible a means to intervene in practice by analysing design options. However,
it must be remembered that in 1973 these empirical steps had yet to be taken.
The authors were at a hypothesis-generating stage in their quest to understand
architecture.

The subsequent development of space syntax research and practice has been
criticised for being overly mechanistic and reductive. This is unsurprising — if one
identifies mechanisms through which society forms and transforms itself over time,
surely that is mechanistic? The focus on space to the exclusion of institutional and
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cultural strata in society is no doubt reductive. However, mechanisms do not imply
deterministic mechanical processes — and the processes at play here must largely
be probabilistic. Similarly, the notions that were to become central to the emerging
theory such as description retrieval, the virtual community and the movement
economy imply no single direction to causality, but that feed-forward and feedback
are equally involved. The processes are probabilistic, emergent, dynamic, and
while in an essential sense bi-directional, they are not conflationary.

I am with Richard Wilmott in his argument!' that for the purposes of
analysis, it is perfectly reasonable to separate the social world into different
strata. The organisms we see in the world are distinct from each other and from
their environment. As cognitive entities they each seek to make sense of their
surroundings and equally are constrained by these. The child develops by learning
in their own body and in the world. But for learning to be possible the world must be
‘learnable’ and display enough regularity of association between its different strata
to be intelligible. In scientific analysis, however, we gain much by looking at the dif-
ferent strata: space, society and so on separately before reintegrating them. Central
to reintegration lies a quest to identify the underlying logical structures of Popper’s
3rd world and Piaget’s structuralism that make intelligibility possible. I suspect that
this was central to Hillier’s programme of research in subsequent years, for which
‘The man—environment paradigm and its paradoxes’ provided a manifesto.
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The man-environment paradigm and
its paradoxes

Bill Hillier and Adrian Leaman

Originally published: Hillier, B. and Leaman, A. 1973. ‘The man-environment
paradigm and its paradoxes’. Architectural Design, 43, 507-511.

A paradigm is any structure of ideas, scientific and philosophical, that we
take for granted in order to do research. Because we must take some such
structure for granted, paradigmatic ideas tend to become invisible. We forget that
they are there, and regard them as natural. Only occasionally are they brought into
question and perhaps replaced. The related notions of ‘organism’ and ‘environment’
constitute such a paradigm base. Translated into the sciences of man they become
the ‘man-environment paradigm’, which is much more problematic than it appears
at first sight. In fact, it contains anomalies, which appear in research as unresolvable
paradoxes. In a profound sense, the concept of environment itself obstructs the
development of a relevant theory for environmental analysis.

The concept of environment

In science, in theories of knowledge and in everyday language, the notion of
‘environment’ is pervasive. It appears both obvious and necessary, so much so that
it is never directly questioned. It appears to be a natural dimension of our way of
thought.

But like many natural seeming ideas, closer inspection reveals the artifice and
the cracks. In the first place, the concept turns out to be an unexpectedly recent
one, as far as science is concerned, dating only from the later part of the eighteenth
century. Secondly, the precise meaning of the term is very difficult to pin down in
any scientific sense. Like other powerful concepts, it is prolific with meaning and
suggestion. The term has acted as a ‘basin of attractors’, drawing other meanings
and concepts into itself, as a river draws tributaries as it defines, and is defined by,
the landscape through which it passes.
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These considerations suggest that we should at least look at the possibility
that the idea of ‘environment’ is an element in some epistemological formation,
or paradigm, rather than an inevitable aspect of consciousness. The history of the
concept suggests not only that this is so, but that its paradigmatic influence is even
more far reaching than appears at first sight, particularly in the ‘social and human
sciences’.

Like most scientific terms, the concept of environment does not exist in
isolation. It is part of a complex of ideas. Its most immediate neighbour is the
concept of the ‘organism’. Together they constitute the paradigmatic notion that
realities involving living structures could best be looked at in terms of the relation
between ‘organism and environment’. This set of ideas, which appear originally in
biology (as we would now call it) in the latter part of the eighteenth century, has a
clear development prior to its emergence in recognisable form.

According to Canguilhem, the concept ‘environment’ (‘milieu’ in the French
original) came into use as a result of the combination of two earlier concepts, one
from mechanics, the other from ‘anthropo-geography’.'? The idea from mechanics
was Newton’s solution to the physical problem of action at a distance, within the
assumption of a mechanistic ‘cause and effect’ universe. ‘To suppose that one body
may act on another at a distance, through a vacuum, without the mediation of
anything else, is to me so great an absurdity that I believe no man, who has in
philosophical matters a complete faculty for thinking, can ever fall into.'* How
could action at a distance occur if space was empty? Newton’s solution to the prob-
lem posed by his own physical theory (but not by previous ones) was the concept
of the ‘ether’. This was a pervasive medium present throughout the universe in
which forces could be transmitted. Newton himself applied this concept to biology
in order to link the mechanical propagation of light outside the organism with
the reactive physiological events that took place within the organism. The ‘ether’
pervaded the earth, the atmosphere, the eye, the nerves and the muscles, enabling
continuous chains of action to take place on the basis of physical causality.'*

The idea from ‘anthropo-geography’ was that the variability of the human
species could be accounted for in terms of regional variations, in particular climatic
and other geographic factors. This idea began to acquire scientific status towards
the end of the eighteenth century and remained in a variety of forms a major
epistemological concept in geography until the post-war period.

Both ideas are even older in more intuitive versions. The first echoes the
ancient notion of each species in its ‘proper element’. The second recalls older
notions of climatic determinism, as found for example in the work of 1bn Khaldun,
the fourteenth-century Arab historian. But we are here interested in the admission
of the concept ‘environment’ to the field of legitimate science and this appears to
have initially taken place in the work of Buffon.'> Buffon attempted to show how
the variations of animal species could be explained by environmental influence
on organic form and behaviour. This scientific formulation was a major event in
the history of biology and, conceptually at least, was a major step away from fixed
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species taxonomy towards evolutionism. The concept was developed into the
first primitive version of an evolutionary theory of the animal world by Buffon’s
pupil, Lamarck. Lamarck thought that the environment could account for the
species by looking at the functions of the organism in relation to its environment.
This implied also that what was important to our understanding of the organism
was not the classification of visible differences but the organic structure of the
whole functioning organism. Thus, the concepts ‘environment’ and ‘organism’ took
their place in natural science side by side, with the notion of function playing a
catalyticrole. This is an early scientific version of the ‘man—environment paradigm’.

But such a powerful and pervasive idea as ‘man-environment’ does not spring
from a single source or follow a single line of development. Scarcely less important
is the philosophical history; and even more important, the influence of scientific
ideas on philosophy. This crystallises in the effort of Kant to find a new path
through the old paradoxes of rationalism (inborn ideas) and empiricism (acquired
ideas — the child’s mind is a blank sheet to be written on). To understand this, we
have looked back to Descartes and his partition of the universe into thought and
matter, and his consequent mechanistic treatment of physical realities, organic
and inorganic. English empiricism was derived from this by Locke through a
simple extension: man as a thinking being was the sum of inputs into the organism,
structured by the ‘laws of association’, to form the patterns we call ‘thought’. This
account of man was on the whole accepted in the eighteenth century as part of
the package deal scientific-paradigm-cum-philosophy created by Cartesianism and
refined by Lockian empiricism and Newtonian science.

But the very success of Newtonian science created a paradox in the form of a
contradiction between scientific and psychological empiricism. If Newtonian science
was the model of ‘scientific certainty’, as was widely supposed, how could this be
accounted for through the empiricist model of man which appeared to imply a large
measure of contingency in the concept of ‘knowledge’? How, in short, could the
‘association’ of inputs into an organism, which as a result of these inputs could think,
account for certainty such as Newton appeared to have achieved?

Kant’s solution was that knowledge is possible because certain empirical
concepts like space, time and causality are built into the structures of our
perception and understanding in such a way that we cannot escape from them.
Although this basic Kantian concept was quickly shown to be mistaken (by, for
example, the discovery of non-Euclidean geometries), the Kantian synthesis is of
the highest importance in the history of philosophy and meta-scientific thought.
It constructed again an interdependence between man and his environment,
replacing the ‘preestablished harmony’ implicit in the rationalist programme of
Descartes and Leibniz as the basic notion for our scientific understanding of the
world, and constructed it for purely logical reasons. Yet the outcome is congruent
with the scientific concept of organism—environment as it evolved in eighteenth-
century biology. This is evidence of a paradigm in formation.
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A further influence is also important: the effect of the scientific concept
of organism-environment on the concepts of man and society. The organism-—
environment concept was the means by which time, change and history were
introduced into the previously static view of organic nature. This led directly to the
historical concept of man as the product of developmental process, and as the end
product of a morphological process. This radically changed the whole conception
of man from being outside nature looking in, to being a part of nature or the end
product of a sequence of development. Man became part of the object of science.

The meeting of these three lines of thought: the organism-environment
concept in biology; the subject-object interdependence in Kant, and the
resultant concept of man as the object of science constitutes the man—environment
paradigm of science and meta-science pervasive in nineteenth-century thinking
and less so in the twentieth. We must not forget that the paradigm brings with it,
through Newton’s fallacious biological conceptions, the mechanism of Descartes
in a revised form. This crystallises in the notion of the organism as a machine-
system operating in an environment with which it is dynamically related by ‘causal’
connections. This is the concept generalised by von Bertalanffy and others as
‘open system theory’. The ‘open system’ concept has little in it that is new, except
a valuable emphasis on openness. It is basically the ‘man-environment paradigm’
raised to the level of an overriding explanatory principle.

The man-environment paradigm today and its paradoxes

Most ideas in science solve problems only to raise others. Often powerful ideas
raise the most problems because they are applied widely. In many scientific fields
today the man—environment paradigm is not so much a general theoretical idea, or
even a meta-theory, but part of the mechanism of perception and understanding
itself. It seems so natural that it has become invisible to us. Our argument is that
the concept embodies profound anomalies. If we are right, then we would expect
these difficulties to appear continuously in research as fundamental, unresolvable
difficulties, even paradoxes. This would be made worse by the invisibility and
‘naturalness’ of the paradigm assumptions because we would look everywhere
except at the most basic ideas for the source of difficulties and lack of pro-
gress. Precisely this situation prevails in many branches of social sciences and
environmental studies. Social sciences appear to be progressing through a conflict
of rival theories. These, although irreconcilable, are not in conflict. They represent
the opposite sides of the paradoxes inherent in the paradigm from the beginning.
The basic argument is simple. Although the man-environment paradigm
initially promises a reconciliation of rationalism and empiricism (that is, the basic
problem of how far knowledge and behaviour originate within us or outside us),
it only succeeds in reproducing it in exacerbated form. The two views are not
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reconciled, as are, for example, the notions of individual and population in modern
genetic theories. They are merely locked together in a mechanical unity. Two
mutually exclusive epistemological positions — that of the organism looking out
into the environment, and that of the environment bearing in on the individual —
are created. Each offers a radical critique of the other’s inadequacy; each exists as
an anomaly within the explanatory systems of the other. Individual, or creative,
behaviour appears as an anomaly in environmental mechanism. Subjectivist views
cannot begin to explain the coercive nature of, for example, social structures.
Explanations within either scheme appear radically incomplete. Taken as a whole,
the paradigm cannot account for individual or social knowledge, or for the nature
of societies, or even urban systems, except by reproducing the mechanism and
metaphysics of its predecessors.

The sciences of man are, with important exceptions, divided between those that
take the position of the subject first and foremost, and those that take the position
of the environment as constructive of the subject. In spite of their apparent conflict,
both positions are the products of the paradoxes of the basic epistemological
paradigm from which they developed. But the contest, while being unreal, is also
unequal. The mechanistic notions gave a natural predominance to mechanistic
interpretations of the environment which were part of the foundational apparatus of
the paradigm. The paradigm thus appears in particular sciences as a fundamentally
mechanist-empiricist programme harassed by subjectivist objections. This is most
clearly illustrated in psychology where the dominant programme for 50 years was
behaviourism, which in its extreme form seeks to explain all behaviour in terms
of ‘stimuli’ from the ‘environment’ into the ‘organism’. Throughout its history
behaviourism has been complemented by a rival, quasi-scientific subjectivist school
of psychology, which begins by asserting that behaviourism and ‘science’ generally
can neither deal with the complexity and individuality of human behaviour, nor
with such categories as free will. This line of philosophical psychology is chiefly
associated with names like Merleau-Ponty, Sartre, and other figures dismissed by
behaviourism as ‘introspectionist’.

The pattern is repeated in sociology. Comte, the generally acknowledged
founder of a specifically scientific sociology, worked on the basis of the organism—
environment notion. His version is more clearly mechanical than any of the
eighteenth-century models. From Comte’s foundational work, developments
in sociology are easily understood in terms of oscillations between the poles of
paradox generated by the man-environment paradigm. On the one hand, writers
like Weber attempt to construct ‘society’ from the socially significant actions of
individuals, holding that the concept of society can have no meaning over and
above the interactions of the aggregated individuals who are its members. This
is the trend known as ‘methodological individualism’, which appears again and
again in the subsequent development of sociology. On the other hand, writers like
Durkheim take a contrary point of view, looking at the individual from the point of
view of society. Social ‘facts’ can be recorded ‘objectively’ as in every other science.
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It is the structure of these facts which determines individual behaviour, if only on
the basis of probability. Weber denies society. Durkheim reifies it by making it into
a concrete ‘thing’. Each point of view looked at intuitively appears equally absurd.
How can a subjectivist point of view explain Detroit or Dagenham? Or how can an
objectivist point of view explain that human beings do not have to obey the laws
of the social structure, but are able to think and decide within limits on alternative
futures? The fault is in the underlying paradigmatic notion of a division into a
mutually exclusive world of subjects and objects, organisms and environments.

This basic dispute in the two positions in sociology, although laid down
long ago, continues to reappear in new forms and is continually represented
as though it has only just been discovered (which is further evidence of the
existence of a basic paradigm). For example, the current principal movement in
sociology is based on what is called ‘phenomenology’, which in its most extreme
form becomes ‘ethnomethodology’. The movement is opposed to what we call
‘positivism’. Positivism is characterised by a research methodology based on
statistics, which appears to ignore the ‘meaning to the subject and to the actor’
on which the phenomenologists lay great emphasis. In fact, the phenomenologists
are embracing the philosophy they claim to reject since they do not realise that
‘phenomenology’ (roughly: remove preconceived ideas and we will see the'®
essences of things as they really are) was, and is, a super-empiricist viewpoint. But
they are also repeating a debate, in new terminology, ongoing in sociology ever
since its inception in scientific form. The current philosophical debate in sociology
is characterised by each party pointing to defects of the other’s point of view, yet
unwittingly sharing similar assumptions.

The same type of situation exists in philosophy, where the paradigm reappears
in the form of the problem of subjects and objects, knowers and known. We have
already pointed to how ancient epistemological problems reappear in strengthened
form in the subject—object paradigm in philosophy. It is also relevant to look briefly
at general questions in the theory of science which appear in several contexts. For
example, the problems of ‘nature versus nurture’ and ‘environmental determinism’
both tend to have the same fundamental form derived from a conceptualisation of
the world in terms of an organism and its environment. The problem appears in
theories of scientific knowledge in similar form.

The conceptual apparatus of the mechanistic man—environment paradigm
is pervasive in environmental studies. The paradigm treats the field of environ-
ment as scientifically describable set of problems. Yet at an intuitive level every
attempt at a scientific approach to the environment appears, to some extent,
to contradict common sense and even to offer the possibility of damaging our
understanding of environmental phenomena. The current scepticism of many
designers about the uses of research in environmental design may be well founded.
The same conceptual apparatus permeates design as well as research. Some of the
more blatantly ‘scientific’ attempts to interpret environment have come from design.
Think, for example, of the Corbusian concept of the perfectly specified and perfectly
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efficient spatial environment matching the perfectly efficient activities of a factory
full of workmen making regular and repeated movements, or Chris Alexander’s
revival of the same theme of ‘fit’ in a semi-mathematical form in the 1960s. Think
of the concept of the ‘man-environment interface’ in environmental research being
investigated by the ‘architectural psychologists’.!” Think of the supposed problem of
environmental or architectural determinism, also the opposition to it stating there
is no causal or determining relation, not that the form of the question is wrong. Yet
itis on these grounds that many sociologists dismiss the environment as being of no
importance. All these problems are not, as they appear, simple indigenous products
within environmental studies. They are the results of their take-over of the general
paradigm complete with its paradoxes. We admit that there is a special problem in
environmental studies, where the object of study is human beings in their physical
environment. But we must draw a clear distinction between the problem and
the paradigm. There is no reason why the assumptions of the man—environment
mechanism should necessarily be taken over piecemeal as the conceptual apparatus
of the subject, although this appears to be what has happened.

Piaget’s solution

One powerful alternative is offered by Piaget. His epistemological and psychological
programme had been aimed at a scientific solution to the age-old problem of
rationalism and empiricism — the riddle of how far knowledge’ originates in the
subject and how far in its environment. Piaget’s solution is interactionist and
constructivist. Piaget’s constructivism shows that all these basic problems in the
human sciences — nature versus nurture, genetic versus environmental ‘causes’ and
so on — are insoluble in the terms in which they were set up. They only appear as
problems because of bad formulation resulting from the assumptions of the man—
environment paradigm.

Piaget begins from the notion of organism-environment, but he adds to the
primitive empiricist or behaviourist account in three important ways. First, he
argues that ‘knowledge of an object does not consist of having a static mental copy
of the object but of effecting transformations and effecting some understanding of
the mechanisms of these transformations’.'® Second, logical relationships on which
these transformations are based have their origins in physical operations, or more
precisely in coordinations of operations such as uniting, ordering, introducing
correspondences and so on. Third, knowledge is not therefore determined either
by the knower or the known, but by exchanges and interactions between them.
‘The fundamental relationship is not one of simple association but of assimilation
and accommodation. The knower assimilates objects to the structures of his actions
(or of his operations) and at the same time he accommodates these structures (by
differentiating them) to the unforeseen aspects of the reality he encounters.’”
Piaget thus places great emphasis on the subject’s own constructive activity,
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whether he is performing on objects external to him or on internalised symbols and
representations. He constructs a model of cognitive development which avoids the
rationalist concept of ‘innate ideas’ and the empiricist alternative of determination
by the environment. This is very convincing, and in its general lines, if not in all
experimental details, it appears to be well supported by the experimental evidence
amassed around this general theory.

As an account of individual development, it appears to be relatively complete.
As a total account of epistemology, it is perhaps less so. It does not, for example,
tell us how societies construct the category of knowledge, bearing in mind that
these are the structures that the developing child actually learns. Taking language
as an example we may reasonably question Piaget’s use of the term ‘constructive’ —
constructive of what? Language already exists. If it did not, the child would not
learn it. In an important sense, what the child acquires by his ‘constructive’ and
‘transformational’ activities is a copy of a structure that already exists, even if it
is imperfect in all its details. The child can use it creatively, and say things that
are completely novel. But he can only do this because his cognitive structure of
language is a copy of the structure of language as it exists outside him both in
time and space. The problem of the ‘copy’, having been removed from the scene at
the level of atomistic inputs into the organism, reappears at the level of the total
structure. We believe that a consideration of this point can take us beyond Piaget’s
solution to the total problem of epistemology, and at the same time guide us
towards a genuine escape from the paradoxes in the man—environment paradigm.

Langue, parole and non-spatial space

Bothinits origins and its paradigmatic influence on science, the man-environment
paradigm was a spatial concept. Its geographic and mechanistic components
confirm this. Newton’s ‘ether’ linked the parts of space together so they could
work as a machine. A machine is essentially spatially unified. The ‘environmental
influence’ of the geographical component of the concept was spatially specific. This
was its whole point. Similarly in behaviourism, the environment of the organism
is its immediate spatial environment. The fundamental anomalies introduced by
its spatial assumption have been totally overlooked.

This assumption and its mechanistic implications themselves generate many
mysteries that appear unresolvable within the paradigm. For example, it is said
that society cannot be more than the sum of individuals who comprise it, since
these are the only ‘units of analysis’ that can be seen. Society cannot exist since it
cannot be seen as a unity in real space. It is therefore the aggregation of a large
number of individual iterations which can be seen in real space. On the other hand,
intuitively we know that society exists even if you cannot see or touch it, and that
environment is somehow important even though it does not determine society in
any mechanistic way. The point is that the fundamental scientific concepts which
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we use for analysis themselves construct these problems which do not exist at the
level of common sense nor need they exist in science, as we hope to show.

A similar situation exists in environmental studies. Because non-trivial
‘causal’ relations between environment and behaviour cannot be found, physical
environment is dismissed as of little importance by ‘behavioural scientists’. At best
this is old-fashioned, a repetition of the ‘action at a distance’ debate. At worst it
is self-induced blindness, since only certain types of relations are allowed to be
scientifically significant by the paradigmatic assumptions. It overlooks completely
the importance of symbolic and semiological systems in the human universe, and
the form of organisation of such systems which is not spatial, but logical.

This is a difficult distinction, but a necessary one. It is only possible to render
architectural space accessible to science by first destroying the concept of space
at the paradigmatic level. A nonspatial alternative must be constructed to the
naive spatiality of the man-environment paradigm. The movement known as
‘structuralism’, in its scientific forms (but not in the form in which it has so far been
presented in architecture) is founded on such a paradigmatic alternative.

It proposes a simple yet profound change: the paradigmatic substitution of
logical space for spatial space. This sounds initially strange, but only because of the
assumptions that underpin our thought. In fact, it is common sense. Logical space
is an imaginary, many-dimensional space created by and filled with systems of
signs, symbols and representations. It exists neither purely in our heads nor in real
space outside but constitutes the medium through which the relation between the
two is made. It works both ways. Logical space creates spatial or architectural space
as one of a number of perceptual ‘realities’ it interprets. It represents the results of
our cognitive operations on the world, including the world of artificial things. It
is to be reconstructed scientifically through structural mathematics — principally
algebra and logic — rather than quantitative mathematics — arithmetic, calculus,
statistics — of the man—environment paradigm.

We exist not in ‘spatial space’ pure and simple, but in spatial space as it has
been constructed in terms of the contents and structures of logical space. This
has happened, Piaget-wise, through our cognitive activity by which we have made
sense of the world, retaining as we go the structure of that understanding, and
developing it to assimilate new experiences as they occur in real space. Artefacts
exist as functional objects, but they also exist as representations, as signs and
symbols. Due to our mode of existence by which representations are organised into
structures, to make them intelligible, the variability of the environments which
are presented to us in real space are understood by the structures which have
been laid down in logical space. The relation of man to artificial environment is
primarily a cognitive relation. It is mediated as are other cognitive relations by the
organisation of representations in systems whose structures constitute the means
by which new experience is made intelligible, but which are always open to further
development and restructuring. The urban space we see is intelligible because
it is part of a total structure that does not exist in spatially unified form. It, like
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language, can be thought of as existing in logical space. Individual understanding
is a transformation of a structure that is invisible, like all structures, but no less real
than the structure of language is real.

The same may be said of society. Society exists for us in terms of functional
processes which involve us and ensure our physical survival, and systems of signs
and representations, which are equally coercive because they constitute the
only means we have of making society intelligible. Although the symbolic repre-
sentations (by which we recognise the existence and coercive power of society)
are systemic for us (we have learnt, through our mental activity, to construct
them as systemic), this does not imply that it is therefore a matter of personal
interpretation. Systems of symbolic representation are to some extent coercive
(but not invariably so) for they are vital to our whole mode of existence, our self-
recognition as members of the larger unit which sustains us. We can only move
‘outside’ society by means of another complete theory. This is why revolutionaries
need theories. To be free of the symbolic representations requires us not only to
restructure our perception and understanding but also to construct an alternative
semantic for the symbolic systems of society — an alternative theory which will
construct a different picture entirely of the social ‘reality’ represented in symbolic
representations. Society does not emerge from the interaction of aggregations
of individuals. Society is an artefact passed on from one generation to the next,
changing and occasionally transforming structurally as it goes. It is embedded in
orders of functional processes and symbolic systems which, in constituting the
means by which social existence is rendered intelligible, constitute also the means
by which we are controlled by it. It is not that society has artificial functional pro-
cesses and symbolic systems. These are society. Individuals ‘pass through’ society,
transforming it a little just as they ‘pass through’ the structure of language which
was there before they came and which will remain, slightly modified, after they are
gone. Much of life is lived at the representational and symbolic level. To make life
and other things intelligible, representations and symbols must be organised into
systems and structures. We can admit the firm existence of ‘society’ in the same way
as we can admit the existence of language or environment. In sociology itself, it
turns out that the implicit spatiality of the man—environment paradigm mechanics
has made ‘society’ disappear.

Let us look again at language to clarify what we mean by the relation of
the thinking individual to these abstract structures existing in logical space,
but not in real space. We have said that the language which the child learns
already exists. We may ask: where? Within the spatial assumptions of the man-
environment paradigm, the answer must be: nowhere as a total structure. But
this is evidently absurd, a paradigm result, not a scientific conclusion. Language
exists as a structure — albeit a slowly changing one — embedded within the total
set of systems of signs and representations which constitute our mode of being
and mode of structuring our existence. These systems of representation also bear
some, as yet poorly understood, relation to the patterns of functioning in which
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we survive and sustain ourselves in our accustomed modes of existence. The child
in learning language does not equilibrate to a series of atomistic inputs but to this
pre-existing structure in logical space. This manifests itself in perceptible form
in all the fragments which the child hears. The child deduces a structure which
already exists from the patterns of the fragments with which the child is presented.
The learning of the structure enables him to deal more and more creatively with
the fragments of sound that are heard. Very quickly indeed he will both interpret
and create novel utterances.

If we take this as our model for environmental cognition, then many of the
problems of the man-environment mechanism disappear. There is no problem of
causality: no problem of determinism, no problem of uniqueness and sameness,
both of which exist in language; no problem of subjects and objects, since the
paradigm states that the individual has learnt in use a structure which already
exists and which he may within limits transform according to his wishes and ability.

From a scientific point of view the paradigm itself has changed. We are looking
for different kinds of order, dispensing both with mechanistic ‘man—environment
systems’ and totally autonomous subjects, voluntarily assembling into larger unities.
Instead, we find that we are assuming a paradigmatic distinction of a different
kind: between ‘langue’ or ‘language’ (that is, the total structure of a language as it
exists at any point in time) and ‘parole’ or ‘speech’ (the use individuals make of that
structure, modified by their codes).? In this paradigm, the structures of the ‘logical
environment’ and those of the ‘individual’ are related in a fundamentally different
way by the relation of transformation on some deep structural identity. We approach
the individual through the structures in logical space which means his existence, not
his ‘subjectivity’ or his ‘behaviour’. Behaviour will be what it should be in science: the
evidence for or against theoretical constructs.

Translated into environmental studies the ‘langue-parole’ distinction
becomes the morphology of physical environment (inevitably, a social account of
the rules governing the production and transformation of space) and the coded
transformation asitappearsinindividual behaviour and cognition. The problem field
generated is one of deep and surface structures, variable codes and transformations
which are better able to come to grips with environmental reality and experience
than either man-environment mechanism or its subjectivist alternative. The latter
gives a problem field of stimuli and responses; the determination of causal relations
between environment and man; the measurement of crude spatial influences and
the search for relations at an alleged interface. Eventually and reluctantly, ‘meaning’
is allowed to exist as an ‘intervening variable’ between stimulus and response, but
converting it thereby to an a priori subjectivism into which the man—environment
paradigm always falls when the empiricist model of determinism is abandoned
as the principal strategy. This, as we have argued, is merely the other side of the
paradox that the paradigm itself creates, and must not be thought of as an advance.
We merely move from determinism into relativism, and all hope of finding structure
in the situation is lost.
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What we are saying comes down to this. People, in some sense or other, and
however variably, understand the environment, or understand something through
the environment, or are significantly baffled because they do not so understand it.
When they say things about the environment, they actually mean something and
we ought to set about finding out what it is. At an intuitive level, people continually
exchange ideas about the environment, which they appear to find meaningful.
For some reason, possibly because surface meanings remain indeterminate, these
formulations are rejected by environmental science, when it seems to us they
should constitute one of its theoretical starting points and one of its chief empirical
objects.

We are not simply talking about ‘participation planning’ or forms of ‘action’
research or taking verbal performance at its face value. We are talking about a
structural approach to environmental understanding, as applied to ‘primitive’ socie-
ties by such as Lévi-Strauss and Leach, and pioneered in terms of our society by Bern-
stein. Structuralism, whether in the study of languages, society or environment, is
the recapture of the logical structures which make ‘meaning’ possible, the conscious
models which generate the richness and diversity of man-made artefacts and also
make them intelligible to us. It is the reconstruction of what we already know.
It is the theory of everyday life. It is no less the ‘machines for the production of
variety’, foreshadowed by Heraclitus and Leibniz long before such an idea could be
formulated logically or algebraically.

The astonishing thing is that it is not possible to formulate what we have just
said within the scientific terms permissible in environmental studies, dominated as
it is by the techniques and paradigmatic assumptions of the ‘related’ disciplines. All
we have tried to do here is to find a scientific basis for saying the obvious. The length
of the journey we have had to make underlines the fundamental nature of the
paradigmatic difficulties which the discipline has struggled with so unsuccessfully
for so long.

About the authors

Bill Hillier and Adrian Leaman are members of the RIBA Intelligence Unit and teach
an MSc course in environmental theory at University College London. The authors
would like to thank Roy Oliver for his comments and suggestions on the text.

Notes

1. F. J, Odling-Smee, K. N. Laland, and M. W. Feldman, Niche construction: The neglected process in
evolution (Princeton, NJ: Princeton University Press, 2003).

2. M. Heidegger, Being and time, translated by John Macquarrie (Oxford: Blackwell, 1927) (1962 edition).

3. R. Llewelyn-Davies, ‘Deeper knowledge: Better design’. Paper given at Conference on Architectural
Education, Magdalen College, Oxford, April 1958.

4. M. Foucault, The order of things: An archaeology of the human sciences (New York: Pantheon Books,
1970).

THE MAN-ENVIRONMENT PARADIGM AND ITS PARADOXES

59



~

Nel

10.

11.

12.

13

14.
15.

16

17.

18

19.

20

. T. S. Kuhn, The structure of scientific revolutions (Chicago: University of Chicago Press, 1962).

. A. Ravetz, Model estate: Planned housing at Quarry Hill (Leeds: Croom Helm, in association with the
Joseph Rowntree Memorial Trust, 1974).

. J. Piaget, ‘Developmental psychology’, in International encyclopedia of the social sciences, edited by
D. L. Sills (New York: Macmillan, 1968), pp. 136-147; Piaget, J., Biology and knowledge: An essay on
the relations between organic regulations and cognitive processes, translated from the French by Beatrix
Walsh (Edinburgh: Edinburgh University Press, 1971), pp. 136-147.

. F. de Saussure, Course in general linguistics (New York: McGraw Hill, 1959) (1966 edition).

. It is perhaps notable that no reference is made to Karl Popper’s notion of ‘three worlds’, which seem

directly relevant to this latter discussion, bearing as they do on the real, mental and cultural worlds of

knowledge (K. Popper, ‘Epistemology without a knowing subject’, Studies in logic and the foundations of

mathematics, edited by B. Van Rootselaar and J. F. Staal (Amsterdam: North-Holland Publishing, 1968),

pp. 333-373. Editors’ note: This essay is reprinted as chapter 3 of Popper, Objective Knowledge (Oxford:

Clarendon Press, 1972), a volume that Hillier owned. We know that Hillier was reading Popper as this had

formed a central plank of the epistemology he outlined in ‘Knowledge and design’ to the Environmental

Design Research Association conference in Los Angeles the previous year (B. Hillier, J. Musgrove and

P. O’Sullivan, ‘Knowledge and design’, in AIA-Architect-Researchers’ Conference. Environmental design:

Research and practice. Proceedings of the Third Conference of the Environmental Design Research Association,

edited by W. Mitchell (Los Angeles: University of California Press, 1972), pp. 29-3-1 to 29-3-14).

B. Hillier, A. Penn, J. Hanson, T. Grajewski and J. Xu, ‘Natural movement: Or configuration and attraction

in urban pedestrian movement’, Environment and Planning B: Planning and Design 20 (1993): 29-66.

‘Natural movement’ is still the most cited journal article in the field.

R. Willmott, ‘Structure, culture and agency: Rejecting the current orthodoxy of organisation theory’,

Journal for the Theory of Social Behaviour 27 (1997): 93-123. Willmott’s critique was levelled at

theories such as Giddens’ ‘Structuration’ and Bourdieu’s ‘Habitus’, which he says aim to overcome

possible dualisms by conflating the strata of society.

G. Canguilhem, La connaissance de la vie (Paris: Vrin, 1965), pp. 129-154.

. Newton’s philosophy of nature: Selections from his writings, edited by H. S. Thayer and J. H. Randall (New

York: Hafner Publishing Company, 1953), p. 54.

See Newton’s philosophy of nature, pp. 135-180 (eds).

G. Buffon, Histoire naturelle, vol. 1 (Brussels: Lejeune, 1749).

. Correction of error in the original.

Correction of error in the original.

. Piaget, ‘Developmental psychology’. Quotation from ‘II. A Theory of Development’, p. 140.

J. Piaget, Biology and knowledge (Edinburgh: Edinburgh University Press, 1971).

. Saussure, Course in general linguistics.

SPACE SYNTAX

3 How is design possible? (1974)

The science of meaning and the meaning
of design. Introduction to ‘How is design
possible?’

Sean Hanna

In this paper, which predates the first articulation of space syntax by two years,
Hillier and Leaman set out a founding idea of the field: that the central question
of how design is possible is a scientific one, and that it can be posed as such by
framing it in the context of linguistics. They draw explicitly on Chomsky’s linguistic
model,! which proposed that all languages share a common structure, and it is this
that allows the particular rules of any individual tongue to be acquired. This casts
linguistics itself as a scientific domain by isolating this structure for examination,
in part by declaring syntax independent from semantics. The syntactically well-
formed sentence, ‘Colourless green ideas sleep furiously’, Chomsky claimed, is at
the same time semantically nonsense.

The empirical task for Hillier and Leaman, as it was for Chomsky, is then
to describe the equivalent deep structure of the environment. By considering
structure itself as the object of study, the question of its performance, the pro-
cesses by which an actual designer (or speaker) acts, could be ignored in favour of
modelling only idealised competence, the fit of the environment (or utterance) to
that structure. The paper begins with a call to study the environment itself instead
of how designers design and then immediately sets out to define those basic units
of environment: the pre-structures that underlie our experience of spaces and
walls, their transformation into built form as a biological analogy of genotypes
specifying phenotypes, and the links between our interpretation of the world to
the one we construct, which Hillier and Leaman term ‘manifolds’. Space syntax still
remains a domain of competence models — observations of aggregate movement
are associated directly with properties of space, without requiring a psychological
explanation.

But Hillier and Leaman’s departure from Chomsky is crucial - their
elementary units are complex and connected. They insist these are not atomic
tokens, such as representing words in a linguistic grammar (Chomsky’s syntactic
structure was introduced precisely to allow the combination of word-atoms), but
ascribe to them a rich complex of social relations, a network of connections they
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each carry and instantiate, as a whole, each time they occur. Meaning is intrinsic to
them, as it would be in Hillier’s later morphic languages, but instead of the arbitrary
association of sign to referent in spoken language, meaning is the natural structure
of these social relations. This structure should become the focus of the new science.

In proposing this, the paper is a critique of then-contemporary notions of design
(CAD technology of the 1970s, the design methods movement), and also offers a
view toward future developments and an argument that is just as relevant today. The
activation of a complex manifold structure as a whole is much more closely aligned
with today’s artificial neural networks than with symbolic Al prevalent at the time.
Decades later, models of language production would be developed that acknowledge
this complexity to provide more neurologically plausible mechanisms than a purely
syntactic grammar. Implementations like Elman’s recurrent neural network? produce
human-like results, rely on evolution over time and suggest the distinction between
syntax and semantics may be illusory — the two are simply differences of degree, and
each use of a word necessarily carries a whole structure of meaning as well. It is the
Al descendants of these that today generate plausible, human-like text.

Yet in design, the paper anticipates a critique of twenty-first-century CAD
and building information modelling (BIM). This adds additional layers of data to
objects, which aspire to the deeper manifold structure proposed, but they are still
distinct units defined by phenomenal, superficial geometry. Hillier and Leaman
stressed the importance of the evolution of structures over time, while BIM has
become ever more committed to standards and Industry Foundation Classes (IFCs)
that are not meant to change. Their prescience may explain the limitations of BIM
in serving architects’ needs, particularly in early, creative stages of design.

The paper concludes with two questions. The first asks ‘how does the
environment influence social behaviour?’ and the second, ‘what social behaviours
determine the environment?’. Hillier and Leaman criticise the first as merely a
manager’s question, but it is worth considering the degree to which the quotidian
practice of space syntax, in predicting movement and behaviour as a function
of space, has remained within its sphere. The same is true of CAD and BIM. It is
the second that constitutes the deeper scientific question and suggests that the
structure of the complex of social behaviours embodied in the environment is still
ripe for exploration.

‘How is design possible?’ is a leap towards the scientific framing of linguistics
which would become space syntax. It originated specific ideas which would later
develop into core concepts and sets the basis for subsequent analytical methods:
the production of p-model from g-model would become an inverted genotype and
manifolds and pre-structures would become morphic languages. In retrospect
we see in the paper some concepts as green shoots that have since flowered into
mature space syntax theory and practice, while other questions remain relevant
and even more pressing now coloured by five decades of technology. If in 1974 this
potential was yet to awake, reading now we see these formerly colourless green
ideas sleep furiously.
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How is design possible?

Bill Hillier and Adrian Leaman

Originally published: Hillier, B. and Leaman, A. 1974. ‘How is design possible?’
Journal of Architectural Research, 3, 4-11.

Introduction

It has been observed that the art of mathematical proof lies in finding a framework
in which what one wants to say becomes nearly obvious. Improbable as it sounds,
the search for theories in science is often similar. What has to be ‘said’ is the
observable evidence and its manifest relationships. A theory is an abstract model
which predicts that such observables and such relations will occur. A ‘good’ theory
renders data ‘obvious’ which a ‘bad’ theory renders contradictory or disconnected.

The theories of design developed over the past decade in connection with
‘systematic design’, ‘design method’ and subsequently ‘computer-aided design’
do not in general have the merit of rendering the evidence about design ‘nearly
obvious’. On the contrary, they make it appear mysterious. For example, the
syncretic generation of outline solutions in the earliest stages of design is made to
appear illegitimate and undesirable on the grounds that any ‘rational’ approach
to design must seek to generate the solution as far as possible from an analy-
sis and synthesis of problem information and constraints. The penalty of not
following this ‘rational’ procedure is that bad old imagistic methods of design will
be perpetuated. ‘Rationality’ in design was virtually equated with purging the
mind of preconceptions, to make way for a problem-solving method which linked a
procedure to a field of information.

The sources of this conception of rational design were analysed in a previous
paper, in which it was also argued that the designer’s ‘pre-structures’ were not at
all an undesirable epiphenomenon, but the very basis of design.® Without pre-
structures of a fairly comprehensive order, it is not possible to identify the existence
of a problem, let alone solve it. The task now is to find a scientific framework in which
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such a formulation would become ‘nearly obvious’, and this will be equivalent to a
theory of how design is possible. In general, it will be argued that design is possible
for roughly the same reasons as speech is possible. Methodologists have not been able
to characterise speech because they have tried to look at it independently of a much
larger structure analogous to language. Too small a system has been considered.

Genotypes and phenotypes

Consider an example. An army marches all day. At nightfall a halt is called and
unpacking begins. Within a short time, a structured environment appears. Tents
of various kinds and sizes are placed in certain definite relations; kitchens, sentry
posts, flags, fences and other paraphernalia are erected. A complete environment
is, as it were, ‘unfolded’.

The army experiences this as a simple, repetitive procedure. But looked at
scientifically in terms of the structures which must exist for such a simple ‘unfolding’
tobe possible, itisboth complex and illuminating. First, the observable environment
which is unfolded is based on a set of instructions in the army manual or in standing
orders. Second, these abstract instructions and relations are ‘embedded’ in the
items the army carries about with it to manufacture this environment, which may
be called its ‘instrumental set’. Third, and most important, it will be noted that any
series of camps unfolded by the army will exhibit both similarities and differences.
In this simplified and artificially deterministic example, the source of similarity
is the set of instructions as embedded in the instrumental set, and the source of
differences is the local constraints and contingency, which will include personal
and environmental factors, strategic considerations and so on.

This example has the curious attribute of resembling a theory in reverse. Just
as scientists try to make abstract invariant models which ‘generate’ and thereby
explain a variety of observable phenomena, so in this case, the abstract model is
the starting point and the observable phenomena are generated. One can speculate
on a Martian anthropologist’s theories as to how the similarities and differences
of series of such camps are to be explained. One can imagine, for example, the
difficulties that a purely ‘environmentalist’ theory would encounter in explaining
the observable phenomena.

Although an extreme example, this structure does illuminate certain
pervasive properties of cultural forms. In many situations, sets of basic instructions
which are variably unfolded are not written down nor genetically programmed, but
embedded in the artificial systems which we call ‘cultures’. Deep cultural structures
may be transmitted unchanged through several generations, yet produce great
variety at the observable level. Such underlying stable structures correspond to
what biologists call ‘genotypes’, as compared to a ‘phenotype’, which is a variably
developed observable form. In the army example, the genotype is the information
carried in the instructions and embedded in the instrumental set; the phenotype is
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the observed layout and activity of the camp. In most cultural areas the structured
sets of instructions, the genotypes, change and evolve much faster than biological
genotypes, and may even be able to alter themselves by self-reference, but the
overall logical form is the same. In order to avoid confusion with the more closed
and stable genotypes of biology, these looser cultural genotypes and phenotypes
may be referred to as g-models and p-models.

An important property of g-models is that they become unconscious
or autonomic. Moreover, they operate not only as a basis for creative action
but also as a basis for understanding and interpretation. They act, literally, as
theories of the artificial systems they interpret. In all human societies, such theory-
like structures are evolved to mediate the artificial, natural and social universes.
Language, for example, uses an unconscious, autonomic, syntactic and semantic
g-model as the basis for speech. It is this that makes Chomsky’s ‘rule-governed
creativity’ possible. In general, the richness and variety of intelligible cultural
existence is founded on the existence of such models. But it is only as scientists (or
artists like Marcel Duchamp) that we attempt to bring them into the light of day.

Such theory-like models are no less necessary in design. But the fact that
they are autonomic may lead the designer into a curious illusion when he tries to
explain the nature of his own activity. It might appear to him that the phenotypical
choices he makes in relation to his analysis of the constraints of a particular design
problem could, or should, account for the entire solution, that is for its similarities
to the g-model as well as its p-model differences and variability. This is exactly the
illusion conjured up by ‘scientific’ approaches to design. As would be predicted,
it is the source of the solution itself which cannot be described in terms of the
methodologies, and it therefore appears extra-rational. Because the g-model is
both the structure by which the designer analyses and identifies as well as solves
his problem, it has become invisible to him. Nevertheless, in any analysis of how
design is formally possible, such structures are of the utmost importance. To
ignore them in representing design as a decision procedure is like assuming that a
speaker re-invents semantic and syntactic structures which he depends on knowing
in advance in order to use and understand the language. Most of the fallacies of
behaviourism, as well as design methodology, can be derived from this extension
of the domain of scientific interest.

A simple general theoretical framework may therefore be suggested within
which the everyday evidence about design becomes ‘nearly obvious’: design is the
search for the appropriate transformation or unfolding of pre-structures (however
rapidly these may be evolving) in relation to the constraints imposed by the
environment of the problem. Design is therefore both the transmission (g-models) and
transformation (p-models) of pre-structures, a process of elaboration and discovery,
within which every solution may be unique. Referring obliquely to H. A. Simon, it
may be argued that design is simple, only its environment is complex.*

The pre-structures on which design depends are synchronous — they are not
arranged in a time sequence. But design obviously occupies time and contains
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certain sequences of events. The decision procedure approach to design method
ignored the importance of the synchronous plane in structuring the design
process. On the other hand, a pre-structure that is not subject to operations
cannot be transformed into a unique p-model. The problematic of design method
studies is therefore twofold: to characterise the autonomic pre-structures by which
the designer interprets his problem and which also act as a ‘solution field’; and
to characterise the operations which may be performed with, and upon such,
structures in a more or less complex problem environment to produce unique
and effective solutions. The first is a problem of synchronic analysis, the second,
diachronic.

This analysis will suggest that design is a relatively simple set of operations
carried out on highly complex structures which are themselves simplified by
‘theories’ and modes of representation. It suggests strongly that if design methods
are to be improved, then it is more important to study the environment itself than
how designers design, since in the last analysis the designer’s understanding and
how the total g-model constructs his understanding is the most important factor
influencing design. Insofar as design should be studied, it should be in terms of
how the designers’ internal models transform environmental reality, and what
conventional simplifications and distortions are introduced by the use of methods
of representation and selection of problem variables.

The structure of a solution field

Understanding the structure of solution fields, or at least their organising princi-
ples, is therefore a major problem in design theory. If no models yet exist, comfort
may be taken from the great generality of this type of problem. Most man-made
systems on which our daily lives depend combine the paradoxical properties of
being ‘known’ in the sense that we are able to use them without mistakes to convey
inter-subjective ‘meaning’, but being at the same time inaccessible to scientific
explanation. Languages, cities, fashions, economies, societies and even theories all
fall into this category. We have ‘sciences of the artificial’ to enable us to ‘understand’
what we already ‘know’. In all such cases, it is likely that intelligibility at the everyday
level is due to autonomic underlying models; lack of intelligibility at the scientific
level is due to our not having adequate scientific models for such models. Recent
research in linguistics, artificial intelligence and mathematics suggests lines which
research might follow.> It may at least be shown that certain types of structure must
be inherent in such fields in order for them to work in the way they do.

It is useful to make an initial subdivision of the problem into three. First,
understanding how the solution field is organised formally; second, understanding
how it is organised semantically, that is, understanding the ‘theory’ or ‘bundles’
of theories and g-models on which it is based; third, understanding how it is
represented, and how these representations may be acted on so as to produce
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effective transformations. In certain senses, it will be seen that all three are the
same problem.

Most artificial systems exhibit a duality between a morphology based on
entities which are manipulated — words, walls, coins, mathematical symbols — with
a formal or logical structure which relates such entities to other entities of the same
type, and also to other dissimilar entities like ‘meanings’ or ‘values’, by which social
signification is achieved. In general, formal structures, like grammars, for example,
are autonomic while morphologies make up a consciously manipulable set.

The key to understanding how such structures combine into effective artificial
systems must tell us about the nature of the morphological ‘units’, the building rules
of the overall logic, and how the two combine together in a ‘natural’ way. The thesis
here is that the elementary units of the morphology are not ‘units’ at all in the usual
sense, but are already structures. Moreover, their structure, as opposed to their
phenomenal form, is as autonomic as the overall formalism. The understanding
of all such systems lies in discovering how the internal autonomic structure of the
‘simplest structures’ of the morphology already contains the rules which govern
aggregation into higher logical forms. The failure of general system theory to
progress beyond an elementary level in characterising how such systems work is
because this elementary principle of the dynamics of artificial systems cannot be
formulated within a definition of a system as ‘elements and their relations’. There
simply are no elements.

This abstract argument may be made intuitively accessible by considering a
simple example: that of a coin. Consider what it is that makes a coin more than a piece
of metal. A coin depends on entities and formal structures which are both absent
physically, and which may be entirely abstract. The ‘meaning’ of a coin depends on
the existence of logically similar entities with which the coin may be compared (coins
of other values); a set of dissimilar entities to which it may be systematically related
(loaves of bread, a day’s work); and a set of rules for making transitions between and
within these two domains. The coin ‘carries’ with it at least so much structure which
gives this ‘simplest structure’ the form of an H, with the left vertical representing the
similar domain, the right vertical the dissimilar domain, and the bar the mapping
structure (Figure 3.1).° The H shape is given for reasons of intuitive accessibility,
but from a formal point of view, the simplest structure should be represented as a
commutative square (Figure 3.2), since transformations in one domain carry with
them transformations in the other if ‘meaning’ is to be retained. Such commutative
squares, which appear to be general simplest structures in artificial systems, are
fundamental to modern algebra and category theory, and offer a simple formal
representation of the concept of ‘meaning’ (that is, a transformation in both domains
such that the mappings are commutative).

This example provides an illustration of the general dependence of ‘parts’
on the ‘whole’ in such systems. In a sense, the internal structure of the ‘simplest
structure’ is the same as the structure of the whole system. In architecture, the
‘simplest structures’ are even more complex, but have the same general form.
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Figure 3.2 Simplest structure: algebraic form.

Consider, for example, a wall. A wall appears a simple object, but considered
logically it turns out to be complex, even more complex, in fact, than the coin. In the
first place, a wall, by reason of its purposeful existence, distinguishes at least two
types of space. The reason for building the wall is to draw such a distinction. The
same applies to the invisible ‘walls’ which are pervasive in artefactual forms.

Moreover, if the wall is perforated or not, then it also defines a relation between
the two types of space. This is the simplest phenomenal form equivalent to the coin. To
this must be added the relation to a similar domain of such structures, and dissimilar
domains of usage and semantics to give the ‘simplest structure’ of architectural form.
This may also be called a ‘minimum meaning unit’ (Figures 3.3 and 3.4).

The pattern of dissimilar domains of entities, with mapping structures
between them, one domain of which constitutes the normal ‘manipulable set’,
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Figure 3.3 Architecture: simplest phenomenal form.
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Figure 3.4 Architecture: simplest structure.

is very general indeed in human cultures. It might not be fanciful to define man
as a structure who knows how to effect a large number of mappings between
dissimilar domains which may be expressed as commutative squares. Languages
have this form, with mappings between an abstract domain of ‘meaning’ and a
concrete domain of phonetic sounds. The architecture of architecture is equally
based on such structures which include, for example, the mapping between
human behaviour and its spatial containment, or between psychophysiology and
the environmental filter. In design, the mapping structures are used as autonomic
devices to solve problems. In research, these mapping devices are studied in order
to understand and improve them.

These arguments show, in principle, why it is possible for action on simple
‘manipulable sets’ to carry with it a high degree of morphological and logical
complexity, often without our being aware of it. The encapsulation of the complex
in the simple seeming object provides an initial tool for understanding the structure
of a solution field. But this is already insufficient for design, since design is not
carried out on objects but on representations of objects, whether on paper or in
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the head. It is necessary to understand how, formally speaking, this complicates
matters, but again the complexity provides a key to how the system works.

It has been known since the Stoics that the ‘sign’ is only a sign by virtue of being
connected to two dissimilar types of entity: the ‘lekton’ or conceptual referent;” and
the real or phenomenal referent. Figure 3.5 represents these relations. This ‘simplest
structure’ may be married to those already described to produce illuminating
results. For example, ‘signs’ in the normal sense constitute a manipulable set. Insofar
as they form a system in themselves, they do so by virtue of being based on some
semantic model, or bundle of theories, about reality. There is of course no universal
language in which every property of the world as it is can be equally and ‘objectively’
represented. Language is more like a theory of reality than a copy of it, as
philosophers have argued. Languages act selectively on the world and at the same
time systemically, and this is as true of mathematics as of natural language. In order
to inaugurate the modern era in mathematical physics, Galileo purified the world of
all properties that could not be represented in the evolving mathematical language,
calling them ‘secondary’ because they were concerned with the perception of the
subject rather than the measurable properties of the thing. This is still generally true
of science. In classical physics, for example, the operations which may be performed
on the calculus serve as models within sign systems for external realities, and
thereby constitute the means by which phenomena may be said to be ‘understood’
scientifically. The recent advent of new mathematical formalisms like catastrophe
theory® demonstrates how closely related the understanding of the universe is with
the forms implied in mathematical systems. Modern theoretical physics accepts a
basic duality in its research: on the one hand, it investigates formalisms; on the
other, it investigates the physical universe itself, making models in the former which
satisfy the appearances of the latter. The movement known as structuralism
proposes an exactly similar strategy in the ‘sciences of the artificial’.’

sign

. -H .
conceptual ‘real’
referent referent

Figure 3.5 Sign: simplest structure.
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Figure 3.6 Sign system: simplest structure.

All sign systems have this duality. At the same time as constructing a permissible
universe out of the maze of undifferentiated phenomena, they also systematically
interpret it. This pervasive form of connectivity in the artificial universe is often
overlooked. A term is needed and the notion of manifold may serve the purpose
(Figure 3.6). Manifold structures are very general indeed. Consider a machine,
for example. A machine constructs a permissible universe from which it can
accept certain types of input. It then carries out a structured conversion on the
input, and outputs an interpretation, which we call a product. An algorithm is
similar. The algorithm constructs its permissible universe, performs a structured
conversion on what is ‘selected’ within the domain so constructed, and outputs
an ‘interpretation’. Like the previous examples discussed, the manifold form of
connectivity (manifoldness) is one of the structures which makes everyday life
possible. The form of connectivity of the manifold is such that when part of the
manifold is activated, the whole necessarily also is.

The manifold is also one of the structures which makes design possible.
Because the systems of representations on which the designer operates both
construct and interpret their universe, and because they integrate the type of
connectivity discussed previously, it is hardly surprising that design is largely a
syncretic and hypothetico-deductive activity. The idea of the manifold in particular
suggests that current approaches to computer-aided design may be involved in a
kind of paradox. Even to name an architectural problem — say, ‘design a school’ —
implies a whole range of solutions which will be more or less immediately activated
in some sense through the designer’s manifold. The same applies to the definition
of space at all levels. To try to relate abstract space to abstract activity overlooks the
fact that each has already become an expression of the other. Concepts of space are
already social to us, not pure perceptions waiting to be socialised. The designer,
whether he is using the language of the brief, the language of concepts, or the
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language of drawings, is already embedded in a richly connected universe whose
connections are those dissimilar domains that must be related in his design —
these include activity and space, physiology and climate, and so on. Moreover,
these structures are embedded in all the language the designer uses, and in the
instrumental set — the technologies in terms of kits of parts and typical design
solutions — to which his systems of representations refer.

Manifolds show why pre-structures must dominate design. But there is a
further question. What is the relation of the manifold to ‘reality’? With a manifold
base, design takes an existing technological and environmental situation (kits of
parts, solution types) as a necessary starting point. But this does not mean that
design somehow works on the environment ‘as it really is’. On the contrary, the
distance between the ‘real’ socio-spatial situation and the designer’s pre-structure
which represents it will be subject to at least two types of transformation. The first
will be concerned with the designer’s ‘code’ — the structure which he abstracts from
and interprets the given situation; personal history, professional education, the
office, will all play a part in constructing this code. Second, a further transformation
will occur through the influence of the method of representation itself which will
act constructively and interpretatively as any manifold will. This means that the
study of design codes and the effects of all methods of representation used in
design are essential dimensions of the science of design.

These types of structure tell us in general how design is possible and what
should be studied. On the whole, they are properties of all similar manifold
systems of the artificial. But at least one other formal structure must be taken into
account, which begins to distinguish the properties of architectural design from
the general properties of manifolds. In all manifolds, the question of how function
turns into structure is of central importance. In architectural design, this problem
may be approached through the four-function model which, although presented
elsewhere otherwise, turns out to be a structure in itself.'°

The four-function model may be interpreted in the following way. Buildings
mediate two different kinds of relationship between man and nature and between
man and man. In mediating relations between himself and nature, man builds
a climate modifier. In mediating relations between himself and other men, man
builds a behaviour modifier. These two functions constitute the observable object-
level realisation of the man-nature/man-man distinction. Each of these is mapped
into a higher-order signifying system or, in other words, a general social language
and accounting framework for such modifications. On the one hand, the object-
level functions are mapped into a general analysis of resources whose language is
economics, giving the resource function; this is a generalisation of the man-nature
relationship. On the other hand, they are mapped into a general language of social
signification, giving the symbolic function; this is a generalisation of the man-man
relationship. Both higher-order languages comprise both lower-order systems. This
structure is shown in Figure 3.7.
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Figure 3.7 The four-function model as a structure (two versions).

Local and evolutionary time

Attention has so far been confined to the synchronous organisation of the solution
field as a searchable structure and as a formal structure of relationships based on
a general theory of environmental reality, through which problems may be both
defined and solved, the same structure governing both definition and solution.
As was previously argued, design may be seen as both the transmission of the
abstract ‘genotype’ structure as a whole, and its transformation to realise a partic-
ular ‘phenotype’. To understand how transformation occurs, the operations which
are performable on the genotype structure must be understood. This, in effect, is
equivalent to asking what time structures are relevant to an understanding of how
design is possible.
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Time is vital to an understanding of design at two levels. The first may be
called the level of evolutionary time, where the cultural genotypes of architectural
and urban form mutate gradually or are suddenly altered. This normally appears
in the history book under the heading of the history of style, but it is clear that,
from the point of view of the built environment as a whole, much more profound
mutations in the relations of changes in society to changes in its spatial form occur.
Evolutionary time is concerned with the gradual unfolding of a socio-spatial
morphology, which includes the development and stabilisation of technologies,
social processes of environmental control and all constructions of the mapping
from social into spatial form. The second level is that of local time, in which the
genotype is elaborated into a phenotype appropriate for a particular set of local
conditions, through the activity of designers, users and others.

Design has usually been represented as a decision process in local time. The
concepts of pre-structure, solution field and so on suggest that this is too small a
part of the story to render the whole process intelligible. But since design does
involve sequences of operations, in which time order is critical, then these must
be elaborated. First, a general consideration. Time structures in design must be
considered in relation to a ubiquitous property of manifolds — when part of the
manifold is activated the whole also is. Consider, for example, in carrying out a
conversation, the whole language structure is in action, both in order to interpret
what others say, as well as to plan one’s own.* The demonstrable dependence of
the part on the whole requires this formulation. No part of the manifold may be
used without having the whole at the ready. The manipulable set cannot be used
without holding the rules as an autonomic generative structure.

Four types of local time structure may be distinguished in design. The
first three have been dealt with at length elsewhere,'? so the fourth — arguably
the most important — will be the subject of attention here. First, a process of
increasing specification, in, for example, a sequence of more precise drawings,
continuously increases the range of excluded solutions and converges on a unique
solution which will be built. This is the process of variety reduction. Secondly,
the process of conjecture-test provides a basic unit of design activity by which
activated parts of the manifold are simulated as solutions and tested against the
problem constraints which will influence the form of the phenotype. Third, a time
structure which is the product of the complex of social relations in which design is
embedded. This leads to the sequential production of communications of various
kinds, sequences of consultation and so on, all of which have to be distinguished
from the underlying cognitive processes in the designer’s mind, however much
they may influence the result.

The fourth type of time structure is a generalisation of the conjecture-test
molecule of cognitive activity to the overall level of the process in local time. It is
here that the language analogy may be made most precise, and the language-speech
distinction used to clarify what happens in design. What a speaker can say at any
point in time depends initially on his competence, which is described by his grasp
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of the syntactic, semantic and functional structural abstractions which make up
the language as a whole. He requires a systematic structure for mapping between
meaning and verbal production. The limitations on this intervening structure will
limit both what can occur in the domain of meaning and in the domain of sounds.
The speaker, like the designer, starts from a pre-structure in which the most
important entity is the abstract structure by which mapping between dissimilar
domains may be affected. In all such cases there is a manipulable set. In the case
of language, the manipulable set is words and phrases; in the case of the designer,
it is the representations of the instrumental set. Without the mapping structures,
these are virtually useless and only meaningless sounds or arbitrary artefacts
could be generated.

What happens between meaning and speech happens in two stages, not one.
First, a set of semantic units, known in principle to be sayable, is conjectured in
the speaker’s mind. This may be thought of as a transition from the domain of
structured, combinable meanings, through the semantic structure, into a general
set of proposals for speech which are as yet unspoken. These units are realised in
the form of speech by passing them through a second mapping structure which
constructs word orders, phrase forms, sentence forms and so on, out of conjectured
but unrealised assemblages of units. This is illustrated in Figure 3.8. The first of
these mappings operates between dissimilar domains (conjectural meaning units
in verbal form), the second within one domain (general verbal structure, precise
verbal structure).

In design, two similar stages are detectable (Figure 3.9). As in language, each
is representable as a mapping, in the one case between dissimilar domains, in the
other within a single domain. The first mapping, made possible by the abstract pre-
structures, goes from a statement of the problem into a general solution. The second
maps from a general solution to a particular solution. The language analogy confirms
that the distinction suggested by Alex Gordon between strategic and tactical design
is not simply a useful approximation, but a basic attribute of all processes which
involves the use of some pre-structured code in an open-ended situation.'®

A further useful point may be derived by examining this simple basic structure
more closely. First, in language as well as design, the mapping from the general
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Figure 3.8 The L-shaped theory of language.
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Figure 3.9 The L-shaped theory of design.

solution (semantic units) to the specific solution (speech production) constitutes
a test of the realisability or sayability of the conjectured set. Thus, this two-
stage process is formally equivalent to the conjecture-test sequence previously
hypothesised. Since it is now widely agreed that such a sequence also underlies
science, it appears that this simple idea can unify speech, design and science as
being transformative of the same basic cognitive activity. In design, the normal way
of testing a conjectured solution is to try to specify it more precisely (thus fitting
the conjecture-test sequence into the overall programme of variety reduction) and
ultimately by building it.

Within this structure, two different strategies exist, although both are variants
on the conjecture-test form. The analogy of a detective who has a crime, a set of
clues and a set of possible villains may be used. The crime and the villain may be
imagined as the end point of a chain, the links of which are the clues in a deductive
sequence. The detective may either conjecture a villain and attempt to construct
the clues in such a way that they lead to him. Or he may try to build the chain of
clues from the crime ‘outwards’, in the hope that they will lead to a unique villain.
Both are conjecture-test, or trial-and-error strategies, and both construct particular
actions in terms of the overall logical structure. The same alternative exists for a
primitive man who has sticks, flints, slings, spears and twine but who does not yet
have a bow and arrow. Whichever way the designer operates, his dependence on the
given overall structure and the undiscovered potential of the situation is apparent.

These events in local time are in general of less significance in the overall
design of the artificial environment than events that take place, less obviously, in
evolutionary time. These changes have the effect of altering the general form of the
pre-structures which designers bring to bear on individual problems of phenotype
production, effectively acting as a framework of autonomic assumptions within
which they operate. At all stages it is the designer’s assumptions, the unconscious
givens, that provide clues to changes in the morphology of social space. The pre-
sent time is as good an illustration as any. Our societies are currently evolving new
spatial forms which, in ways which are not understood, seem intimately connected
to a parallel social evolution. To designers, these changes appear as arbitrary acts of
choice. But they will not appear so to anthropologists in the future, any more than
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the evolution of the structurally stable town form many thousands of years ago
appears to us now as the result of arbitrary choices. If design is to be understood
beyond the mistaken slight phenotype modification for the continuous recreation
of a genotype, then observers must become something like ‘archaeologists of the
present’, attempting to uncover the elementary forms by which our societies are
being mapped into new spatial structures. The question ‘how does the artifactual
environment influence the behaviour of society?’ is a manager’s question, not
the first scientific question. The first question for a theoretical science of the
environment is ‘what social behaviours determine the environment?’. When
research legitimises the second question, and not until then, will environmental
science evolve in a non-trivial way. This will not happen while, for example, the
application of mathematics to urban structures remains at its current level of
aggregating and relating observable collections of arbitrarily selected objects for
immediately instrumental aims. Only a model which aims at the generation of
socio-spatial form can begin to give the understanding of ourselves that must form
the basis of an environmental science.

Such a model is not as inaccessible as might appear initially.'* For example,
many inconsistencies disappear as soon as the local time of design and its object
functions are replaced by consideration of the same relationship in its evolutionary
time form of a higher-order language constructed out of the socio-logic of such
relations. For example, at the object level, the relation of activity to space appears
to require some permutation of the concept of ‘fit’, ‘misfit’, ‘loose fit’ and the
like, whereas in the higher-order language the relation requires another type of
formulation based on concepts of discovery, elaboration and transformation. In
fact, the design model outlined above may be continued through the user who,
like the designer, takes a pre-structure, elaborates it, discovers it, and cognitively
and actively transforms it. This continuous process of transformation, expressing
the relation of behaviour to space at all stages, is given in Figure 3.10. Within this
model, ‘fit’ may be assimilated as the efficient elaboration of a particular pattern of
activity in a particular pattern of space. But the opposite end of the spectrum - at
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Figure 3.10 The model of the relationship of behaviour to space.
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the Camden Roundhouse, for example where a locomotive shed became a theatre —
does not appear as an anomaly, or the result of some quite different process. The
theory based on discovery, the active form of the relationship, contains both within
a single theory.

The principle of elaboration may be used to outline a theoretical approach to
space where the fixity of artificial space — the property which confounds the orthodox
models — becomes a primary factor. Such a theory begins with the observation that
the simplest structures in environmental action are already complex structures.

Such elementary structures, given that they are identifiable, will contain
within themselves rules for combination into the higher-order aggregations which
give the spatial structure characteristics of urban and other higher-order spaces, as
mappings of social processes. These will lead, by further elaboration, to different
forms of structural stability to which both social and physical factors contribute.
Of particular interest are those structurally stable forms whose stability appears
as a function of socio-spatial denseness. Such a theoretical approach to urban
systems is in many ways similar to that recently outlined by René Thom' as a basis
for applying the mathematical theory of catastrophes to biological and cultural
systems. Difficult and scarcely scientific as the theory may be at this stage, it is only
by such or similar approaches that the broad genotypical changes which construct
the individual designer’s autonomic framework can be identified, and, in the long
run, a genuine liberation from the spatial prisons we are currently building for
ourselves be envisaged.
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4 The architecture of architecture
(1975)

Syntactic generators and semantic algebras.
Introduction to ‘The architecture of
architecture’

John Peponis

‘The architecture of architecture’ is the first published presentation of a theoretical
model of built space by Hillier and his colleagues. The central idea is that of a code,
linking the syntactic principles that generate an observable spatial form, with the
semantic categories that underpin its social meaningfulness.

Consider a simple enclosure and a relation of permeability between interior and
exterior. The differentiation of categories of space is already implied by the presence
of a boundary. The connection across the boundary affords restrictions on access and
enables control. In addition, rules may specify what can happen in circumjacent space.
It is proposed that enclosure can be a gesture of inclusion or exclusion. The inclusive
gesture faces inward and needs not keep surrounding space open. Adjacent enclosures
may be built subject to rules of aggregation specifying how many sides an enclosure
can share with others, and rules of permeability specifying whether each enclosure
should be accessible without going through the interior of another. The exclusive
gesture, on the other hand, faces outward and requires that open space be preserved.

Complex patterns arise as simple rules get applied to outcomes already
created. Thus, the gesture of inclusion can be realised by aggregating multiple
enclosures to jointly surround an open space, such as a courtyard. The
fundamental idea that spatial arrangements can be understood as outcomes
of a small set of elementary generative principles with an intrinsic social
logic was much further developed a year later in the paper ‘Space syntax’. It
found its clearest expression, with a fully elaborated notational system, in
Chapter 3 of Hillier and Hanson’s The social logic of space, in 1984. But then,
semantics, if at all addressed explicitly, are subsumed into the description of
syntactic relationships: the social labels assigned to spaces make them non-
interchangeable even when they hold syntactically equivalent positions; as a
result, a ‘longer description’ is needed than would be necessary to account for
the unlabelled physical form.
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With hindsight, therefore, we might ask whether there are avenues of enquiry
that might still be of interest if one was to take a fresh look at ‘The architecture of
architecture’. Note that in classic logic nothing can be simultaneously a and not a.
Hillier and Leaman propose that we can only account for the production of semantic
categories through social practice, including the practice of generating spatial
configurations, by allowing that the intersection of a and not a is not necessarily empty.
Take the dichotomy between an enclosed space and a space defined as open by virtue of
being adjacent to an enclosure; a garden can then be treated as a hybrid which is both
enclosed and open. The ‘negative counterpart’ of such a hybrid might be an enclosed
open space set apart and symbolically inaccessible in normal time, for example a sacred
space. The idea of a semantic algebra proposed in this paper is about accounting for the
types of space found in society by looking at their semantic construction.

The theoretical rudiments for building such an ambitious model are partly
anchored in the distinction between instrumental orders, associated with work and
production, and benefitting from physically dense patterns; and symbolic orders,
associated with ritual and requiring the preservation of open space. The former
are associated with inclusive gestures while the latter with exclusive. If, however,
dichotomies can give rise to new categories, it may be possible to model the range
of the different kinds of spaces that characterise a particular culture: streets,
squares, parks, sacred spaces, gardens or administrative buildings. Hypotheses
regarding such underlying socio-spatial dynamics are perhaps better elaborated in
the final chapter of The social logic of space. But the ambition to model the semantic
categorisation that is realised in spatial syntaxes is no longer in sharp focus.

‘The architecture of architecture’ is demanding on the reader. As a
foundational paper, it introduces and makes explicit the deeper philosophical
premises that underpin the proposed models. The structuralist idea that language,
cognition, kinship systems and other social phenomena have an underlying formal
structure which can be made explicit in appropriate mathematical languages is a
key motivator. The proposed models are intended to account for how the social
production of distinctive and complex spatial morphologies is possible. They
represent the internal logic of a morphogenetic system. From this point of view, the
epistemological stance taken by Hillier and Leaman challenges and complements
the underlying premises of the early performance-modelling papers presented at
the same conference.

The guided tour through entropic and morphogenetic time, purely physical
systems and systems that contain instructions for their own development,
statistical and structural stability, and organic and mechanical solidarity, may
appear alternately elucidating or distracting. However, the creative tension
between high-level abstract conceptualisation and the articulation of ideas
through precise diagrams and symbolic notations gives the paper its intense pulse,
the power to breathe into the reader insight already gained and the premonition of
further insight yet to be unravelled.
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‘The essential unit entity in biology is not the isolated individual,

but is the continuous configuration in space time which connects a
parent individual with its descendants (or more generally the union of
such configurations relative to species which have among themselves
functional interactions . . .’

René Thom!

‘One must force the frozen circumstances to dance by singing to them
their own melody’

Karl Marx?

Where do intentions come from?

Intentions are a favourite theme in architectural discourse. Not only are they said
to be the starting points for design, but also that which distinguishes architecture
as an art from architecture as a science. Since science deals with how things are,
not how they should be, architectural ‘intentions’ are said to be the responsibility of
the individual designer, or the bodies who instruct him, and architectural science
is asked to concern itself with the perfectibility of a process, a methodology for the
realisation of pure intentions.
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But where do intentions come from? At the very least, intentions must exist
by virtue of the prior existence of mental representations of a morphology — that
is, some set of related forms — linked to search procedures for the production of
design conjectures. These are the structures the designer thinks with rather than
things he thinks about, as unconscious as the syntactic and semantic structures of
language. The designer’s dependence on them is easily forgotten. Too often the
concept of ‘intention’ serves as a means of preserving this amnesia at the level
of theory. It locates the designer in a void, rather than in a universe of discourse
already highly structured through the history of the morphology on which he acts.
It dissocialises the theory of design and renders central questions — such as how the
individual acts of the designer transmit essentially social experiences —inaccessible
to systematic enquiry.

As soon as the relation between the manifest morphology of architectural
forms and the designer’s imaginative activity is recognised in theory, the conceptual
system of ‘intentionality-cum-methodology’, with its separation of ends and means,
breaks down. It is the essence of any design activity that ends and means are linked
into a single conceptual system. Any reference to ends is already resonant with
means, and vice versa. It is this unity that makes design possible.® The existence
of a morphology is the precondition for an imaginative and creative activity. The
study of that morphology is therefore the study of the conditions within which
design is possible. This is the theme of the paper.

But if architecture-as-activity is only possible because architecture-as-
things exists, then there is more than a little inconsistency in arguing first that
architecture is unlike science because it is concerned both with ends and means,
and second that ‘intention’ can be separated out as the special preserve of non-
science. But this conceals a more important oversight. Science has been concerned
with systems which incorporate ‘intentional’ or ‘purposeful’ behaviour for nearly
two hundred years, more or less since the notion of function became a main theme
in the scientific investigation of natural forms. The notion of function as a creator
of form, in a suitable environment, led to a new understanding of the importance
of time, resulting eventually in the vast new perspective of evolution theory.
Architecture, in spite of its predilection for organic analogies, has not yet passed
through a parallel emancipation. It continues to operate in three-dimensional
space, rather than in four-dimensional space-time. The belief in the autonomy of
intention in architecture is by and large an illusion resulting from the removal of
time from the morphological field on which architecture acts, and with which it
thinks. The re-introduction of time has the effect of making architectural science,
potentially, and if we wish it, co-extensive with architecture, and makes it possible
to study how the initiatives of the individual designer are linked to the higher-
order systems by which each society constructs an artificial environment in its
own image.
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Physical time and biological time

Two distinct conceptualisations of time, one rooted in physics, the other in biology,
have co-existed in science since the last century. The physical view of time developed
through the notion of irreversibility. Any reversible process was shown to be
accompanied by an irreversible sub-process, which continues in the same direction
regardless of the direction of the main process. The irreversible sub-process is the
progressive loss of energy available for work. At a general level, this is identified as
the tendency to increased disorder, or entropy, in any system. The formulation of
the concept of entropy thus led to a physicalist interpretation of time with an arrow
pointing in one direction only. This concept might be conveniently referred to as
entropic time.

Biological time was quite different, and in important ways opposite to the
entropy interpretation. Darwinian evolution demonstrated that the variety of
observable species was not to be accounted for in terms of the variable effects of
the environments, but through the successive transformation of species into new
species. Prior to Darwin, ‘environmental’ determination was the scientific orthodoxy
(formerly held by Darwin himself) with transformationism an improbable
metaphysics. The transformational time defined by an evolutionary process was
not marked by any kind of regular clock, not even the cosmos itself. It required no
exogenous ‘frame’. It was defined by the successive appearance of new forms, in
which the next was possible only because the last had occurred. This can be referred
to as morphogenetic time.

Both concepts use nature to record time with unique directionality. But
there is a difference. Entropic time is a time of observers located outside a system,
able to observe changes in relations within the system and call them entropy.
Morphogenetic time is time internal to the system, of the nature of its being a
system and its form of organisation. It yields a space-time unfolding into greater
rather than less organisation, eventually giving, as is the case with biological
evolution, systems which are so logically complex that they see themselves, and
begin to construct their own evolution.

Through the agency of physical analogue and statistical mechanical models,
the physical view has dominated environmental studies. At a theoretical level, this
dominance had been reinforced by the adoption of ‘general system theory’, which
attempts to reduce biological (or morphogenetic) time to physical (or entropic)
time, in order to gain the advantages of the more easily available calculus associated
with the latter. This has led to a generation of non-morphogenetic models which
are in effect highly conservative, even leading to the covert introduction of ‘social
Darwinism’, which reduces evolution theory itself to physical time by emphasising
the mechanics of natural selection at the expense of morphogenesis.

The loss of the morphogenetic theme is a high scientific (perhaps also social)
price to pay for the instrumental advantages of a calculus. But there is another less
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obvious loss, and that is the possibility of bringing ‘intentions’ and ‘purposes’ within
the domain of scientific enquiry. The notion of a system which projects a future
state of itself by means of some set of ‘symbols’ (that is, entities that represent other
entities, in an informational sense), which do not resemble the projected state as
much as act as instructions for building it, is as old as Leibniz, and today offers the
general explanatory framework for the study of living organisms at most levels of
resolution. It provides a general theory of the means by which nature realises both
the continuous production of structurally stable forms, and, in the longer view,
morphogenetic transformation. To think of symbolic projections of future states
in any system as being solely to do with extra-scientific ‘intentional’ behaviour
(and in architecture to reduce this to the individual imagination) is clearly the
result of taking too limited a view of the system, in effect taking it out of its
temporal context. What appears at any moment in time as ‘intentionality’ is itself a
possibility, created by the unfolding of that morphogenetic system up to that point
in time. To say, for example, that a clock fulfils the purpose or intention ‘to tell the
time’ may be adequate in everyday language, but from a scientific point of view
it is misleading. To ‘tell the time’ is not a construct which exists independently of
the artificial morphology defined by ‘clocks’. It is a conceptual ‘intention’ existing
only by virtue of the prior existence of that morphology of clocks unfolding in
space-time.

The morphogenetic analysis does not of course solve the problem of ‘is’ and
‘should’, although it constrains it within a more limited field. But it does introduce
a useful new category: the category of the ‘might’. Any morphology must be
defined as a set of possibilities, not all of which necessarily exist. The actual is
not uniquely possible, but an instance of the possible. A morphological set may
be thought of as existing either as a distribution of variety regardless of time, or
as an ordered, evolutionary series with a unique time direction. It is noteworthy
that, at a sufficient distance from our own society, this framework of analysis is
normally adopted. An archaeologist or an anthropologist will not see ‘intentions’ or
autonomous ‘purposes’, but an evolving morphology which links social action and
thought to artificial things. The scientific study of contemporary artificial systems —
it might be called the archaeology of the present — requires a parallel distancing.

Morphologies and codes

Any science, natural or artificial, has for its object a morphology that exhibits
similarities and differences in space-time. The invariances, local and evolutionary,
of the set is the object of theory. A theory takes the form of a model, made of
symbols, which attempt to represent the space-time morphology as a set, or series
of transformations. Operations on the symbols should reproduce, or be mappable
into, the observed transformations in the morphology. If this is successful, then
the invariances of the morphology might be held to be recaptured in the symbols,
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and a theory to exist. But to evaluate success, it is necessary to converse with the
morphology without the intermediary of symbols, that is, we must displace it
physically in some way (experiment), or simply observe it. The theoretical-practical
duality of any scientific endeavour follows naturally from these considerations, as
does the logical similarity of superficially different types of theoretical activity.
For example, in one case the symbolic model may be an equation, the space-time
morphology of a certain series of states of falling bodies, and the mode of direct
conversation experimentation; and in another the symbolic model may be a series
of sentences in natural language, the morphology human societies, and the mode
of direct conversation systematic observation. In all cases, however, the results of
science are structures of symbols which represent morphologies.

If natural morphologies are already internally structured (that is, generated)
through the mediation of symbol-like entities, then it follows that a scientific theory
may actually take the form of simulation, in artificial symbols, of some structure of
‘symbols’ that already appears to exist within nature itself. The ‘genetic code’ is an
example.

If the morphology in question is artificial rather than natural — say, language —
then the situation is still more convoluted. First, any invariance in the morphology,
which a theory of that artificial system will attempt to recapture, must be assumed
to have already arisen through the agency of active and cognitive behaviour on
the part of human beings, or their collectivities. Second, it must be assumed
that some, or even all, of these invariances are already ‘understood’ in the same
sense that the syntactic and semantic structures of language are understood,
and in everyday use, without this ‘understanding’ being externalisable. Indeed,
it is largely through such autonomically ‘understood’ structures that language
permits — to use Chomsky’s memorable phrase — a ‘rule-governed creativity’.

Many artificial morphologies exhibit these paradoxical properties of being
autonomically ‘meaningful’ and usable while resisting scientific explanation as
to how this is possible. Systems which are entirely non-mysterious in everyday
life remain more inaccessible to scientific understanding than much of nature.
Languages, cities, societies, cultural systems, architecture, even knowledge itself all
illustrate this paradox. As a consequence, special sciences have come into existence
to study these systems, namely the sciences of the artificial. The branch known as
‘structuralism’ explicitly studies what is already ‘known’ in the autonomic sense;
that is, it tries to reconstruct the conditions in which such ‘knowing’ is possible.

The morphologies that exhibit these paradoxical properties have one
attribute in common: each either is, or contains, a system of social signification. It
is this, rather than the physical nature and form of the morphology, that renders
it opaque to present scientific understanding. In the case of architecture, the prob-
lem resides in how architecture ‘works’ in relation to society. How and why do dif-
ferent societies at different times construct and transform artificial space, and what
is the effect of these transformations? How can the intelligibility of artificial space
be accounted for and reconstructed?
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The concept of ‘code’ is useful in analysing such morphologies. The word
‘code’ has two slightly different meanings. It can be a structure of rules governing a
particular morphology, say, a set of permissible behaviours. Or it can be a structure
of rules for making translations, either between differently structured domains of
the same morphology (as in the case of a code for transmitting secret information)
or between two dissimilar morphologies (as in the case of a morphology in space-
time related to an abstract or semantic morphology — language for example). The
latter is the important one from the point of view of artificial morphologies which
serve as signifying systems, since the formal requirement for inter-subjective
intelligibility to be available through such a system is that transformation within
the space-time morphology should be systematically related to transformations
in the semantic morphology. This would be the minimum structure necessary for
such a system to transmit meaning.

If, in addition to the intelligibility requirement, the further stipulation is
added that the morphology should work as a ‘rule-governed creativity’ — that is
algorithmically, rather than on a basis of one-to-one mapping — then it implies that
each of the dissimilar morphologies related in the code must possess its own internal
structure, and that the translatability between the two must be at a level of parallel
structural transformations, and not at the level of looking up forms in a dictionary
which assigns a unique ‘meaning’ to each. Language exhibits this property in both its
domains. Words tend to be organised into syntagms and syntaxes. The ‘semantics’
embody, at the least, a bundle of interpretive schemes for dealing with reality and
capable of ‘solving problems’ introduced by unfamiliar experiences. Structures of this
type are the subject matter of categorical algebra, and the best way of representing
them formally is by treating the morphologies as the domains of an algebraic
structure. A simple, yet mathematical, interpretation of the concept of ‘meaning’ is
yielded through such formal structures of relationships.

Lévi-Strauss has written extensively on the algebraic bases of cultural signifying
systems and has ascribed their existence to inherent properties of the human mind.
The foregoing considerations suggest that his analysis is unnecessarily extreme. If
account is taken of the ‘dissimilar domains’ structure of such codes, and the ‘internal
structure’ requirement, then it is clear that during the evolution of the system there
would be a need at each stage to maintain translatability between domains, and this
could only be based on a formal translatability between the — possibly different —
structures within either domain. In other words, a need for an algebraic mappability
would ensure that at each stage of evolution, the whole system, and each domain
separately, would retain an algebraic form by being related to the other. The space-
time morphology would be internally ordered through the evolution of structurally
stable states as it moved from simpler to more complex forms. The internal code
of this morphology would be an abstract deposit of these structurally stable states.
The concepts of structural stability and morphogenesis are keys to the nature of
artificial codes, and translatability between dissimilar domains can be suggested as
an alternative general theory for the algebraic nature of codes.
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The concept of code thus offers a framework for the scientific analysis of
artificial morphologies that is both rich and rigorous. It links together, in a natu-
ral way, aspects of the subject matter that are normally well separated and even
thought incompatible. For example, it links the social and historical aspects to the
mathematical. It links the study of modes of creating artificial space to the study of
its intelligibility. It links the notion of underlying formal structure to that of a rich
variety at the observable level. It links existent and past states to possible and non-
existent states. The code is the means by which the unfolding of a morphology in
space-time ‘passes through the head’. By studying the history of that unfolding, and
in particular its structurally stable states, in relation to the societies that produced
them, we are in all likelihood studying the means of our own awareness of space,
that is the cultural intelligibility of the morphology of artificial space.

The analysis of an artificial system on the basis of the concept of code requires
three related studies. First, the study of a morphology and its internal rules of
evolution, giving what might be termed an absolute or ‘mindless’ unfolding of
that morphology. This, for convenience, may be called the syntactic domain.
Second, the study of a semantic field to which the morphology refers, in a signifier-
signified relation. This may be called the semantic domain. And third, the study of
the translatability relations. The concept of code might be held to refer simply to the
last, the translatability relations, but since these are meaningless without the two
domains, then it is better to refer to the whole structure only as the code.

Statistical stability and structural stability

Science, being concerned with the introduction of novel artificial structures
and relationships, namely those between symbolic systems and morphological
domains, takes the form of a dialogue between the formal capabilities of symbolic
systems and the morphological domains they aim to encapsulate. This requires the
scientist to be aware of the constructive effect of symbolic systems on the world
they describe. The universe seen through symbolic systems is likely to reflect the
internal properties of that symbolic system. This can happen in mathematics as well
as natural languages. Social scientists, for example, have mistaken the forms of the
calculus, with its central notion of continuous concomitant variation, for mathe-
matics itself, and even for science itself. Only relations, however few, reflecting
this structuring effect of the dominant symbolic system were permitted to be
‘scientific’. The use of structural mathematics in related fields like anthropology,
and the growing knowledge of catastrophe theory,* are only slowly leading to an
awakening from this ‘dogmatic slumber’ of the social sciences.

Awareness of this danger suggests that it is useful to establish a metacritique of
the types of formal language available, and the properties of morphologies to which
they might refer. In general, three types of property that morphologies present can
be distinguished and referred to the properties of symbolic systems. First there are
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logical properties (for example: ‘existing’, or ‘not being something else’) which are,
quite simply, the minimum properties of all objects. To this domain corresponds
the symbolic system of logic, which deals with those properties of objects which
they share with all other objects. Second, there are measurable properties, the
separating out of which was Galileo’s great contribution to theoretical physics, that
is, his ‘primary’ properties, as opposed to the ‘secondary’ properties which were
imposed upon the object through our mode of perception. To these correspond the
mathematics of quantity. Third, semantic properties, namely those which result
from significant connectedness within and among morphologies, a subset of which
map into human cognition, and are called ‘meaningful’. To these correspond the
mathematical structures we normally think of as algebraic. The relations among,
and mutual reducibility of, these different types of mathematical structure are
of course of great importance in the history of epistemology, but they are not
our theme here. Here this distinction is introduced in order to clarify the role of
statistics in modelling artificial systems.

Statistics is essentially the logic of aggregates. Like logic, it requires only that
a set of objects has a property, say, of corresponding to a point on a continuous
scale, or of adopting, at any point in time, one of two fixed states. Then, given
that the process is random, meaning that there is no connection between objects
or events (no significant connectedness, or semantics), statistics can make good
predictions about the behaviour of such aggregates, since in large enough samples
these will approach statistical stability as expressed, for example, in a normal
distribution curve. Where the process is non-random, for example when the events
inasequence are such that an event is influenced by previous events in the sequence
(as in a sentence for example), then we introduce more algebra into the equations.

The importance of this randomness requirement is not always realised. It
implies that when a set has a strong internal structure or is observed only in small
numbers, then its properties or behaviour will less easily conform to the basic
pattern of statistical stability. Structure is the enemy of statistical stability. To use
a simple example, if we regularly patronise a coffee house, and the strength of
the coffee varies from being very strong to very weak and back again, rather than
oscillating around a mean strength, and this holds even for a large number of visits,
then we know that the process is non-random, and that some stable structure has
interfered in the system to produce statistical disorder — that is, a stable deviation
from the normal distribution curve that a random process of coffee-making would
produce. For example, there exists a rota for coffee-making on alternate days
and the different coffee-makers make it wrongly in a different way. This relation
between structure and statistical disorder at the level of resolution at which we first
seek it is of the utmost importance. Moreover, for large numbers, it is essential that
the interference structure should be structurally stable, or it would not produce
interference in the statistical stability of the sample.

This quickly leads to qualitative break-off points in the type of order we can
hope to find in a system. Consider a simple spatial example of swimmers depositing
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towels on an undifferentiated beach. The order in such a system could be described,
for large numbers, in terms of some probable spatial distribution of clustering,
taking into account such factors as point of entry to the beach and so on. But take
those swimmers away from the beach and put them in a more complex environment,
say, wooded dunes, and give them a packet of sandwiches and a qualitatively differ-
ent situation appears. In this case, the distribution will be largely determined by a
new stable structure, namely that the swimmers will locate themselves by finding
realisations in the rich environment for a model ‘in the head’ which tells them what
a picnic place is like. Although we have only increased the degree of differentiation
in the system, it is clear that our concept of order must be of a different kind from
the statistical one that worked in the less differentiated case. The situation is still
highly ordered, but not in terms of a statistically stable distribution on a surface.
In social science it is these structurally stable deviations from statistical
stability that should be studied. Statistical disorder is interesting because it requires
us to look for such a structure. In this case, the possibility of a purely statistical
order acquires a very useful role as a starting place, since it tells us what the system
would be like if it were random, that is if it lacked semantic properties, that acted
as structurally stable interference effects in the statistical stability. The task of any
science is to arrive at a random process in respect of its morphology, that is, to name
and relate all structure that produces non-randomness, such that what remains
in the space-time manifestation of the morphology is random and therefore
epiphenomenal. Codes are structurally stable producers of non-randomness.

Function and form in architecture

That buildings are ‘functional’ and ‘meaningful’ is self-evident, but it is equally
self-evident, through the morphogenetic analysis, that ‘function’ and ‘meaning’
exist and are intelligible by virtue of the evolution of a morphology of built forms.
This requires us to make a further fundamental distinction in the study of artificial
systems, one which is familiar in linguistics but not in sociology or architecture. This
is the distinction between the morphology itself, as it exists at any point in time,
and the individual or corporate appropriation and use of that morphology. The first
corresponds to what the linguists call the level of language, which is a structure of
social conventions independent of the individual; the second corresponds to speech,
or the individual appropriation of the existing morphology. The natural linkage of
the higher-order, supra-individual morphological domain with the individualised
but still structured appropriation of it that linguistics proposes works well for
architecture, and leads away from the mystique of ‘intentions’ without sacrificing
creativity.

A conceptual difficulty arises with architecture because the morphology of
forms exhibits what we might call ‘negative redundancy’ in relation to function:
that is, nearly everything functions in more than one sense. This can be understood
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by looking at the evolution of built form in terms of a fundamental duality: that
buildings at once function as modifiers of the relation between man and nature
and as modifiers of the relation between man and other men. But this duality is not
strange. In fact, it is normal. All systems by which mankind changes its relation to
nature are also elaborated into systems of social signification. We might consider
eating as an example. Eating fulfils an energy transfer need, but at the same time
it is embedded into complex and pleasurable cultural forms. In social terms, the
functional nature of all such artificial systems is to exhibit this duality. To restrict
its function to the physiological aspects desocialises the morphology and renders
it unintelligible.

The matrix of these dualities, man-nature and man-man, and ‘language’
and ‘speech’, constructs the four-function model of architecture.® At the level of
‘speech’ or ‘design’, the man-nature relation is the climate modification function
of the building; at the level of language’ or ‘morphology’ it becomes the resource
modification function. The man-man relation at the lower level is the level of
interaction between activity and space; at the higher level it is space as a social
language constructed through the properties of the morphology. This paper is
concerned with the last named, the man-man relation at the level of the ‘language
as a whole’.

In all such artificial systems the existence of the language-like morphological
level is the precondition for the speech-like ‘design’ level. To try to consider design
independently of its morphological domain which makes it possible is like trying
to explain speech without understanding the structure and properties of language.
The important question is: how is it that higher-order morphologies are constructive
of speech or design acts? Is it simply by providing a set of morphological images
which can be transmitted? Or is it important that, in architecture as in language,
this relation should work algorithmically, and not on a one-to-one basis, in which
case we must assume it has a more abstract nature? Again, the concept of code
comes to our assistance. One aim of the second part of this paper is to show how and
why the transmission is algorithmic and abstract, rather than imagistic and one-
to-one. In explaining this we shall use the notion of code to link sociological and
logico-mathematical properties, and in effect to give a sociological and historical
interpretation to the formal properties of built form which are embedded not so
much in the morphologies as in the relations defined by morphologies. It is the
abstract nature of this transmission structure — the code — that links the generation
of built form to our understanding of it. It passes through the mind both ways.

The hypothesis is that the relation of human behaviour and cognition to
artificial space is governed by an evolutionary code, which explains both our modes
of constructing space and the way it is intelligible to us. The morphology therefore
exhibits the properties of social language. The abstract code will account for the
similarities and differences in the morphology, and show how our understanding
of them depends on a matrix of socio-spatial abstractions. From an empirical point
of view, the code can be seen as a structurally stable interference in an otherwise
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random statistical order, existing at the level of interaction between activity and
space. In terms of architecture as a whole, the analysis is incomplete, since it does
not deal with the man-nature side of building. Nevertheless, it offers a framework
for integrative analysis of both aspects.

The logic of space

The research programme implied by this theoretical perspective is therefore
concerned with the reconstruction of a code which produces structurally stable
differentiations in the forms of artificial space, and can be thought of as equivalent
to a theory of that morphology. The test of such a theory is its ability to map
observable transformations into transformations within the symbolism in which
the theory is embedded.

This is an orthodox, hypothetico-deductive scientific strategy, but its
epistemological stance is quite different from that of system theorists. The meta-
theoretical statements of system approaches normally argue that all models are
relative to the observer’s intentions and purposes.® This is not self-evidently true.
A covert anthropomorphism underlies the relativistic modesty of system modellers.
Surely nature itself has its own models? The genetic code is not relative to observers,
since epistemologically speaking we cannot doubt the existence of some such
structure. The genetic code may be thought of by us as relative to our sign systems,
and the conceptual schemes they imply. But from a scientific point of view such
structures exist in nature as ‘internal’ models, and much of modern biological
research is concerned to reconstruct them.

In the domain of the artificial, these concerns are reinforced. Language
may be considered as an example of a structure which undoubtedly has a formal
structure independent of observers (indeed it is that which gives it its creative
usability by individuals). A model for a grammar may be wrong, but this does
not imply an epistemological relativity. The difference between ‘structuralist’
and ‘system theoretic’ approaches in the sciences of the artificial is given by this
distinction between what might be called ‘internal’ (structuralist) models and
‘external’ (system theoretic) models; this in turn links into the distinction between
morphogenetic time (internal models) and entropic time (external models).” The
research strategy implied by the internalist programme could be characterised
approximately as treating reality as the printout from a computer, and trying to
deduce or reconstruct the programme.

Another way of looking at it is to suggest that the Galilean hypothesis
(that physical reality is mathematical, and that equations are more than useful
instruments) is being transferred from the natural to the artificial world. If artificial
reality is indeed logico-mathematical in some sense, then it should not be thought
surprising. Mathematics and logic are themselves artificial, and since they attempt
to deal with the formal and abstract properties that are not written on the surface
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of things, at the same time as representing our cognitive operations on things, then
it would be no surprise if foundational ideas in mathematics were also pervasive
structuring forms in artificial domains. Both in biology and artificial sciences,
structuralism is founded on this anticipated isomorphism.

In the case of artificial space, the point acquires force through a simple analogy
between spatial and logical forms. The simplest gesture of artificial space is that of
defining a barrier. A barrier distinguishes two types of space from each other. If
no distinction were required, then no barrier would be required. This corresponds
exactly to the basic gesture in the logic of classes, that is drawing a distinction by
putting a barrier between concepts. Moreover, in space as in logic, this gesture can
be made either in terms of distinguishing two types of space both with positively
different properties, or in distinguishing one positive type and its complement or
negation, that is lacking the property. Again, by making a barrier permeable, we
define a relation between types of space. The clarity introduced into formal logic
by Venn diagrams might be thought of as illustrating this close analogy between
space and logic. Finally, it could be argued that, like logic, architecture begins with
simple spatio-logical gestures in three-dimensional space, then elaborates them
into many-dimensional structures in logical space. It is through this that in building
walls and holes we build intelligibility and complexity.

Spatial surfaces and aggregation modes

In all artificial systems which construct inter-subjective ‘meaning’, the question
arises as to the level of resolution at which this meaning is principally decipherable.
In language, for example, it is not the level of the word. Any word is prolific with
possible meanings, as any check with a dictionary will show. Language nevertheless
manages to achieve unambiguous definition of the meaning of a particular word by
extensive use of the context of the word, including the other words around it, the
epistemological context of the speech act, and such extra-verbal cues as style and
gesture. These are not gratuitous and decorative aspects of language, but technical
devices for fixing meaning across a semantic field that is vastly larger than it would
be if words and meanings were in one-to-one correspondence.

From the point of view of words, the sentence is the minimum viable meaning
form, although even this still requires all the context variables. This appears to
have an interesting correspondence with the way in which people and architects
experience artificial space. Architects both design buildings and tend to see
buildings as the basic unit of environmental experience. The architectural culture
can be virtually defined in terms of the tendency to select a particular building
from an aggregate and give it unique attention. For the layman, unless he shares
the architectural culture, the situation is usually different. His experience is usually
at the level of ‘place’, that is the general properties of the location and situation in
which he finds himself.
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Given that buildings, like words, may be rich with possible meaning in
themselves, another promising analogy with language suggests itself. Everyday
experience of space appears to be much more at a level comparable with the
sentence, that is the aggregate of buildings in a particular location. This is
confirmed by the way in which spatial terms and their associated social semantics
are embedded in the unconscious semantic structures of language, in which words
like ‘village’, ‘suburban’, ‘urban’ and so on are spatial descriptions which carry with
them a mode of social existence. They appear to constitute, as it were, islands of
structural stability in the socio-spatial code. No term exists in architectural discourse
for this level of experience, and certainly no technical term. Since it appears that
the elementary level of environmental experience may be that of the ‘sentence’,
or characteristic aggregate, a new term is needed. The term ‘spatial surface’ is
suggested. The primary level at which the socio-spatial code expresses itself through
the language of the morphology of artificial space is this ‘spatial surface’.

It might appear that in moving up the scale of complexity, an insuperable
problem of formal description is likely to arise. Are spatial surfaces not infinitely
variable? In certain ways they are, of course, but in terms of certain structural
properties they are much simpler to describe than buildings. As is normally the
case with hierarchically organised systems, micro-state complexity yields a macro-
state simplicity. In some fields it is very difficult to say how this happens (picking up
a cup of coffee, for example, is a simple macro-state gesture involving phenomenal
micro-state complexity), but in the case of artificial spatial surfaces it is relatively
simple. Their general structural properties are given by the way in which the spatial
surface is generated. These processes of generation can be termed: aggregation
modes. That aggregation modes take relatively few basic forms can be seen by
considering a little more closely the logic of spatial elaboration.

Buildings are normally thought of as enclosing space. But they also define
external space. They do so individually, but more importantly as aggregates they
define higher-order spaces. An aggregation mode is a rule structure concerned with
what can and cannot be done after space has been enclosed, both in the substantive
proximate space, and in the marginal spaces defined by the shape of the building.
It is these socially defined rule structures which give rise to the characteristic
structural differences in spatial surface, and it is at this level that the morphology
of artificial space acts as a social language. Aggregation modes, it will be seen,
are invariant under changes of style, technology and decoration. They provide
the rudimentary schemes on which decoration may elaborate. It is aggregation
modes which account for the manifest homology of socio-spatial forms distributed
through different cultures in time and space. Also, the major transformations in the
morphology of space that are occurring today are through the dramatic effects of
changes in the aggregation modes, and their social semantics.

It will be noted that a radical change in the mathematical strategy is implied
by these concepts. A generative approach is to be substituted for a descriptive one.
This is a major simplification, since it is argued that the structural properties of
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spatial surfaces on which ‘meaning’ (and therefore the usage code) hangs are given by
the generative rules for that spatial surface. This generative approach applies both
to the local (in space and time) generation of a spatial surface, and to the evolution
of the code itself on an evolutionary scale.

The concept of system also changes with this approach. The task is not to
describe a system as it is presented to an observer, in order to introduce better
external controls on its further development, but to understand how the system
generates itself, and produces its own internal order, that is, its structurally stable
states and processes within an evolution of a socio-spatial morphology. In such
a system there are no simple elements, only relations between morphological
and semantic domains. Moreover, it has already been shown how complex a
barrier is, seen from a logical point of view. The secret of the evolution of such
systems, and that which solves the problem of relations between micro-states and
macro-states, is that the ‘simplest structures’ (rather than ‘elements’) of such a
system contain within themselves structural variables which lead, when simplest
structures are combined together, to variable unfoldings into higher-order systems.
Itis the object of the next stages of the paper to argue that these unfoldings possess
stages of structural stability in both morphological and semantic domains of the
code, and in the translatability relations.

The ‘system’ described is, of course, a large, incomplete and evolving
abstraction, which is not directly observable (any more than the equation for a
falling body is observable); moreover, it is probable that no complete embodiment
of the ‘system’ exists on the ground, but that nevertheless it is the means by which
what does exist on the ground, with all its local and historical contingency, is
intelligible. At this stage it is clear that a virtual reversal of the concept of ‘model’ is
involved, since it is argued that this abstraction is the most ‘real’ thing, and that the
realisation in space-time — the artificial spaces we see — are ‘models’ for this abstract
structure of relations. But such a reversal is familiar. This is the concept of model
used in mathematical logic, where a ‘model’ for a structure of logical symbols is a
realisation in some mathematical domain.

This might be thought an intellectual extravagance, were it not that this
coincides precisely with our present understanding of how language works, and
how it relates to acts of speech and understanding. It appears that we need a
paradigm in which the whole of language and its semantic field is in action with
every linguistic act. It has, for example, been demonstrated that in order to decode
certain sentences exactly — which in practice are not difficult but which a computer
cannot manage — it is necessary for the decoder to have access to virtually the
entire field of knowledge of the speaker.® If artificial space is intelligible, there is no
reason why it should not be because a knowledge of the whole code is embedded
in our representation of the morphological field, such that as with language, the
whole structure can be set in action in interpreting environmental experience. How
this relation of the whole code structure to the particular situation and experience
is constructed will also be part of the subject matter of the ensuing section.
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Elementary syntax of spatial surfaces

The general form of a code is that two dissimilar, internally structured domains
are linked by translation rules, such that transformations within one domain
can be mapped systematically into transformations in the other. Where one
domain is morphological and the other abstract, a syntax-semantics distinction
can conventionally be used. This duality of a morphological reality and a domain
of abstract ‘meaning’ characterises artificial space, but it is also necessary to make
a further subdivision within each domain into two further subdomains, giving
four domains in all.

It has already been observed that the simplest architectural gesture, the
indication of a barrier, yields an already complex structure, namely a relation
between an enclosed and non-enclosed space formed by a barrier, both being
mapped into a semantic domain. The four domains of the code are all present in
this structure:

1. logical differentiation of types of space, that is the reasons for enclosure or non-
enclosure

2. the barrier arising from (1), the act of differentiation, forming enclosures and
defining non-enclosures

3. the permeability of enclosures in relation to non-enclosures and other
enclosures

4. rules governing what may happen next in the proximate spaces defined by the
enclosure.

The hypothesis is that each domain has an internal structure, such that its
transformations can be mapped into transformations in all other domains.

Call logical differentiation A, barriers forming enclosures E, permeability
P and rules for further elaboration F. For purposes of initial exposition, let each
of A, E, P and F adopt one of two states: the positive state, A, E, P and F and the
negative state A’, E’, P" and F’'. Thus, A or A" distinguishes a reason for being E or
F’, enclosed or non-enclosed, implying P or P’, the form of permeability between
enclosed and non-enclosed (or enclosed and other enclosed) and a rule F or F,
which says whether or not a further enclosure can be constructed in the proximate
space to the enclosure. This gives an overall structure: [[AVA'] — [EVE]] —
[[PvP] — [FvF]]. This represents the logical form of the simplest architectural
gesture. Conventionally, E and P may be thought of as syntactic, since they refer to
the ordering of physical entities, A and F as semantic since they refer to ordering
of abstractions.

For the sake of simplicity, assume that a complete enclosure is made of four
barriers in the form of a square. This is the basic unit of operation and carries with
it all the structure in the above expression. Let A be such that for each barrier a rule
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F or F’ governs what may happen in the external space beyond the barrier, namely
F, ‘free to enclose again’, or F’ ‘not free to enclose again’. Thus, for each completed
enclosure, A determines a function f, which may have a value from 0-4 according
to how many of its barriers may be built against. Thus, for an enclosure with f
none of its four barriers may be built against; an f; enclosure may have one of its
four barriers built against; and so on up to f,, which may have all its barriers built
against. A space, defined by an enclosure, is assigned, through the act of enclosure,
a rule which says whether or not the proximate space is free to be built upon or
conserved. A randomised process is then assumed to operate, using these rules and
structures, in a finite, isotropic space until the space is as densely filled as possible
subject to the rules and structure.

Examples of the outcomes of such operations are given in Figure 4.1.
Obviously for f, the result is a series of free-standing pavilions because each time
an enclosure is completed no wall may be built against any other. The surface
is full when no more enclosures can be fitted in without touching each other.
For f, the results are rather similar, but the units are semi-detached; f, is more
interesting — the more familiar constructions of streets and squares as well as a
variety of zig-zag shapes are derived; f, is more maze-like, constructing a series of
courtyards, usually some of unit size, and some of twice unit size; f, eventually fills
the whole spatial surface. Each of these is topologically distinct, f, is a ball; f; two
joined balls; £, is a line including a line joined to itself, that is, a circle; f, is a kind
of net; and f, is a dense block. It is interesting to compare these results with those
of March on the floor-space index of different configurations.’

All this is straightforward but illustrates a point that may not be so obvious.
A relatively random process of aggregation, given that there is a simple rule, can
produce complex, recognisably different and structurally stable higher-order
aggregations.

Matters may be complicated by introducing a further factor, namely a
permeability constraint P, which says that all defined spaces shall be accessible
to each other and from the outside. This has the effect of making the spatial
surface appear more lifelike. When P is applied to f,, for example, the spatial surface
generated is very similar to such structures as the squatter settlements of Delhi and
the Chalcolithic village at Teleilat Ghassul (Figure 4.2). The typical sub-surfaces
(e.g. two short parallel lines, a U-shape, an isolated block) of these real forms are
generated by the formulas f,(P) operating in an otherwise random process. These
simple examples illustrate the idea of a model in which the mode of generation is said
to be the model’s structure.

Such structures can be termed the first-order unfolding of the syntax. They
offer an initial simplified approximation of some of the properties that we might
wish to characterise as those of spatial surfaces, and show these differences
to be, from a simple-minded and purely mathematical point of view, a set of
transformations. This may be more theoretically interesting than it is lifelike,
because only part of the total code has been utilised, and also because it has only
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been applied at one level. The spatial surfaces generated would go on endlessly
unless stopped by an arbitrary barrier, or some rule for making finite, structurally
stable higher-order structures out of the unfolding of the syntax. The next stage of
the argument therefore concerns the production of structurally stable higher-order
unfoldings, which we will call the ‘elementary forms’ of artificial space, since this
is what we believe them to be.

The rule for the generation of elementary forms out of the syntactic process for
the production of spatial surface is close to the heart of the argument: it is that once
arule has produced a structure, the rule can then be applied to the structure itself.
In other words, the rule operates continuously, and it can make itself more complex
objects to work on. This is the key to the syntactic evolution of spatial form. In fact,
this rule has already been covertly used in moving from barriers to enclosure, that
is, using barriers to make the simplest closed form. When four barriers make an
enclosure, rules can then be applied to the enclosure as a whole. This operation
of ‘same rule, more structure’ will also be useful in the discussion of the semantic
evolution of artificial space. It is the key to the generation of extremely complex,
but structurally stable, forms out of simple operations, and shows in principle how
the code both produces and renders intelligible the highly complex forms of space
that we experience in everyday life.

The next problem is therefore to define what new structure has been created,
and what is the effect of continuing to apply the rules in a process which includes
the new structure as well as the old. Most of the new structures are self-evident; the
set comprises variously connected aggregations of enclosures, some discontinuous,
some continuous in varying degrees. These are shown in Figures 4.1 and 4.2. One
more new structure is less obvious. Whenever there is a defined space which is
non-free, that is, one that is conserved empty, there exists what could be termed
an ‘open space barrier’, which is of indeterminate depth. A secondary, or notional,
barrier has been created at some distance from the barrier which defined the space,
which exists whether or not it is fixed or marked on the map. In the case of an f
structure, this open space barrier extends all the way round the enclosure, and by
implication, a more complex structure has already been created than appeared to
be the case.

If this notional barrier around the f, is completed by being fixed, or even built
as a physical barrier, then one of the two major elementary forms had been created,
namely the pavilion surrounded at a distance by a secondary barrier (Figure 4.3,).
This is termed the ‘inout’ elementary form, since the enclosure governs a set of
open spaces in a relation that is both in-to-out, and one-to-many. That this form has
an inverse is well known to all who have seen the motif of Land Use and Built Form
Studies.'® The set of continuous enclosures around a perimeter, enclosing an open
space in an out-to-in, many-to-one relation can be termed the ‘outin’ elementary
form. Its generation in the syntax is equally simple. It is the unique product of the
rule: maximising the value of f at the first-order level, use whatever structure exists
to make a second-order enclosure (Figure 4.3). By contrast, the rule for the inout
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INOUT

Rule: complete notional barrier of f__ with old structure.
In other words use the 'old’ structure of the barrier to
complete the new structure.

This does not occur as an individual form until modern
times, but as a unit form - see Figure 4.

Rule: complete notional barrier of f=__ with old structure.
In other words do the same as above but allow the f-value
to be greater than zero.

Example: sheepfold, Provencal Bori.

QUTIN

Rule: use new structure to enclose space in the simplest
way with 1__ .

Example; Ashanti matrilineal unit.

Rule: complete notional barrier of £ with new f |
strueture.

"

Example: Katal Batak village,

Rule: complete notional barrier of f_ with new f__
structure and old structure.

Example: Tallensi patriarchal unit.

Rule: complete notional bamier of f__ with new
structure at f__

Example: Pueblo village.

Figure 4.3 Examples of elementary forms.



102

form is: minimising the value of f at the first-order level, use whatever structure
exists to make a second-order enclosure. Thus, the syntax produces these two
primary elementary forms literally as inverses of each other. It is noteworthy that
both forms have a ‘double boundary structure’, that is one in which two bound-
aries must be crossed to move from ‘outside’ to ‘inside’. The generation of double
boundary structures is of pervasive importance in the evolution of the urban spatial
surface.

They are, however, only the two simplest outcomes of the second-order
generative process. Figure 4.3 illustrates a further selection of elementary forms
that may be generated at the second-order level, together with their generative
rules. So far as can be seen at this stage — that is prior to any exhaustive programme
of generation and testing against real-world data — these unfoldings offer a
syntactic taxonomy for P large proportion of village and semi-settled forms that
have become familiar in recent years through the ethnographic and photographic
works of Rudovsky, Fraser and others.!! A full interpretation of these villages as
socio-spatial systems, however, requires also the semantic component of the
argument (discussed later) as well as a study of local and historical contingencies
of the normal technological and environmental kind.

A further distinction is critical to the further evolution of complex spatial
systems. This is the distinction between what can be termed multiple and unit
forms. A multiple form is one that is generated as an aggregate following a rule.
Once it exists, however, it is clear that it can itself be a template for further similar
forms, without the process of generation needing to be repeated every time.
Again, this idea has been implicitly used between the level of the barrier and that
of the enclosure. The unit form is therefore a multiple form used as a template.
An example would be the inout elementary form used as a template for a large
institutional building. A section of more complex unit forms is given in Figure 4.4.
All these forms exist in Banister Fletcher,'? except one which exists only in multiple
form, and which is crucial to the evolution of urban form.

The distinction between unit and multiple forms is of fundamental
importance in the evolution of higher-order structures, since it permits a design-
like activity to be an intrinsic part of the evolutionary process. In fact, it is tempting
to view design — when seen within the scope of an evolutionary morphology — to be
precisely to do with the use of templates, as opposed to the auto-generation of form
following rules. A designed form is of its nature defined as finite, as opposed to
self-ending as is an auto-generative, rule-governed form. The consequences of this
for the design of a town are interesting, since it appears to suggest a third category
between designed order and contingent chaos: namely that of an auto-generative
order of a process subject to generative rules. The form of towns as we know them
is certainly of this kind. A paper is in preparation demonstrating the syntactic
evolution of urban form, showing that it appears, in its familiar forms, as a fourth-
order unfolding, a conclusion which is paralleled in the semantic unfolding. This
offers a natural and internal theory of the equifinal production of urban form by
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Unit inout with notional barrier built.

Example: castle keep.

Unit outin with notional barrier built.

Example: Khorsabad, 8" century BC.
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Example: Khafaja, 3™ millennium BC.

Unit outin.

Example: Ischali, 2*¢ millennium BC.
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Unit inout with second-order unit outin.

Example: no known example as unit form; multiple
form only e.g. Pueblo village - Figure 4.3(6).
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Figure 4.4 Examples of unit forms.

Unit outin with second-order unit outin.

Example: Boghazkdy, 13-15 Century BC.

Source of all examples above: Banister Fletcher
The History of Architecture on the Comparative Mefthod:
London, Athlone 1351, First published 1896,
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societies relatively independent of each other, and also for its structural stability
until modern times. It also offers a formal set of reasons for the rapid transition
from early settled life in villages to the first elaboration of proto-urban forms.
Much work, however, remains to be done, and initial hypotheses are all that can be
offered within this paper.

Semantics of spatial surfaces

The work of Piaget has revitalised the question of the relation between mathematics
and life. By showing that structures of algebra and logic can serve as models of
explanation for cognitive behaviour — he offers them literally as ‘internal’ models
of intelligence — and that these may originate in the concrete operations of the
infant (more precisely, in their coordination), Piaget has linked the foundations of
mathematics to the foundations of behaviour and thought. Structuralist linguistics
and anthropology suggest that this approach can also be applied nearer to the
surface of perceived reality, and that mathematical structuralism may provide as
fertile a form of explanation in the non-natural sciences as it does in the natural
sciences. An underlying theme of this paper is that the many domain structures of
categorical algebra may provide models for ‘meaning’ and intelligibility in artificial
systems.

The discovery that mathematical apparatus used in advanced areas of natu-
ral science can also serve as internal models for the cognitive behaviour of children
and the social arrangements of ‘primitive’ people (group theory for example
is used both in theoretical physics and in the study of kinship systems) is not a
surprising convergence if proper account is taken of the duality of any cognitive
process, between the figurative properties of the universe as it presents itself to
our perceptions, and the ordering operations which the perceiving subjects applies
to that universe to give it intelligibility. Classification, for example, one of the
simpler cognitive processes, exhibits this duality by requiring two mental gestures
to complete an act of classification: first, an intensional act by which the defining
property, or intension, of a class is named; then an act of enumeration in terms of
that property by which the extension of the class is established. The intensional act
refers to the operational ordering of phenomena in terms of some structured view
of reality in the subject, the extensional act to the figurative properties of entities
enumerated in terms of that ordering.

This duality shows that any cognitive process must be seen as a dialogue
between the ordering operation of an active subject, and the morphological
properties of the universe. ‘Primitive’ people, in bringing order and intelligibility
into their universes, naturally make use of the logico-algebraic ordering apparatus
of ‘intelligence’. That they do so, and do so at the level of observables, and also
that they construct their artificial signifying systems using the same apparatus,
has been the theme of Lévi-Strauss. The discovery of logico-algebraic structures as
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ordering principles in primitive cultural systems is not surprising. They arise from
the operational side of cognitive activity. However, such a simple ordering process,
limited to observables, inevitably generates anomalies, which the elaborate
strategies of myth attempt to explain away.

By contrast, science is intolerant of anomaly and looks beyond the inconsistent
surface of things for internal ordering processes. But science also adopts a dual
strategy, reflecting the dual nature of the cognitive act. It makes explicit its idea
that there is ‘significant connectedness’ in the morphologies that are its object. In
other words, science lays bare its theories in order to test and, if necessary, change
them. Further, science makes explicit its own operations by constructing formal
symbolic systems which embody the operational aspects of cognition. These are
laid out besides the exposed theory so that tests of the mapping between the two
can be made and may be explored in an externalistic way. In doing so science
progressively discovers and elaborates the internal transformability of mathematical
structures, and increasingly these provide models for the transformability of natu-
ral morphologies (and, like language, provide in themselves objects of interest for
scientists to study).

This leads to the identification of two levels for the application of logico-
mathematical structures. First, the everyday level of their unconscious and
unreflective application in order to produce, out of the observable universe,
intelligibility and significance. This results in the continuous construction of artificial
systems of significance which we call ‘cultures’ which embody the transformability
of logico-algebraic structures, discovered through cognitive action. Second, the
scientific level of the conscious exploration of the transformability of logico-algebraic
structures in relation to hypothesised internal ordering properties of morphologies.
When we apply the second to an understanding of the first, as when anthropologists
study primitive peoples, or psychologists experiment with children, we discover
an unexpected isomorphism between mathematics, including its transformability,
and real life. It is clear on closer inspection that this should not surprise us.

These considerations may help to understand what often appears as a basic
paradox in the relation of logic and life: logico-algebraic structures appear to be of the
nature of all artificial systems, yet to explain none fully. Logic, it appears, is too pure
to represent the internal ordering of artificial systems like cultures. The requirement
appears to be that imperfection should be taken account of in an ordered way.

But this apparent paradox only results from the covert assumption that the
logico-algebraic structures of cognitive operations are actual properties of the
universe to which the operations are applied. For example, to say with respect
to any binary distinction that an object either has or has not the property, Y, is a
statement about cognitive operations upon the world, not about the world itself.
With respect to logical ‘truth’ the misunderstanding is more far-reaching. Logical
truth is a production of the symbolic system of logic, and says nothing about the
world to which it refers. To produce ‘scientific truth’ from ‘logical truth’ requires a
perfect mapping between the domain of logical symbols and the real world, but
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this mapping would itself have to be represented in a perfectly mappable set of
symbols, and this leads to an infinite regress.

With regard to the man-made semantic universes we call cultures, a parallel
point can be made. Just as the logical operation of the constructive subject does not
imply a parallel ordering of the real universe, so the logical method of constructing
systems of signification does not mean that the resultant semantic field will
itself exhibit such a simple ordering. It is much more likely to exhibit the result
of a logico-algebraic procedure operating in a universe which consistently fails
to respond to the simplicity of its operations. The initial question should be: how
can logico-algebraic operational structures cope with the continual discovery of
the imperfect results of its own perfect operations, and a universe that continually
poses problems for our logical activity?

The history of ‘thought about thought’ is full of the awareness of such
imperfection. The Chinese Yin-Yang symbol - a disc divided in an S-shape, but with
each half of the division carrying a remnant of the other — expressed its dominance
in Chinese thought. Leach has commented on the importance of anomalies in
classificatory schemes in, for example, providing animal categories for swearing
and other purposes.’ In physics itself, the imperfection of a process came to be
seen as its most important physical property. There are many other examples.

Boolean algebra (taken here as the simplest paradigm for logical operations),
however, is founded on the exclusion of imperfection. This exclusion is expressed
through the Boolean concept of ‘negation’, and the related concept of ‘universe’.
In any universe, U, with objects, x, then the property p or not -p accounts for all
objects in the universe:

[x: plulx: =p)]=u

and this is true for an extension of the universe. The structure of assumptions says
that a universe exists (not necessarily a ‘universal’ universe, but perhaps a defined
universe of discourse) and that the operation of negation in terms of any property
divides that universe into two parts with no remainder.

In terms of the cognitive duality, it is clear what is happening. Boolean algebra
provides a procedure for handling the extensional side of cognitive activity, taking
for granted both the universe and the intensional structures representing this
universe in the subject. If anything, it is a process for reordering the relationship
between the two according to a simplified but more rigorous rule system. It
provides a model for the establishment of pure and logical relationships but
says nothing about either the universe to which it refers and takes for granted,
or about the intensional structure of the subject which it also takes for granted
as a source of defining properties for the extensional activity that it orders. The
Boolean is an external model builder unlikely to recognise that his simplified, but
purified, operations say nothing about the universe itself, nor about the intensional
structure through which we order it.
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However, in approaching the semantic fields of artificial systems, it is
exactly the intensional aspects that are the object of interest. It is not clear
what contribution the Boolean model could make to such a study; first because
it is extensional and reformist rather than intensional and analytic; and secondly
because it assumes the existence of a universe, when the semantic analysts must
seek to understand how such a universe can come to be constructed through the
logico-algebraic activities of individuals and societies. If he assumes the universe and
models it, a Boolean externalist implicitly assumes that the logico-algebraic ordering
structures which generate the universe are as simply represented in the universe
itself. Such an approach invariably breaks down under an apparently unmanageable
complexity.

It appears then that logic, as we have it, does not present useful models for
the recapture of the internal logical order of the semantic fields through which the
artificial universe is experienced. What appears to be required is a procedure which
does not assume, but investigates, the relationship between a logico-algebraic
ordering procedure, and a universe which resists its simplicity. The scientific model
of the dialogue between the formal symbolic and morphological domains appears
to be exactly what is required. The semantic fields resulting from such an enquiry
would not simply be ordered in logico-algebraic terms but would be the resultant
of a dialogue between logico-algebraic structure and a universe with infinite
morphological variety. Since modern science characteristically represents a shift
from an interest in extensional structure to an interest in intensional structure,
such a procedure would be in keeping with the spirit of science.

The question may therefore be put directly: what would be the effect of
running a logico-algebraic structure, as similar to a Boolean algebra as possible, in
a universe which resisted its simple discriminations at every turn? The answer is, so
far as can be seen, that a paradigm for the evolution of semantic universes and their
structurally stable states is discovered. The following paragraphs attempt briefly to
characterise such a structure, which appears to yield an account of the semantic
evolution of spatial forms. Within the scope of this paper, formal considerations are
dealt with briefly, since the mathematical and axiomatic aspects of the approach
are dealt with in another paper in preparation, concerned solely with this subject.

The formal system proposed is called ‘semantic algebra’. It has many of the
structural properties of a Boolean algebra, although its outcomes are quite differ-
ent and adjustments are made all the way through, following the requirements
of changes in the axioms. For the purposes of the following explanation, the
general structure of Boolean algebra is assumed as a starting point, although this
assumption is not made in the axiomatic version of the system.

The perfection of Boolean algebra is embodied in the Boolean concept
of negation and its linked concept of universe, which are expressed in the
fundamental equations: A N A" =& from which it follows that AUA’ =U. Semantic
algebra introduces a new axiom of imperfection A N A’ # & from which it follows that
AUA’#U. In a semantic algebra no construction of A, A’, " and U can constitute a
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finite universe, from which, it might be suggested that the ‘universal universe’, U,
cannot exist: U_=. This gives the axiom of non-existence, which states no universe
exists, nor anything in it exists, until it is made.

The axioms of imperfection and non-existence mean that any dichotomy
implies that an object can be made which embodies both the positive and negative
properties (the axiom of imperfection); and that a semantic universe is one that
is constructed, not one that is found and subsequently ordered. In other words,
nothing in a semantic universe exists until it is made, not even the universe itself (the
axiom of non-existence).

More precisely, the concept of negation and universe have both been
‘localised’, to conform to the requirements of constructive and unfolding systems,
as opposed to systems that already exist. In semantic algebra the term ‘universe’ is
used to mean the set of objects constructed by the operations of semantic algebra,
which means that a series of universes is created as the algebra ‘unfolds’.

The localisation of the concept of negation is the foundation stone of semantic
algebra. As Wittgenstein notes, in real life negation appears to imply what is negated,
but ‘not the assertion of it"™* (our emphasis). In fact, three types of binary dichotomies
recur throughout language. The first is what can be termed the ‘positive inverse’. The
‘positive inverse’ of the verb ‘give’, for example, will be an equally definitive gesture
in the ‘opposite’ direction, as realised in the verb ‘take’. Secondly, there is a ‘universal’
or ‘logical’ negation of the verb ‘give’ which is simply expressed as ‘not give’, or in
other words everything in the universe which is not ‘give’. Boolean algebra depends
on ‘universal negation’. The third possibility is that the verb ‘give’ also has a negation
which is inextricably linked with the term negated, but says nothing at all about the
remainder of the universe. For the verb ‘give’ this local negation’ is the verb ‘keep’.
‘Keep’ implies the notion of ‘give’ but does not assert it. ‘Keep’ raises the possibility of
‘give’ only to deny it. The relation of ‘keep’ to ‘give’ is an example of the paradigm of
local negation, which is the basic concept of negation used in semantic algebra. In the
same way, the concept ‘zero’ is the local negation of ‘number’.

The concept of ‘local negation’ raises a further possibility which the other
forms of negation do not appear to possess. A concept may be combined with its
local negation to construct a more complex concept. In relation to ‘give’ and ‘keep’,
for example, the construction ‘give keep’ has one of its realisations in the verb ‘lend’.
This operation of construction resembles the Boolean operation of intersection,
although with quite a different result. This homology can be clarified by means
of a Venn diagram, as in Figure 4.5, which illustrates both the operations, ‘local
negation’ and ‘intersection’, and the concept of a local universe. The construct
‘givekeep’ is said to be the universe of its members, ‘give’ and ‘keep’ and itself.

A semantic algebra is a procedure for unfolding a simple concept like ‘give’
into a complex semantic field. It consists of one object, namely a concept of logos,
two operations, namely local negation and intersection (the combining of an object
with a local negation), and a rule that states that all operations that are possible
must be carried out. The result of this structure is an unfolding series of universes
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of more and more complex objects and structures, which are offered as an internal
model for the evolution of complex social concepts out of simple individualised
gestures and states.

Given the construction of the first universe shown in Figure 4.5,, the
operations are then applied again. Since it can be shown that double negation is
not equal to affirmation in a semantic algebra, and that neither the initial object nor
its local negation are part of the local negation of the first universe, the unfolding
proceeds by creating a new object outside the existing structure (the local negation
of the first universe), followed by the intersection of this structure with all previous
structure with which it can intersect without tautology, that is without being
reduced to an earlier structure by resorption (for example the intersection of A with
ANA’"is AnA’ but the intersection of A with [A NA’] is the structure AN [ANA"].
Figure 4.5, shows the construction of the second universe, and Figure 4.5, a third
universe, though here numbering is used to show that the unfolding can be mapped
one-to-one into the natural numbers and is therefore denumerable.

This unfolding structure possesses many properties that may not be obvious
at first sight. First, any universal structure (identified by the heavy capitals,
for example, A;,A,,A,) contains as part of itself all previous structures in the
unfolding. This corresponds to semantic reality, in those terms (‘village’, ‘town’
and so on) represent exactly such complex, many-faceted concepts, hence the
difficulties encountered in defining them indicatively. Also, through this property
a link may be forged between semantic algebra and information theory. Second,
notions like ‘forgetting’ and ‘remembering’ are representable, in that a local
negation of a universe ‘forgets’ the internal structure of that universe, by treating
it as a ‘gestalt’, but then ‘remembers’ previous structure by intersecting with it to
make new structures. In the same sense, the act of ‘design’ forgets the internal
structure of a multiple form, by treating it as a unit form, this internal structure
then being remembered by active elaboration and usage. Third, the unfolding
is modelled on the same principle as the spatial syntax outlined in the ‘previous
section: namely that the same operation may be applied to structures generated by
operating on simple objects. to produce more complex structures. This provides a pos-
sible key to the retention of isomorphism between dissimilar domains as artificial
universes evolve. Fourth, it allows the logico-algebraic construction of semantic
fields which to the experiencer exhibit rich properties of ambiguity and denseness.
Fifth, the graph representation (Figure 4.6) shows that a semantic algebra
resembles the ‘inverted pyramid hanging by its vertex,” suggested by Piaget as the
proper intuitive model for human knowledge. Sixth, a semantic algebra provides
a paradigm for context sensitivity in a meaning system in that any structure is
intelligible as itself, and as a member of its local universe, paralleling the intuitive
understanding of, say, being in a village and being in a particular space in a village.

The seventh property is more remarkable. The sequence of operations on the
non-universal structures has the effect of reproducing exactly the same unfolding
in the higher-order universes. In other words, a simple, algebraic relation between
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hierarchic levels appears to be generated. This is an interesting result, because
understanding relations between levels in hierarchies is a leading problem in many
scientific areas.'

Finally, semantic algebra shows how the concepts of structural stability and
morphogenesis may exist and be ordered in a semantic field. This suggests a possible
relationship to the work of René Thom on morphological archetypes in language,'®
since semantic algebra suggests a logico-algebraic regularity in the production of
complex social concepts out of individualised primitives and offers a paradigm
for relating Thom’s exploration of the semantic basis of language to the complex
semantic system in daily use. Of course, language itself remains largely at the level
of the first, or at most the second, universe. More complex unfoldings are not those
represented in words but in cultural systems. As far as architecture is concerned,
the thesis is that artificial space represents one of the systems within which these
more complex socialised concepts are represented, in particular the unfolding of
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the verb ‘to be’. This gives it a certain primacy as a social language and suggests
that architecture may be much more important to society than the social scientists,
with their mechanistic metaphors, have allowed it to be. Artificial space is, literally,
a language in which society says things which are too complex to be said in words.

A worked example of the unfolding of a complex social semantic field from
a simple individual gesture is given in Table 4.1. This example is used because
the second universe of ‘give’ is ‘general ritualised exchange’ which appears as a
structurally stable regulator in most pre-trade societies. The reader’s attention
is drawn to Marcel Mauss’s book The gift where such systems are examined in
detail, in which the exchange of objects and services is used as a primary set of
social signifiers, to regulate relations within and between societies. A theory of the
ubiquity as well as the structural stability of such forms is offered by the semantic
algebraic interpretation.

One further point of some importance is illustrated by this unfolding. In its
simple forms the verb ‘give’ requires a simple, probably individual subject, the ‘giver’.
But as the concept unfolds into its higher-order structures, a higher-order subject is
required, an ‘inter- subjective subject’. This suggests that the tendency to personalise

Table 4.1 Unfolding of the verb ‘give’ to second universe

G, logos ‘give’
G togive
G' tokeep

GNG'  tokeep by giving, that is, to keep the symbolic
value of giving (lend is a modern version) to the
generalised other

[GNG'T  the generalised other’s keeping of the symbolic
value of giving, that is, effectively, to be required to
give to the higher-order subject’s keeping (taxation
is a modern version); obligation

GN[GNGT theactof giving to the higher-order subject;
ceremonial giving, as it were, to the set of social
reciprocities (debased modern version: the charity
dinner) (old version: ceremonial gift exchange)

G'Nn[GNG] to give to the dead, who embody the generalised
other, the higher-order social subject, but who keep
without reciprocation; sacrifice (modern version:
flowers on graves)

G, [GNI[GNGT]n  generalised ritualistic exchange as a means of
[GN[GNGT]] regulating social relations (modern version: buying

drinks, sending cards and so on)

SPACE SYNTAX

society, and to ascribe to it thought processes, while being undesirable and naive,
may not be entirely devoid of structural reference. In the language of artificial space
such ‘inter-subjective subjects’ are identifiable, as the unfolding of the verb ‘to be’,
in relation to its various syntaxes, creates structurally stable states at its universal
stages of unfolding. Such stable states are recorded in language in ‘gestalt’ terms like
‘dwelling’, ‘village’, ‘town’, ‘city’ and so on. The general form of a semantic algebra
is best illustrated by considering the unfolding of the verb ‘to be’, given in Table 4.2,
in relation to the different meanings assigned to the word, or phrases incorporating
it, in everyday language. The initial meaning is to be physically present in a place,
to ‘be here’, to be present in real space. The local negation uses the idea of physical
presence in real space, but negates it. Both initial terms therefore relate to those
aspects of our existence by which we are connected to an immediate environment.

The next term and its local negation refers to those aspects of our existence by
which we are independent of immediate environment, that is, the world of internal
representations and symbols. This might be thought of as the world of ‘logical
space’ as opposed to real space. Everyday language uses the verb ‘to be’ in relation
to logical space through such sentences as ‘I am in the Communist Party’, by which
we say we are ‘present’ in an abstraction.

The following term and its local negation are constructed from the intersection
of the two foregoing, in that the world of representations and symbols is also
constructed into real space. It is possible to enter physically certain spaces which
constitute real space realisations of logical space. Architecture participates in the
realisation of such spaces. Its central theme is the mapping from logical into real
space. The universe, A,, is the structure comprising all three terms and their local
negations.

Semantic algebra provides a model for the unfolding of all four domains
of the code, namely logical differentiation, rules for elaboration, enclosure and
permeability. All four are given up to the second universe in Tables 4.3, 4.4 and 4.5.
Socio-spatial theory, it could be conjectured, arises from the dialectical relationship
of the unfoldings of A and E.

Elementary relations in the AFPE code

The code properties of a spatial surface — differentiation, barriers, permeability
and rules for elaboration — can be called ‘logical properties’, intelligible through
understanding rather than through simple perception. The properties of any
particular spatial surface result from an unfolding of E and P, through F which is
given by A. F ‘carries’ the structure of A from the level of the simplest structure to
the level of the spatial surface. Alternatively, it can be said that A is logical space,
E is real space, and A is mapped into E through F and P. This may be represented
by A—25E (hence the acronym AFPE code). Either way F, and its function, f, are
basic to the decoding of a spatial surface, that is finding its generative formula.
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Table 4.2 Unfolding of the verb ‘be’ to second universe: logical interpretation

and spatial interpretation: ‘A’

A0
A
AV
A, ANA’
[ANAT
AN[ANAT
A'N[ANAT

A

logos ‘be’
be present
be absent

be in domain of
representations, symbols
and so on, to be ‘in your
head’

for there to be a space of
representations in which
you are not, that is, in
society’s domain of
representations

to be physically in a space
of society’s representations
and symbols

not to be physically, but to
be in society’s domain of
representations only, that
is, to be a name only, to be
dead

a simple society

spatial interpretation
places for people to be
places for things to be

places where people can be
in their heads, for example,
asleep, a garden etc.

a sacred space where you
are not in normal time, but
where sacred things are

a ceremonial and profane
activity space in which you
both are physically and in
society’s domain of symbols
a burial ground in which
you are not, in which you
become a thing with a
name

avillage

Table 4.3 Unfolding of ‘enclose’ ‘E’

0

E logos ‘F’

E anenclosed space

E' anon-enclosed or defined space; an external space defined
by the act of enclosure

a garden or yard)

ENE' atransition space, both enclosed and defined (for example,

[ENET asocial space set apart, and symbolically closed in normal
time (for example, a sacred space)

EN[ENE]" aspace set apart yet accessible and symbolically open in
normal time (for example, a public open space)

E'Nn[ENE] anon-space set apart as a marker of defined space only (for
example, a monument)

Table 4.4 Unfolding of ‘permeable’ ‘P’

P, logos ‘P’ — ‘permeable’
P permeable, having a hole to pass through (for example, an
ordinary door)
P’ not permeable (for example, a continuous wall)
P, PNP' permeable, but not to go through (for example, a window)

[PNPT] asymbolic barrier (for example, a church door)

PN[PNP] anopen gate, symbolic entrance permeable in normal time
(for example, entrance to public open spaces)

PN [PNP] the sealed entrance (for example, entrance to a tomb)

Table 4.5 Unfolding of rules for enclosure ‘F’

F, logos ‘F’
F free to enclose again
F'  not free to enclose again
F, FNF free to elaborate symbolically (grow flowers, place gnomes

and so on)

[FNF] not free to elaborate symbolically (since society’s symbols
are already present, for example, statues)

FN[FNF] freeto enclose again, but only with a transient structure for
profane public purposes which must be dismantled after
use (for example, a place to put up stalls, fairgrounds and
so on (a village green))

F'N[FNF] totally preserve as it is (for example, the space around
central public buildings, monuments and so on)

At a schematic level, the variability of spatial surfaces is given by relatively few
relationships among the four domains, in interaction with certain social variables.

Call arandom process a ‘mindless’ syntactic generation of a spatial surface out
of E, unconstrained by any E, and by implication ignoring A (P being unimportant
at this stage of the argument). If such a random process is allowed to generate
an artificial spatial surface on a previously undifferentiated surface, the value of
the function f of F will be seen to be maximal as the space approaches maximal
denseness. In other words, a random process without a value ascribed to f is seen
in time to be equivalent to f,, or f, . . It follows that insofar as the value of f remains
less than maximal for a dense and stable spatial surface, then some structurally stable
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mechanism has intervened. The maintenance of a structure of non-built or open
space is therefore an indicator of exogenous ordering of some kind.

This leads to a distinction between two forms of density: semantic density
and syntactic density. Semantic density exists when a spatial surface has been fully
elaborated according to its generative formula. This will imply a greater or lesser
degree of syntactic density, that is the degree to which the space is physically dense
in that no further structure may be physically placed on the surface. By definition,
an f-minimal surface will approach semantic density long before syntactic density,
whereas an f-maximal surface will arrive at semantic density at a point much closer
to syntactic density. An important result of this is that an f-maximal surface can
therefore embody much more semantic content than an f~minimal surface, which
arrives at density at a much earlier stage of elaboration. This is subject to the real-
life constraint that if fis f,, and the surface is dense, then no spatial surface exists in
an experiential sense, only a series of discrete interiors. Thus, there is always some
exogenous ordering of spatial surfaces.

Two fundamentally dissimilar lines of development for spatial surfaces
arise from this distinction: those in which the value of f is minimal, in which
case there is relatively strong exogenous ordering; and those in which the value
of fis maximal, in which case the exogenous ordering is relatively weak, and the
ordering of the spatial surface is more internal and syntactic. A natural relation
with social variables follows. Insofar as a society uses space as a set of signifiers
of social order, it will do so in terms of some exogenous ordering of the spatial
surface in which values of f will be lowered or minimised; insofar as space is freed
from the constraint of acting as a signifier for social order, its aggregates will
tend to be syntactic and f~maximal. Thus, the use of space for representing social
order tends to minimise f, whereas a more instrumental or free elaboration of
space tends to maximise f. The invariance of this relation in the code is shown by
the tendency, even in the densest urban spatial surfaces, for the main buildings
embodying the social order to be surrounded by an open space barrier. The general
differences in the spatial surfaces between the City of London, where only two
buildings have open space barriers, and the City of Westminster, where many
buildings have open space barriers, is given by this simple formula. The City of
London reaches semantic density at a point much closer to syntactic density than
the City of Westminster.

The difference between f-minimal and f-maximal spatial surfaces is the
simplest and most general example of differential aggregation modes. It is best
illustrated, as are the relations to underlying social variables, by the contrast
between the spatial surfaces of pre-settled and settled societies, extensive
documentation for which now exists in the archaeological and anthropological
record.

Pre-settled societies, as studied by anthropologists, normally utilise space
as one of the signifying systems for that form of social solidarity characterised as
‘mechanical’ by Durkheim, that is, a social solidarity dependent on symbol and
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ritual rather than on functional interdependence through extensive division of
labour." In general, such societies impose a strong exogenous and symbolic order
on space, leading to f~minimal spatial surfaces at first and second-order levels.

This ordering begins to change with the advent of settlement. Settlement (as is
too rarely observed by those who discuss the relation of social and spatial process) is a
spatial act, meaning the fixing of work to place and the transition from a discoverable
and untransformed local environment to one artificial and transformed. Settlement
means that social space ceases to be primarily symbolic and becomes increasingly
instrumental. The formative influences on settled space derive not from the symbolic
systems of social order but from instrumental systems of survival and work. Lacking
strong exogenous ordering of space, the spatial forms and the aggregate surfaces of
the maximal values of f are progressively discovered and elaborated.

Since settled societies bring with them an inheritance of social complexity,
the semantic content of the spatial surface does not change, but finds an alternative
syntactic expression. At Catal Hiiyiik,'® the earliest known urban spatial surface,
which is syntactically f-maximal, A is unfolded entirely in interiors and no use is
made of the higher-order spaces generated by f-maximal unfoldings. The whole
of the second universe of A, including its A2 form, the shrine, is unfolded at Catal
Hiiyiik through differentiation of interior spaces, urban form proper develops from
the discovery and elaboration of the higher-order spaces of f-maximal syntaxes,
which then become the bases for higher-order developments. The building block
of the urban spatial surface is the f-maximal elementary form (the multiple outin
form), which is also the basic form of an agricultural settlement, and the normal
form for farms throughout the world. This, however, gives only one side of the
formula for the urban spatial surface. Following Weber’s definition of the city as
a fortress/market,' a parallel duality exists in the spatial form. Insofar as the city
is a fortress, concerned with external and internal social order, then the spatial
outcomes are f-minimal at all levels. Insofar as the city is a market, concerned
with productive work and exchange, then the spatial surface is f-maximal.
This socio-spatial duality is universal in classical urban forms, invariant under
technology, style and decoration.

Various other simple relations of this kind appear to hold. For example,
matrilineal societies tend to the f-maximal first- and second-order (multiple
outin) forms, whereas patrilineal societies use f-minimal first- and second-order
(multiple inout) forms. Why this should be so may be clarified by consideration of
the duality in the simplest spatial gesture of making a barrier, that is the duality
of E and E’. An enclosure can either be a gesture of inclusion, E, or a gesture of
exclusion, E’. The inclusive gesture faces ‘inward’ and does not preserve an
open space beyond the barrier. The exclusive gesture, on the other hand, faces
‘outwards’ and defines an open space barrier beyond the indicated barrier. In a
primitive military encampment, for example, this gesture is made twice: a gesture
of exclusion, preserving an open space barrier, is made around the central building
where spoil is kept; and then the exclusion gesture is repeated at the second-order

THE ARCHITECTURE OF ARCHITECTURE

117



118

level of encampment boundary, where an open space barrier is again preserved. It
is noteworthy that the exclusion gestures refer initially to things, and the inclusive
gesture to people, and this relation holds throughout the unfolding. A monument,
for example, is not a simple spatial object but a highly complex one, defining only
an open space barrier, and having no interior. The association of the exclusion
gesture with the male role in society and the inclusion gesture with the female
provides a rich field of study from the point of view of the battle of the sexes, seen
as the earliest form of struggle between classes.?’ Town form is in effect a highly
evolved synthesis of these contradictory lines of social and spatial development.

Urban form proper can virtually be defined in terms of an absence of open
space barriers which have been, as it were, removed and placed on the outside
of the town. It arises only after the exclusion gesture A,, the building of a town
wall, creates the conditions in which previous internal exclusion structure can be
forgotten. At this point, the central citadel turns into a set of free-standing public
buildings in a continuous landscape, and the internal court spaces of multiple outin
aggregates open outwards and become side streets. The coming alive of the streets
and the continuity of the elaboration of space through universes up to the fifth are
the distinguishing marks of the urban spatial surface proper, as contrasted to the
spatial surfaces of proto-urban forms, as occurred for example in pre-Columbian
America and in early Egypt.2!

The difference between an exogenously ordered f-minimal spatial surface
and one internally ordered and f-maximal leads to another major dimension of the
social meaning of artificial space; again so far as can be seen, an invariant in all
cultures: namely the difference between sacred and profane space. A sacred space
is highly structured in an intentional sense; it is fixed and finite, its ‘meaning’ is
in its structure and it is exogenously defined. A profane space, on the other hand,
has extensional variety rather than intensional structure; it is non-fixed and
proliferates new aspects and forms of itself; its ‘meaning’ is in its variety rather
than its structure and its structure is richly syntactic, rather than exogenously
ordered. It uses syntactic possibilities to proliferate semantic content rather than
using semantics to order syntax. Structure and variety are of course indissolubly
connected in any meaning system, but one may be maximised at the expense of the
other. Both are sought after, for example by tourists; in fact, the two poles perfectly
characterise the type of spatial structures frequented by tourists: the places of
maximal intensional structure, and the places of maximal extensional variety.

It is not possible within the scope of this paper to offer a complete account
for the evolution and code form of the urban spatial surface, but a few notes on
some of its more interesting logical properties are pertinent. First it is a combined
unfolding maximising f for the most part, minimising it for certain areas. The f-
maximal areas are subject to: (a) a high degree of permeability; linked to (b) the
maximal elaboration of marginal space (that is space left over by enclosures at first-
and second-order levels); and (c) subject to the structure given in Figure 4.7, which
represents a simple linking of two semantic algebras, producing both ‘normal’
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Figure 4.7 A semantic field, giving simple linking of two semantic algebras.

forms (verticals and horizontals) and ‘special’ forms (crossovers), the ‘crossovers’
being the forms of space that most characterise ‘urbaneness’ in the sense that the
tourist will seek them out.

Of particular interest in this model are the ‘marginal’ spaces, that is, the
‘by-product’ external spaces resulting from building specific space for relatively
tied uses. Marginal space is generated continuously by f-maximal aggregation
modes, and if no inhibiting rule exists, such space ‘tends to use’, and secondary
elaborations of the space appear. The elaboration of marginal space is one of the
keys to the richness of the urban spatial surface in the profane areas of the town,
and reconciles multiple use patterns with the natural predominance of space that
is specified for a particular use. Also interesting are the ‘ambiguous’ spaces, since
their nature is to be subject to the rule ‘both build and not build’ - that is build,
but only non-permanent structures, for example, mobile markets and fairs. This
ambiguous rule is a good demonstration of the importance of ambiguity in the
elaboration of spatial surfaces, and how ambiguity can nevertheless be generated —
and recaptured - in a structured way.

The logical nature of the modern transformation of urban space can also be
clarified a little. The shift in general is from (a) the outin aggregation forms to the
inout forms; leading to (b) the proliferation of pavilion forms in an open landscape
surrounded by open space barriers; (c) the consequent freezing of most marginal
space and secondary elaboration; (d) the establishment of clear, unambiguous
demarcations and boundaries, where previously a structured ambiguity prevailed;
and (e) loss of continuity in the surface. In general, these changes could theoretically
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result from the simple instruction in the code: prime all terms, that is make all
gestures of exclusion. The new open spaces of the city are not made free by this
transformation, but on the contrary subject to a strong exogenous order.

Such an explanation of the changing logic of the urban spatial surface would
appear to be explicable through the given relations to social variables. It could
be argued that the urban spatial surface was the spatial equivalent of ‘organic
solidarity’, that is, a society dependent for its internal structure not so much on
symbols as on functional interdependence induced by the extensive division of
labour. Organic solidarity requires the functional integration of space, and therefore
all f values are maximal wherever possible in the urban spatial surface, subject to
the existence of a ruling authority whose structures are f-minimal. It appears that
in the current transformation, space tends to be f-minimal rather than f-maximal,
and it can therefore be hypothesised that a structurally stable exogenous order is
being imposed, which represents a concern for social order rather than for work. A
general impoverishment and fixity would result from this, and a greater emphasis
on aesthetics combined with a dislike of non-formal elaboration of space. All these
properties appear to be present in current spatial orthodoxies, especially those
whose prime concern is with aesthetics.

An explanation for this could be that the type of division of labour that exists
today is dissimilar in type to that of the urban organic solidarity. In the phase of
industrialism, people do not create patterns of functional interdependence
by making relations with each other, but instead each individual makes an
arrangement with a focal point. A series of pyramids rather than a network is the
result. The emphasis is on the individual, with a unique relation to his focal point,
but lacking lateral relations with his fellow men of a direct and functional kind. In
such a situation, a society might be expected to return more and more to conditions
of mechanical solidarity, and use symbolic means more and more to stabilise the
social order and yet confirm the separation of members from each other. This would
link the primary role of media in our type of society with the transformation of
space into what it was prior to large-scale settlement, namely a signifying system
presenting the social order in a society dependent on such mechanical solidarity
devices for its cohesion. In such a situation it is difficult to see how architecture
could function other than as a device for covert social control. Indeed, this has been
the primary theme in the social discussion of spatial form for the past one hundred
or more years.

The theme of the double boundary is also important to the modern
transformation. The f-maximal outin aggregation mode generates double
boundary structures from the inclusion gesture, giving buildings surrounding a
space in a many-to-one relation, whereas the f-minimal pavilion forms currently in
use, with their open space barriers, generate double boundary structures from the
exclusion gesture. In the latter case, open space becomes a no-man’s-land between
the inhabitants and the outside world, rather than a communal interior space,
permeable to the outside yet unique to the inhabitants. In semantic algebraic terms,
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the open areas surrounding a block of flats are [E NE’]” (exclusion), whereas the
street was E N E’ (inclusion form).

These changes in terms of open space barriers, double boundary structures
(and multiple boundary structures of the urban spatial surface), marginal space
and its elaboration, permeability, strength of boundaries and classifications, show
how profound the change is in the logic of space in our time, and how fundamental
its discontinuity from spatial history since the beginning of human settlement.
These changes are related to social changes, and the sources must be sought in
the debate on the relation of space forms and the maintenance of order. In this
situation, the synthesis of space as a means of achieving social order with the
architectural imagination, as manifested in the work of Le Corbusier and others,
might be thought inimical to the evolution of spatial surfaces that reproduce the
richness and social viability of earlier structurally stable forms.

However, it is possible that this present situation, in which the new logic of
space arises from the generalisation of the exclusion gesture, and the negative
aspects of spatial evolution, will be superseded by changes which are now
beginning. Most probable is that the urban spatial surface, which was abandoned
with the town itself, will return (or will be ‘remembered’), but without finite urban
forms which led us to think that building outside their limits had to follow extra-
urban aggregation modes. The result will be not the universal garden city, but the
discovery of new and richer forms of the urban spatial surface. The evolution of
such forms of artificial space will depend on understanding the internal generative
structures of a non-imposed spatial order, in which the complex of rules for its
manufacture will be distributed in the society rather than located in a single focus,
and in which the role of designer will be the generation of structurally stable
unfoldings rather than the imposition of exogenous order.
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Postscript

Adrian Leaman

It was supposed to be simple.

Build a wall, what happens? A wall modifies climate; displaces resources;
is a symbol of some sort; and modifies behaviour. A wall does all of these things
whether you intend it or not, like it or not.

Then you need a knowing subject. As I sit here, I'm well aware of the inside
and outside, and the window between. The rest of the world is also out there, but
not so obvious or relevant to me at this moment. The reason that I'm inside now is
that the arrangement of walls and windows working as a stable relationship offers
more potential to achieve a greater number of useful activities, like writing this.

Even in one paragraph it is possible to grasp what needs to be covered in any
description of how buildings and settlements come to be as they are. The notation
will include walls, patterns, rules about their arrangement, enclosure, openness,
inside, outside, the natural world, the environment, the artificial, the knowing
subject, symbolism, boundaries, categories, transitions, movement and, of course,
space and time.

Working from our office in the RIBA in the early 1970s, Bill Hillier and [ were
often distracted from what we were supposed to be doing by what we really wanted
to do: namely, come up with a theory which would help explain the richness,
variety and meaning in human settlement patterns. We looked to spatial analy-
sis, linguistics, logic and anthropology amongst others: anywhere but the received
wisdom of the existing environmental disciplines. Our territory was the ‘Sciences
of the Artificial’, as Herbert Simon named them: concepts like chaos, adaptive
systems, complexity, uncertainty, epigenesis and morphogenesis. We had no
access to computers. This was still the era of punched cards and single multiple
regressions that took a week to compute and check by hand.

The basic metaphors for our efforts became syntax and semantics, then
genotypes and phenotypes. Not ideal because they are derivative, but good enough
to help us explore likely codes and their social manifestations. Unfortunately, the
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handle ‘space syntax’ hijacked our efforts generically, and the semantics side was
increasingly sidelined.

As John Peponis has said so admirably above, the semantic algebra proposals
were never followed up and concepts like ‘local negation’ left hanging for others.
Hamlet was not quite right. It’s not ‘To be or not to be’. You need to substitute ‘and’
for ‘or’ and add some brackets to put it like this ‘((To be) and (Not to be))’. A space
semantics built this way will say that you can have a real construct like ‘Not((To be)
and (Not to be))’. You will find it in plain sight everywhere.

September 2022
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5 Architecture as a discipline (1976)

Introduction to ‘Architecture as
a discipline’

Frederico de Holanda

From the beginning of the 1970s, Bill Hillier wrote a series of articles co-authored
by Adrian Leaman. Of those texts I would select ‘A new approach to architectural
research’ (December 1972), ‘How is design possible?’ (January 1974), and
‘Architecture as a discipline’ (March 1976) as the most emblematic — we might
call them the ‘Holy Trinity’ of the theoretical foundations of what would be named
space syntax, an expression which appeared in print form only in December 1976.!
The axioms, concepts, method and techniques of the theory would be fully exposed
eightyears later, when Hillier co-authored with Julienne Hanson their fundamental
book The social logic of space.?

The three articles have in common such fundamental ideas as meeting ground
theory, architectural functions, architectural codes, means and ends research, and
environmental sciences, presented in each new article in new facets. As follows, an
inevitably personal view informs the selection and relative importance given to
some of those concepts.

Perhaps the key aspect is to confer on architecture the status of a scientific
discipline. The ‘dominant research question’ turns to the ‘what’ instead of the ‘how’,
the emphasis that had hitherto characterised research: on practice and on the
nature of design, not on the architectural object. The view of a ‘meeting ground’
field of thinking, by which architecture would simply constitute an instance of
application of knowledge produced elsewhere — that is, in the consolidated social
sciences — should be replaced by reflecting on how buildings, neighbourhoods and
cities perform in response to human needs. (This hegemonic view pervades not only
academia but also governmental research funding agencies such as the Brazilian
CNPq, where architecture is classified as ‘applied social science’, in contrast with
the ‘human sciences’ of sociology, anthropology, economics and so on.)

Hillier and Leaman submit the concept of function as architectural
performance at all scales affecting people’s life. A ‘four-function model” suggests
architecture works as a set of modifiers of pre-existing reality. Labels vary between
the three papers, but they are consolidated, in 1976, as climate, activity-space,
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economic and social language functions. In other words (which are not in their text),
Hillier and Leaman suggest that the necessary shift is also one from architecture
as a dependent variable to architecture as an independent variable. To rest on
consolidated disciplines implied that analytical categories belonged to them, and
that architecture was simply viewed as the outcome of economic, social, political,
(natural), environmental and other issues (therefore, dependent variable). What
now sounds like a truism — that buildings and cities affect us according to their
attributes — was seen before as merely epiphenomenal.

This ‘interdisciplinary fever’ swept architectural schools at the time around
the world, the UK and Brazil included, in research and in design. I entered
academia in 1972 at the Faculty of Architecture, University of Brasilia, the year
of the first text referred to above. Having come from professional architectural
practice, I was surprised to see that it was difficult to convince students to embark
on ... architectural design. A ‘serious’ work had to be produced in sociological,
economic and political jargon, and had to deal with their correlate analytical
categories — anything but architecture. And — alas! — to produce architecture was
considered ‘rightist’. Bar rare exceptions, the result was shockingly mediocre.

And yet, there is nothing against interdisciplinary contributions to
architectural knowledge and practice in Hillier and Leaman’s texts, or against
teamwork across academic borders; on the contrary. However, bridges towards
established disciplines must be launched from architecture, the description of
which varies according to knowledge objectives. The focus is on architectural
functions, and the potential contributions from sociology to ‘activity-space function’,
or from semiotics and aesthetics to ‘social language function’, or from economy to
‘economic function’ are all too obvious. But the beauty of the challenge is that, in
this radically different ‘meeting ground’ stance, categories are not ready at hand —
they have to be collectively constructed along those two-way thoroughfares.

Hillier and Leaman’s reasoning travels far back in time. The idea of archi-
tectural function had a noble pioneer in Marcus Vitruvius Pollio (circa 27 BCE).?
Vitruvius’s writings are interesting because he deals with the ‘meeting ground’idea,
but he does so in both senses presented above. Architects should be acquainted
with knowledge on clockworks, medicine, astronomy . . . But they should also
care about those ‘bridges’ through a ‘three-function model’: commoditas (Hillier
and Leaman’s activity-space), firmitas (the building should not fall upon our heads)
and venustas (Hillier and Leaman’s social language).

If Hillier and Leaman’s reasoning is deeply rooted in the past, it also challenges
us to move forward, and to devise subdisciplines to approach the various functions
of the model, as knowledge grows and specialisations bloom — for example, climate
function into acoustics, thermal comfort and luminousness issues (in fact, these
three topics are the subject matter of three different courses at our faculty). Another
example further illustrates this: a ‘research division of labour’ among our staff in
Brasilia led to an ‘eight-function model’ that unfolds Hillier and Leaman’s scheme
particularly with regard to ‘social language’: topoceptive (memory and navigability),
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symbolic (representations), affective (psychological states) and aesthetic (sensory
pleasure and world view) aspects of architectural performance are explored. This is
likewise possible in other functions.

From the 1950s onwards, Modernism in architecture was strongly — and
rightly — criticised, particularly at the urban scale: the renowned Jane Jacobs comes
immediately to mind.* But the theoretical tools for such criticism had scarce impact
on buildings and settlements for a simple reason: they were not morphological. It took
another 20 years for architecture to be brought to frontstage in scientific reasoning,
and this happened simultaneously in various countries — France (Philippe Panerai),’
USA (Stanford Anderson),® Brazil (Carlos Nelson Ferreira dos Santos)’ and, the
focus of our attention here, the UK, with Bill Hillier as the leading figure of a team
of scholars at the then Bartlett School of Environmental Studies, University College
London (UCL), and as an outstanding thinker in the field of architecture worldwide.
He has illuminated our academic and professional careers ever since.
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Architecture as a discipline

Bill Hillier and Adrian Leaman

Originally published: Hillier, B. and Leaman, A. 1976. ‘Architecture as a discipline’.
Journal of Architectural Research, 5, 28-32.

Is the study of the built environment a subject in its own right, or is it simply the
meeting ground for a number of disciplines? Should environmental studies be a
loose faculty arrangement in the university with architecture as one of a number
of ‘related disciplines’ grouped around a problem area? Or is there some sense in
which the study of the built environment can arise naturally from the activity of
architecture? The aim of this paper is to sketch a view of architecture as a discipline
which looks into the nature of architecture itself for the disciplines and theory
on which the academic study of the built environment is based.

The paper argues that it is possible to organise an approach to architectural
and environmental problems based on the requirements of designers rather than
on the academic structure we have inherited. This shifts the focus of research from
the methodology of design to the nature of the building itself, while also making
the connections between science and design much less of a problem.

Is architecture a discipline?

Is the study of the built environment a subject in its own right or is it simply the
‘meeting ground for a number of disciplines’? Should ‘environmental studies’ be a
loose faculty arrangement in the university, with architecture as one of a number
of ‘related disciplines’ grouped round a problem area? Or is there some sense in
which the study of the built environment can arise naturally from the activity of
architecture, in such a way as to reconstitute and perpetually renew the intellectual
bases on which environmental action and design must be founded? The 1960s
opted for the most part for the ‘meeting ground’ philosophy. We believe the 1970s
are turning towards the second answer, and looking into the nature of architecture

ARCHITECTURE AS A DISCIPLINE

127



128

itself for the disciplines and theory on which the academic study of the built
environment can be based. The aim of this paper is to sketch this latter view of
architecture as a discipline, not to undervalue the growing interest and involvement
of other disciplines in the study of the built environment, but to acknowledge that
these contributions will depend for their effectiveness on the evolution of a body of
theory and research at the heart of the subject, that is in the nature of architecture
itself and the society that produces it.

The ‘meeting ground’ philosophy is usually supported by a number of
apparently powerful arguments. It is pointed out that any breakdown of the study
of the environment is inevitably interdisciplinary (as though current disciplinary
demarcations and ‘cognitive styles’ in the academic world were pre ordained); a
distinction is often drawn between those disciplines whose outcome is intended to
be ‘knowledge’ (sciences) and those whose outcome is ‘action’ (professions); and as a
consequence, a clear distinction is made between ‘science’ and ‘design’ which strongly
preserves the identity of each. This convincing paradigm has penalties. In particular,
the design or action disciplines tend to remain intellectually weak while the existence
of increasing sources of supposed ‘knowledge’ relevant to design makes their activity
more difficult to accomplish.® The academic study of design and planning, as well
as its practice, becomes subject to every wind that blows in the academic world.
Compounded with its subservience to economics, politics and technology, it is not
surprising that environmental design does not appear to be guided by a powerful and
humane theory as an optimistic society appears to expect.

The disciplinary complexity of environmental studies certainly constitutes a
major problem in the development of any uniquely ‘environmental’ or ‘architectural’
theory in the sense discussed. It is relatively easy to construct long lists of
established disciplines and subject areas which appear to contribute in some way
or another to environmental and architectural concerns. Attempts to make sense
of the diversity of the subject matter run through architectural discourse from
Vitruvius’s first chapter on the education of the architect’ through to some of the
most recent ‘systems-based’ descriptions of the subject area. In fact, it is difficult to
avoid the conclusion that environmental studies, at whatever scale of concern, is a
‘science of everything’.

Sciences of everything

But environmental design is really not quite so complex as this view suggests. The
possibility that this extraordinary total complexity is to some extent a product of
our particular way of seeing it — or in other words an artefact — should at least be
considered. This may be investigated by looking for analogies.

It turns out that sciences of everything — which are sciences that by this
analysis turn out to be connected with everything else in the world — are not so

SPACE SYNTAX

uncommon. A hypothetical example illustrates the point. Imagine a society which
had every science we have today except economics, but which had become aware
of the need for such a science. How would this society go about constructing the
science of economics? It would, of course, construct it out of the disciplines it
already had, both for empire-building reasons and intellectual reasons. Sociology,
for example, would see the new subject as an aspect of itself, probably as a sub-
specialism. Psychology would argue its fundamental contribution because all
economic behaviour emanated from the motivation of the individual. Anthropology
would argue its foundational role in comparing societies from the point of view of
systems of exchange . . . and so on.

All would be justified in their claims. All these disciplines are to some extent
represented in this way in the modern science of economics. But none of these
contributions would make sense without the existence of economic theory and
method to make up the core of the whole subject area. It is probable that our
imaginary society would spend much time trying to construct economic theory
out of extensions of other disciplines but then would realise that economic
phenomena existed in their own right and that it was possible to have a theory about
economic phenomena which was relatively independent of other disciplines —
perhaps using basic ideas from these disciplines in a rather simplistic way as
assumptions to form part of tentative theories, as might be said of economics
today. Economics is more or less co-extensive with sociology in terms of the field
it covers, but it has a particular way of looking at the phenomena of society. By
viewing them in this special way it turns out that the phenomena can be treated
as a systematically connected set possessing systemic attributes which may be
represented in theory and convincingly related to real-life events. But it is of
course economic theory which makes economics independent. This defines
its selection of relevant phenomena and a way of interpreting them in a field
which may otherwise appear undifferentiated as a general quarry for all-comers.
Economics is a ‘route through’ social phenomena.

Such a situation actually did prevail in the nineteenth century in the scientific
subject now called linguistics. According to Trnka, the subject was ‘psychologized
and atomized’ by being regarded ‘as a conglomerate of psychology, physiology,
sociology and other disciplines’.?® Structural linguistics succeeded in establishing
the study of language as a theoretically independent discipline to such good effect
that it constitutes today probably the most powerful body of theory in the human
sciences and is currently powerfully colonising the disciplines of which it was
previously thought to be an offshoot. All these disciplines are still part of linguistics
and we call them psycholinguistics, sociolinguistics and so on, but not linguistic
psychology or linguistic sociology. (Compare this with the recently established
environmental psychology as opposed to a possible psycho-environmentalism.)
The difference is subtle but important. The focus is linguistics; these are aspects of
linguistic theory and not vice versa.
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The concept of an environmental discipline

The linguistic analogy may be used in other ways to discuss the possibility of
an environmental discipline. The extraordinary and commonplace thing about
language is that everyone can speak. Everyone can produce highly complex series
of sounds within complex rule structures to convey complex meaning without
explicitly knowing the rule structure which governs language. In fact, no one
understands the rule structure. The essential structure of a language as a form of
rule-using behaviour is still the major mystery in linguistic theory. Nevertheless, we
all speak without making many mistakes. (This is, of course, not only a relatively
simple question of grammar, but a question of what grammars are and how they
may be scientifically described.) The difference between being able to speak and
being a linguistic scientist or theoretician is a useful analogy. It is parallel to the
difference between learning to use a language-like rule structure in design and
making the man-made environment the object of science and theory.

This may be made more explicit. In language, we know that a complex,
generative and open-ended rule structure must exist between the domain
of structured sounds (phonetic production) and the domain of structured
meanings, or to put it another way, between the physical and abstract aspects
of language. Using the term crudely, this structure may be thought of as a kind
of code, comparable to a code which turns speech into electronic impulses
and back again in an information channel. Those who have been trained as
designers will be using just such a code (although it was probably never taught
explicitly, it was learnt by just being in a school of architecture) which enables
the designer to effect a translation from individual, organisational and social
needs to physical artefacts. This code which has been learned is supposed to
express and contain actual connections which exist between human needs
and their artificial environment. In effect, the designer learns to ‘speak’ a
language — to make a useful transition between domains which are unlike each
other (sounds and meanings in language, artefacts and needs in design) by
means of a code or system of codes which structure that connection. Just as
a man who can speak can realise the various functions of language necessary
to existence — communication, thinking, ordering, classifying and so on -
because he can relate sound to meaning, so designers can realise the functions
that society requires of building — climate modification, symbolic expression,
resource modification, activity containment — because they can relate needs to
artefacts through the code.

A designer uses a code that expresses the connectivity between needs
and artefacts in order to make useful and viable links between the two domains.
An architectural theorist is concerned to study that connectivity as it really is and
as it expresses itself in the designer’s coding structure and in other coding structures
used in the interpretation and use of the environment. It is important to internalise
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this distinction. It is the difference between being a speaker and being a student
of language. It expresses why the preoccupations of the architectural theorist are
co-extensive with, and in a sense the same as those of a designer, and at the same
time quite different. Instead of using the code to achieve real objectives in the
world, we have stepped back to study the code as a social phenomenon and its
relation to the real world as it is.

It is on this foundation that a science of environment can be conceived which
is based on what designers actually do rather than on the structure of the ‘related
disciplines’. But this requires a further important distinction, which once again can
be introduced by analogy with linguistics. This is the difference between studying
a language as a whole and studying the use that individuals make of language in
speaking. The environmental equivalent is the morphological history of artificial
space and social process on the one hand, and the particular appropriation of it
by individuals, groups, organisations and cultures on the other. The environment
as a morphological set exists over and above any individual use of it. It exists
at any time as a historical ‘given’. Those who experience it had no hand in its
making, but they will pass it on to the next generation as a ‘given’ in modified
form. These modifications will be the result of particular appropriations; the
modified environment will express both these and the previously given structure.
Thus, although the overall morphology of the environment and the individual
appropriation of it must be considered to some extent separately, they are also
interconnected. One of the objects here is to find out how.

Let us summarise this and try to find some useful generalisations. It is usual
to represent man and environment as an interface touching at all points, but some
being more significant than others. It is suggested here that although the interface
concept is valuable it belongs properly to the interface between the artefact and
its environment. The relation of man and environment is not an interface at all
but an elaborate structure of relations which has the nature of a code.! In this
view, the two domains of human needs and physical artefacts have been ‘pulled
apart’ to reveal the structure of connections between them. This is the dominant
system of interest for environmental and architectural theory. Designers must
use code structures in order to design buildings; people use them to experience
it; society constrains designers and users through them. This offers three basic
generalisations regarding the study of artificial language-like systems. First, the
problem of effecting a relationship between dissimilar domains of entities is very
basic to our ways of thinking and even to our mode of existence. We depend on this
ability. Second, these operations have a formal resemblance to the idea of ‘mapping’
between domains in mathematics, a concept which is fundamental to the practical
application of mathematics. Third, what is of chief interest to environmental and
architectural science are certain kinds of relationships which are in some sense
mediated or modified by environmental change. This leads us to the concept of
function, seen not in the traditional sense of architectural discourse, but in the
scientific sense.
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The concept of function

The concept of function is important because it expresses exactly such relationships.
In a recent paper, ‘The idea of architectural research’'?, this concept was applied
to architecture and shown to underlie the organisation and development of
architectural research. It was suggested that a useful conceptualisation of a building
was the ‘four-function model’ which identified the building as behaviour-modifier,
as climate-modifier, as symbolic-modifier and as resource-modifier. Each of these
functions can be expressed as a relationship. The first is between behaviour and
spatial structure which is mediated by building; the second is a relation between
human psychophysiology and the natural environment, mediated by building; the
third is a relation between the physical artefact as a sign and its symbolic meaning,
mediated by building; and the fourth is a relation between the use of resources
and goals, mediated by building. These relations are in effect realisations of a more
basic set of relations. The matrix (Figure 5.1) gives a straightforward version of
the structure of these more basic relationships. The columns represent the basic
categories — the relation between man and nature, and the mediation between man
and man, which are ubiquitous in all forms of the artificial environment; and the
rows represent how buildings function both in a visible, tangible way (buildings as
things) and in a less obvious but pervasive way as a cultural language (buildings
as signs). The boxes of this matrix yield the four-function model.

In functioning as a climate modifier, the building acts as a complex
environmental filter between inside and outside, modifying (by decreasing,
increasing, selecting and specifying) the sensory inputs into the human
occupants, and also having displacement effects on the external climate. As an
activity modifier, the building inhibits some activities and facilitates others,
perhaps prompting or determining them. It also locates activities within a broader
ecological framework and constitutes a modifier of the total behaviour of that part
of society that comes into contact with it.

As a symbolic modifier, the building functions not only in terms of the
designer’s intentions but also in terms of the expectations and awareness of those
who experience it. In this way, the building has a similar displacement effect
on societies’ symbolic systems as a whole. As a resource modifier the building

MAN-NATURE MAN-MAN
relation relation

buildings as  climate activity-space

THINGS maodification function
function
buildings as  economic social language

SIGNS function function

Figure 5.1 Four-function model: simple matrix version.
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Figure 5.2 Four-function model: full matrix version.

functions in transforming existing patterns of use value and exchange value. It adds
to the value of its raw materials, acts as a capital investment, redistributes scarce
resources of manpower and material over space and time and, in a less measurable
way, adds to the existing use value of the building stock.

Figure 5.2 gives a more complex and true-to-life version of these sets of
relationships, and shows how, in fact, they embody contradictory pulls. The basic
components of the matrix are, as before, man-nature relations, man-man relations,
buildings as things and buildings as signs. But further complexity is added by
thinking of the intersection of similar components in the matrix. This gives the
rather unfamiliar idea of man-nature relationships acting as man-man relations
(this means, an artificially made, socially constructed surrogate ‘nature’) and
buildings as signs (which means as economic or resource signifiers in themselves).
The intersection of like categories in the matrix along with the union of unlike
categories provides a more complete map of the way in which social space is
constructed and used.

Take, for example, the intersection of buildings as things and buildings as
signs (things as signs) and its union with nature (man-nature) and society (man—
man), respectively. This provides the two major, and contradictory, dimensions of
how buildings function economically. The first gives an economic function based
on minimum cost in the exploitation of natural resources; the second gives an
economic function based on exploitation of prestige which promotes conspicu-
ous consumption. Similarly, if the intersection between nature and society (man—
nature relations as man-man relations) is unified with buildings as things and
buildings as signs respectively, two types of spatial differentiation are derived.
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One is based on the pure physical division of space to contain activities; the other
expresses how the division is used as a social language. The other categories in the
matrix are derived in a similar way.

As argued in ‘The idea of architectural research’, the four-function concept
has, implicitly at least, underlain the development of architectural research over
the past decade. This represents a significant shift from previous thinking about
architectural research in which it was presumed that research was the prerogative
of the ‘knowledge’ based disciplines and nothing to do with the ‘action’ disciplines
like architecture and planning. With this model, it is easy to see why no amount of
sociological or psychological or engineering or materials research on its own would
tell us what, as designers, we really needed to know. The knowledge we require
is more about the structure of connections between human needs and physical
artefacts as they exist in the real world.

It is through the development of research into such relationships that
the possibility of a scientific and integrative approach to architectural and
environmental problems, based on the sphere of interest of designers and
problem-solvers rather than the academic structure we have inherited, has
become possible. It has also had the useful effect of shifting the focus of research
from the methodology of design to the nature of the artefact itself, while at the
same time making the connectivity of science and design much less of a problem.
Environmental design and research can, it appears, converge considerably as far as
their subject matter is concerned while retaining the basic distinctions in how they
approach it and how they apply it.

Architecture as a science of the artificial

If this approach is useful, then what are the implications for the old conflict
between architecture as art and architecture as science? Our argument is that
there is no conflict, any more than there is a conflict between using and studying
language. No linguistic research has ever had a bad effect on language. The fallacies
of ‘basic English’ arose not from linguistic theory but from linguistic scientism.
Linguistic theory today takes off from the concept of a ‘rule-governed creativity’
(to use Chomsky’s phrase). In fact, its theories today are essentially answers to
the question: how can unconscious organised systems permitting ‘rule-governed
creativity’ exist in our heads, what are they like and how do they get there? This is
exactly the foundational concept that we need in architecture.

Using this basic idea, and orientating research towards an understanding
of unconscious social codes that construct both our awareness of space and our
actions as designers, architecture can become a member of the community of
truly modern sciences without sacrificing anything of its preoccupation with the
human, the intuitive, and the free run of the socio-spatial imagination. But
there is a problem. If architecture sustains such a theoretical enquiry into its own
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foundations, in society and in the evolutionary morphology of built form, then it
will no longer be the same type of system as it was before. Its consciousness of
itself, its increasing ability to externalise its social nature and effect, will itself be
an important component in the system under study. We arrive at the problem of
sciences that are part of their own subject matter.

Again, this is not unusual. Returning to economics, a society which has an
economic theory, and maybe mathematical models of the economy based on
that theory, is not the same society that it was prior to having that theory and
those models. The model may itself become the most important single aspect of
the economy. Today, the economy fluctuates as a result of its own contemplation
of itself, made possible by economic science. In the field of human endeavour,
scientific theories become part of the society in which they develop. This is not new.
It is this that gives social reality its abstract nature. It has been true in economics
ever since ‘Aristotle discovered the economy’,’® and theoretical ideas began to
construct the role of the market in urban societies.

The proper name for these sciences which become part of themselves and
create their own universe should not be ‘human’ or ‘social’ sciences but ‘sciences of
the artificial’. Their essential concern is with the self-developing, self-perpetuating
properties of man-made systems like languages, cities, economies and even society
itself. The ‘social and human’ sciences concept is insufficient because it is implicitly
constructed from a direct analogy with natural sciences. The concept of ‘sciences
of the artificial’ arose through increasing awareness that within a decade of their
development, computers had to become the subject of a ‘natural history’ in order
to understand what was happening to them and how they were changing the
environments in which they were out.'* Architecture is a science of the artificial,
and its mode of action-design — as well as its unconscious codes and theories — are
part of its subject matter, and not some rootless extension into an ethereal domain
of unconstructed intentions and ideals. '
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6 Space syntax (1976)
Introduction to ‘Space syntax’
Sam Griffiths

The title of the 1976 article ‘Space syntax’ by Bill Hillier, Adrian Leaman, Paul
Stansall and Mick Bedford is unusual, for an academic publication, in its brevity.
A subtitle would have given the reader a greater steer on its contents. We may
speculate that there was a reason they chose not to add one. Bill Hillier had been
immersed in the philosophy of language since studying English Literature at
Cambridge and understood the sciences of the poetic as much as architectural
artifice. He would have been well aware that to deploy just two short alliterative
words comprising three equally stressed syllables, ‘Space syntax’, in the title was to
add dramatic emphasis. For Hillier and colleagues this was not just another article
but rather an announcement of something new. Any qualifying subtitle would have
diluted its impact, hence ‘Space syntax’ stands alone.

Space syntax was Hillier and colleagues’ response to the problem of the
description of complex built forms seen as the collective products of human
endeavour. In the absence of a satisfactory independent description, they argued,
human settlements could never be recognised as socially generative in themselves
but only as representations projected by socio-economic or cultural social
structures. The authors were strongly influenced in their ‘theory of patterns’ by
Newton’s rejection of the Aristotelian telos that sought to assign an essential socio-
economic or cultural purpose to built forms.

The article elaborates the syntax of the ‘morphic language’ of human spatial
organisation. This is defined first by combinatorial rules governing a given set of
objects, relations and operations. Second, through their restriction on a random
process of planar growth. Third on the aggregation of elementary objects (the
‘minimal setup’) within a given carrier space on the surface of the earth. The
authors note that the ‘problem of describing structures, especially collective
structures . . . exists over and above the problem of generating them’. This is
because the global forms settlements take are not wholly knowable on the basis
of the local rules that generate them. The article consequently focuses on the
generative rules that are hypothesised to link the global settlement descriptions
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we see within the cartographic record to the social-historical process of their
construction.

Readers who are not specialists in linguistics or who fear they may struggle to
digest the esoteric notation (or ‘ideography’) of space syntax should be reassured
that it is a surprisingly intuitive proposition. Unlike the rules of mathematical
logic but similar to those governing meaningful verbal expression, the morphic
language is said to be constrained by ‘being realised in the experiential world
[and] being creatively used for social purposes’. Unlike natural languages (but
similar to mathematical ones), the morphic language does not signify anything
beyond itself; it ‘constitutes patterns which are their own meaning’. This is why
space can be truly said to be social space; it is because humans find the inhabited
world intelligible, at least in some minimal sense. On the basis of a wide survey
of settlement types, the authors make the remarkable claim to have established
eight generative syntaxes that account for the spatial morphologies of recorded
settlement forms. They distinguish between two major types: ‘distributed syntaxes’
that describe systems characterised by the arrangements of individual elements in
open space — each space playing an equal part in building the global space pattern;
and ‘nondistributed syntaxes’ that describe systems characterised by boundaries
arranged hierarchically, with some spaces playing a controlling part in building
the global pattern.

Publishing ‘Space syntax’ in Environment and Planning B, then the recently
launched journal of architectural and buildings research edited by Lionel March,
was an important milestone for the collaboration of Hillier, Leaman, Stansall and
Bedford. After years spent honing their ideas in niche journals it brought their
work to a wider interdisciplinary audience. The article was later reprinted in its
entirety in 1978 as a contribution to the British Archaeological Reports series.
This publication features a spirited correspondence between the authors and the
renowned British anthropologist Sir Edmund Leach pivoting on whether verbal
language was, as Leach argued, the most appropriate intellectual framework for
understanding the sociality of historical settlement forms. The advocates of space
syntax as a morphic language, of course, saw things differently.!

The authors’ position on morphic languages would eventually receive
clarification in Bill Hillier and Julienne Hanson’s definitive 1984 book The social
logic of space.? The opening chapter of this work, ‘The problem of space’, offers a
refinement of the propositions advanced in ‘Space syntax’; itself representing the
maturation of an intellectual agenda first sketched by Hillier and Leaman in their
1974 paper ‘The architecture of architecture’.® The shared authorship of the 1976
article serves as an invaluable reminder that posterity should not abbreviate the
intellectual history of a field to the individual with which it is most associated,
however influential Bill Hillier became in driving the development of space syntax
research over subsequent decades. It is important that not only Adrian Leaman,
who co-authored a number of key early papers with Hillier, but also Paul Stansall
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and Mick Bedford should be acknowledged as pioneers of the field from its earliest
days — architects and thinkers whose contributions were formative.

For a scholar working in the field of contemporary space syntax research, re-
reading of ‘Space syntax’ is like returning to the intellectual source for nourishment.
It prompts reflection on how widespread interest in the potential of space syntax
‘tools’ of spatial analysis and data visualisation should not (and need not) come at
the cost of neglecting its core theoretical proposition: that the architectural spaces
of human life are fundamentally social in their material descriptions and socialising
with regard to their implications for human action. It can also help stimulate
new research agendas and revive older ones. Generative syntaxes have clear con-
temporary relevance in the use of computational techniques to explore novel
possibilities in architectural forms on the basis of parameters suggested by the
historical and archaeological record. The theory of morphic languages deserves
further research and development as an as yet relatively unexplored branch of
social ontology; and there is still much empirical ethnographic and historical work
to do in understanding the relationship between ‘spatial and social syntax’.
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Space syntax

Bill Hillier, Adrian Leaman, Paul Stansall and
Michael Bedford

Originally published: Hillier, B., Leaman, A., Stansall, P. and Bedford, M. 1976.
‘Space syntax’. Environment and Planning B: Planning and Design, 3, 147-185.

This paper addresses itself to the question of how and why different societies
produce different spatial orders through building forms and settlement patterns.
It consists of three parts. Firstly, at a meta-theoretical level, it is suggested that
spatial organisation should be seen as a member of a family of ‘morphic languages’
which are unlike both natural and mathematical languages but which borrow
properties from each. In general, morphic languages are used to constitute rather
than represent the social through their syntax (that is the systematic production of
pattern). Secondly, a general syntactic theory of space organisation is proposed.
It is argued that spatial patterns in both complex buildings and settlements fall
into eight major types, which are interrelated in structural ways. Finally, the
syntactic theory is used to integrate a number of recent general propositions made
in anthropology regarding human space organisation.

1 Preliminaries: Mathematics and the ‘sciences of the artificial’

‘We cannot understand the flux which constitutes our human experience
unless we realise that it is raised above the futility of infinitude by various
successive types of modes of emphasis which generate the active energy of
a finite assemblage. The superstitious awe of infinitude has been the bane of
philosophy. The infinite has no properties. All value is the gift of finitude which
is the necessary condition for activity. Also, activity means the origination of
patterns of assemblage, and mathematics is the study of pattern.”*

Belief in a mathematical order inherent in nature has always been a
fundamental postulate of theoretical science. First put forward by the School
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of Pythagoras, which developed a numerical theory of natural order from such
discoveries as the relation between musical harmonies and numerical proportions,
it was linked by Galileo to the experimental method, and together they form
the dual foundation of the modern conception of science. Analytical geometry,
calculus, group theory, non-Euclidean geometries and perhaps catastrophe theory
were all subsequent steps in linking our conceptions of natural order with mathe-
matics. However unreasonable a belief mathematical order in nature may appear
in principle, the ‘unreasonable effectiveness’ of mathematics in the natural sciences
leaves no doubt that it has been amply justified by events.

But the sciences of man-made entities like settlement patterns, societies and
languages have no such record of success to confound the sceptic. Moreover, the
claims of these sciences to be excused for their poor mathematical development
on account of their extreme youth sounds more and more uneasy as decades pass.
However, the root reason for the lack of mathematical theories in the ‘sciences
of the artificial’ may be that they are not sought after, since the fundamental
postulate justifying the intervention of mathematics in these sciences is not a belief
in a mathematical order inherent in the objects of study, but simply a belief in the
power of mathematics as an instrument. In principle, such a reduced claim appears
justified. Even if nature does work mathematically, this does not imply that man the
artificer also does. To believe in a mathematical order inherent in complex artificial
entities requires us to believe that man creates more mathematically than he knows.

This argument strongly resembles the one that eventually led to Galileo’s
condemnation. He was required by the church to believe that mathematical
models were only convenient instruments for describing and predicting nature,
not expressions of an order present in nature herself. One suspects that today a
similarly modest instrumentalism would be more acceptable to the high priests of
the unnatural sciences than a Galilean belief in inherent mathematical order.

There is, however, one scientific problem area which suggests that the
sciences of the artificial may be forced into thoroughgoing Galileanism. All
branches of artificial intelligence research have encountered a major conceptual
barrier — the problem of representing fields of knowledge. ‘Machine intelligence
is fast attaining self-definition, and we now have as a touchstone the realisation
that the central operations of intelligence are (logical and procedural) transactions
on a knowledge-base.”® This problem, according to Michie, is now the common
denominator of research into artificial pattern recognition, machine translation,
and even chess playing, of which Michie wrote: ‘As with other sectors of machine
intelligence, rich rewards await even partial solutions to the representation prob-
lem. To capture in a formal descriptive scheme the game’s delicate structure; it is
here that future progress lies, rather than in nanosecond access times, parallel pro-
cessing, or mega-mega-bit memories.’®

It is hard to see how such problems will be resolved except by novel theories
of combinatorial pattern formation. If mathematics is to justify its claim to be the
general abstract study of pattern, such theories will be assimilated to mathematics,
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if they are not already part of it. We cannot know in advance whether the new
combinatorial ideas we need will come from mathematics, or whether they will
come from outside and challenge mathematics, as physics has done so often. It
may, for example, be the case that modern mathematics in pursuit of its most
abstract and intangible foundations has neglected certain simpler, perhaps more
imperfect, types of order than may prevail locally in ordinary space-time. If this
were so, it would at least allow us to adopt a Galilean position in the sciences of the
artificial without an extravagant belief in a relation between the most unworldly
domains of abstract mathematics and the everyday world of practical pattern
recognition, language analysis and so on.

Whatever the solution, the existence of the knowledge problem in artificial
intelligence research already strongly suggests that some formal order, of a more or
less mathematical kind, must inhere in the complex entities which we ‘recognise’
so easily in everyday life. With only a minor extension of the argument, it may be
suggested that this could be a key to the scientific study of those artificial systems
which are defined on a collectivity, like cities, societies and languages, and depend
on continuous, largely unconscious pattern recognition by members of that
collectivity. In this perspective a key relationship comes to the fore: the relationship
between the formal structure of what there is to be known (for example, the patterns
of space organisation, patterns of social networks and so on); and the formal
mental structures by which these are known or recognised. It is then an obvious
hypothesis that the same formal structure could account for both.

This extension of current debates in artificial intelligence also suggests an
alternative strategy for research to be conducted in parallel to the problem of
formal representation of knowledge fields on the computer: that of the analysis
of artificial systems like space patterns and social patterns for inherent formal
structures which might contribute to their knowability.

These are the theoretical considerations that underlie the ‘space syntax’
research programme. They are intended both to apologise for adopting a formalistic
approach to phenomena not commonly thought to be responsive to such an analy-
sis, and also to apologise for the adoption of a practical and empirical rather than
purely mathematical approach. Our aim has been to work towards mathematisation
from intuitive formal principles, rather than to adopt a branch of mathematics such as
topology or graph theory and work towards the phenomena. Experiments have been
made in moving more firmly in the direction of one or other branch of mathematics,
but each time it has become clear that this would impose severe limitations on our
ability to stay close to the real evidence, and to try to draw its formal structure from it.

Perhaps a firmer argument for a ‘syntactic’ rather than properly mathematical
strategy is that, even within the scope of a general belief in an inherent formal order
giving rise to knowability in space patterns, we cannot know in advance which of
the array of current branches of mathematics will be appropriate, or even if any
branch will offer models for the level and type of approximation we require. The
proper scientific strategy therefore seems to be to build a theory of patterns, with a
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close respect for the evidence but without too much regard for early justification in
mathematical terms. Although we realise that we are bound to be strongly criticised
for our neglect of mathematics, we hope we may be excused on the grounds that
our resulting model of the formal syntax of human space organisation is at least
‘unreasonably effective’ in characterising the space patterns made by human socie-
ties, in showing how they were generated, how they relate to social patterns, and
perhaps above all, in showing how even the most complex patterns are ‘knowable’
through knowledge of a few elementary concepts and operations.

In brief, our hope is to have made an effective model of the ‘knowledge-field’
constituted by architectural and urban space patterns. But we have done so at the
price of mathematical acceptability. We therefore ask the reader to consider three
things. First, the match between the model and the empirical evidence; second, the
internal consistency of the model within its own limited syntactic terms, rather than
in terms of its agreement with basic mathematical ideas; and third, the possibility
that man-made systems involving patterns of relations, especially those defined as
collectivities such as human populations, or collections of spatial domains, may
require this syntactic level of formal analysis to mirror their real internal patterns,
rather than the more searching analysis of mathematics proper. It may even be
ventured that progress in developing formal theories of complex artificial systems
is handicapped by not having such a level of formal analysis.

In view of the centrality of a ‘syntactic formalism’ to our whole research
enterprise, we have developed it into an explicit theory, the theory of morphic
languages, which appears to us to fall between mathematics and natural languages,
and to offer the appropriate general concept for the analysis of complex artificial
systems involving patterns defined on collectivities. As such the theory of morphic
languages, and the worked example given — the morphic language of space
patterns — are offered also as a contribution to the study of ‘collective phenomena’.

2 The theory of morphic languages

If the problem of knowability is defined as that of understanding how characteristic
patterns in a set of phenomena can be recognised by reference to abstract princi-
ples of arrangement or relationship, and the problem of morphology is defined
as that of understanding the objective similarities and differences that a set of
phenomena characteristically exhibit to ordinary experience, then the aim of the
theory of morphic languages is, for certain classes of real, socially defined collective
phenomena like spatial patterns, to unite the two problems into the single prob-
lem of understanding how the morphology may be generated from a parsimonious
set of elementary objects, relations and operations. In effect, the reduction of
morphology to the elementary structure of a combinatorial system is argued to be
its reduction to its principles of knowability. The set of combinatorial principles we
call syntax. Syntax is the most important property of a morphic language. What
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is knowable about the morphological output of a morphic language is its syntax.
Conversely, syntax permits the morphology to exhibit regularity in its similarities
and differences.

Syntax in a morphic language is defined as a set of related rule structures
formed out of elementary combinations of the elementary objects, relations and
operations. These can be introduced, independently or conjointly, in a minimum
setup for the morphic language to produce recognisable patterns. A minimum setup is
amorphic language without its syntax, that is to say, a morphic language operating
randomly. More exactly, a minimum setup consists of a space’ within which the
morphiclanguage can operate (that is, generate patterns) called the carrier space; a
minimal rule of operation, that of simple repetition at random intervals; a minimal
object, the least complex permitted by the system; with minimal relations, where
each object has only the relation of belonging to the carrier space. It is reasonable
to call such a setup ‘random’ since each event (that is the placing of an object)
that takes place in the carrier space is independent of every other event except in
that all belong to the same setup. This follows the definition of a ‘chance setup’ by
Hacking.?

A morphic language therefore consists of:

a. aminimum setup, made up of a carrier space and a randomised ongoing process;

b. a syntax, that is a set of elementary objects, relations and operations capable
of being combined to form rule structures to restrict the randomness of the
minimum setup; and

c. asyntax-rule — a rule for the formation of rules — which ideally should exhaust
itself against some natural or logical limit. For example, in space syntax, the rule
exhausts itself against the barrier of not being able to develop beyond three-
dimensional space (in fact slightly earlier: against the fact that people cannot
fly. Man-made space is effectively two-dimensional because movement is two-
dimensional. Stairs are a two-dimensional reduction of a three-dimensional
reality).

A morphic language links the foundation of probability (the ‘chance setup’)
with the fundamental idea of a mathematical structure (objects, relations and
operations) from the outset. The advantages of the morphic language concept are
several. First, by linking a probabilistic approach with a structural approach from
the start in the modelling of phenomena, order and pattern are seen as improbable,
being the result of the introduction of syntax into the minimum setup. Second, it
offers, in principle, a method of keeping a record of all the order that has been built
into a system. A morphic language is not decomposable into ‘sub-systems’, but only
into the syntactic rules responsible for the production of this or that kind of pattern.
Even with all syntactic rules removed, the minimum setup is still, as will be shown,
a relatively rich system, in spite of being minimally ordered. Third, randomisation
plays a key part in the formation of certain major pattern types that appear in the
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real world of space patterns. Certain patterns are only produced by a generative
process if the process is randomised apart from its syntactic rule (for an example,
see the global pattern that emerges in generating a 3-syntactic surface in Figure 6.9).
Fourth, a morphic language deals with the many minimally ordered situations that
exist, in terms of a theory of patterns, that is, we may treat randomness as a special
case of pattern. This turns out to be critical to the problem of relating spatial to social
patterns (see section 4 — Space and society). Fifth, a morphic language gives natural,
rather than arbitrary, limits: at the lower limit is randomness, at the upper limit are
the limits of realising new combinations in real space. In essence, space syntax is an
exploration of the combinability of open and closed discs, and open and closed rings
(assuming these to be projections onto the plane of open and closed balls, and open
and closed tori). Sixth, a morphic language makes the model self-contained in that
it can be shown, in the case of space syntax at least, that all the objects, relations and
operations that form the syntax, and even the syntax rule itself, can be found by an
analysis of the minimum setup.

Intuitively, the postulation of a minimum setup as the basis for a morphic
language means that it is assumed that people and societies deploy themselves
in space, and that these deployments are capable, under certain conditions, of
adopting certain patterns. The research task is, therefore, not to say why people
deploy themselves in space, but to offer a theory of the patterns. Conceptually this
is comparable to the introduction of the inertia postulate into physics. It liberates us
from the Aristotelean ‘essences’ of universal behavioural principles, which plague
current theorising about space, and allows us to build a theory of the characteristic
space patterns that different types of society and organisation create.

In the theory of morphic languages, therefore, the Newtonian postulate of an
ongoing system is added to the Galilean hypothesis of a formal structure inherent
in the patterns of order exhibited by the states of the system. However, this formal
order is not in the proper sense a mathematical order, but a syntactic order. But
the word syntax is not used with the same technical specification or theoretical
status usually assigned to it in linguistics. It is therefore necessary, to avoid
misunderstanding, to be clear about the relation between a morphic language and
mathematics on the one hand, and natural language on the other.

The primary purpose of a natural language (irrespective of particular
linguistic ‘functions’) is to represent the world as it appears, that is to convey a
meaning which in no way resembles the language itself. To accomplish the task
of representation in an infinitely rich universe, a natural language possesses two
defining characteristics. First, a set of primary morphic units which are strongly
individuated, that is each word is different from all other words and represents dif-
ferent things; and second, a formal or syntactic structure which is parsimonious and
permissive, in that it permits infinitely many sentences to be syntactically well-
formed which are semantically nonsense (that is, effectively nonsense from the
point of view of linguistic form as a whole). Conversely, meaning can be transmitted
(that is represented) without well-formed syntactic structure in certain cases.
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The defining characteristics of a natural language are a relatively short, possibly
conventional, grammar, and a large lexicon.

By contrast, mathematical languages have very small lexicons (as small
as possible) and very large ‘syntaxes’ in the sense of all the structure that may be
elaborated from the initial, minimal lexicon. Such languages are virtually useless
for representing the world as it appears because the primary morphic units are not
individuated at all, but rendered as homogeneous as possible — the members of a set,
units of measurement and so on. Mathematical symbols strip the morphic unit of
all its particular properties — of being a member of a set, of existing and so on. To be
interested in the particular properties of particular numbers is, for a mathematician,
the equivalent of a voyage into mysticism. Mathematical languages do not represent
or mean anything except their own structure. If they are useful for representing the
most abstract forms of order in the real world, it is because, in its preoccupation
with its own structure, mathematics arrives at general principles of structure, which,
because they are deep and general, hold also at some level in the real world.’

Morphic languages differ from both, yet borrow certain properties from each.
From mathematical languages, morphic languages take the small lexicon (that is
the homogeneity of its primary morphic units), the primacy of syntactic structure
over semantic representation, the property of being built up from a minimal initial
system and the property of not meaning anything except its own structure (that is to
say, it does not exist to represent other things, but to constitute patterns which are
their own meaning). From natural languages, morphic languages take the property
of being realised in the experiential world, of being creatively used for social purposes
(or permitting a ‘rule-governed creativity’) and of being constitutive, rather than
representative, of the social.

Thus in a morphic language, syntax has a far more important role than in
natural language. In natural language, the existence of a syntactically well-formed
sentence permits a meaning to exist, but neither specifies it nor guarantees it. In
a morphic language, the existence of a syntactically well-formed pattern itself
guarantees and indeed specifies a meaning, because the ‘meaning’ is only the
abstract structure of the pattern. Morphic languages are the realisation of abstract
structure in the real world. They convey ‘meaning’, not in the sense of representing
something else, but only in the sense of constituting a pattern. Thus if, as we
believe, both space organisation and social structures are morphic languages,
the construction of a social theory of space organisation becomes a question of
understanding the relations between the principles of pattern generation in both.

This does not mean that architectural and urban forms are not used to
represent particular meanings, but it does argue that such representation is
secondary. To achieve representation of ‘meaning’ the morphic language of space
does so by behaving as a natural language. It individuates its morphic units, making
them as different as possible from other morphic units. Hence buildings which are
intended to convey particular ‘meanings’ do so by the addition of idiosyncratic
elaboration and detail — decoration, bell-towers and so on. In so doing, the morphic
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units come to behave more like particular words in natural language. Conversely,
when natural language is useful to convey abstract structure — as, for example, in
academic monographs — it does so by increasing the importance of syntax over the
word (see Bernstein’s concept of an elaborated code, and its syntactic effects'®).
This is why scientific interest is usually bought at the price of boredom. We cannot,
alas, be poets and write scientific papers in extended metaphors.

Morphic languages are also like mathematics, and unlike natural language,
in that they pose the problem of the description, in addition to that of the
generation, of structure. Current linguistic theory would assume that a theoretical
description of a sentence would be given by a formula expressing generative
and transformational rules. This would hold even if current efforts to build
semantically (as opposed to syntactically) based theories were successful. In
mathematics, however, structure is only reducible to generation if one takes a
strong philosophical line opposing the ‘reification’ or ‘Platonisation’ of structure,
and arguing that all mathematical structure is self-evidently reducible to an orderly
activity by mathematicians, not to be thought of as existing in its own right.

Whatever the solution to this problem in mathematics, in morphic languages
it can be clearly shown that cases exist where the problem of describing a structure
which exists objectively in the real world is over and above that of understanding
how it is generated. To take a simple example, imagine that a series of individuals
build square, single cell, single entrance dwellings by each joining his cell facewise
onto an existing wall in the collection, keeping the growing collective object as
compact as possible (that is, ensuring that the largest square obtainable by
projecting the lines of cell walls is as small as possible). Given that each individual
follows no other rules, then the result will be as follows (see Figure 6.1):!

The aggregate object takes the form of a set of cells grouped around
courtya