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INTRODUCTION
G. Vrachliotis, C. Freksa, S. Bertel
The intention of the workshop Mental conceptions of emergent spaces in architectural design is
to discuss and clarify hypotheses and insights about human conceptions of space and their
influence on architectural design processes. Decision making in architectural design includes
processes that employ external representations in a range of different spatial formats. As a matter
of principle, these representations are not veridical with respect to the building as a whole but
they show subsets of all features. In this respect, we can expect the mental representations of
spaces that get constructed during architectural design to be aspectual. A good deal is known
about human mental conceptions of large-scale spaces, i.e. spaces that can not be overlooked
from a single location; there exist models that detail their properties and structure relating to
developmental issues, to learning, or to a variety of spatial reasoning tasks. The increase of our
knowledge is reflected in the use and disuse of metaphors such as cognitive maps, cognitive
atlases, or cognitive collages. In architectural spaces, vista space plays a more dominant role than
large-scale space. The workshop will address this and other characteristics of architectural space.
Bill Hillier as the Keynote Speaker of the Workshop presents questions about spatial cognition
from a syntactic point of view: space syntax as a scientific method and technique for describing
and analyzing spatial layouts in buildings and cities focus on correlating configurational measures
of space with aggregate behaviors. In his contribution Bill Hillier emphasizes three research areas
in respect to architectural design: (1) the mathematical nature of space, (2) important spatial
factors for experiencing spatial environments, and (3) movement flows in cities. Bringing
together these areas, Hillier develops the following three suggestions: (1) people seem to form a
syntactic configuration of space at the navigational level between the body and the universe; (2)
linear relations seem to be critical in moving from seeing local parts to an approximation of
global wholes; and (3) there seem to be a number of suggestive links between the formal
properties of space and how we cognize it.
Stephen Hirtle presents a multimedia application for navigation within architectural spaces: to
understand and describe architectural space adequately two different kinds of spatial information
are required: (1) spatial information of the outside of buildings, including how they fit into larger
neighborhood spaces, and (2) spatial information of the inside of buildings, including how
humans interact with internal spaces. Hence Hirtle highlights the interplay between scale and
modality with respect to these two kinds of spatial information. The common ground of these two
levels of spatial information is the general use of visual, spatial and semantic languages. Hirtle
illustrates this by presenting a multimedia navigation tool for locating buildings on a campus.
Penny Yates discusses and exemplifies the predicament of architectural space: The purpose of her
contribution is to analyze the use of current computer modeling programs with respect to their
deficits for architectural design. Referring to a well-known essay from theory of architectural
design (Rowe & Koetter, 1977) Yates confrontationally discusses the idea of buildings as objects
or as spaces. Exemplifying the relation between the form and the function of a circus tent Yates
investigates two methods of planning and designing buildings, from inside to outside or from
outside to inside. These spatial concepts – object vs. space and outside vs. inside - are examined
with regard to conceptual possibilities of computer modeling programs.
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Mario Borillo and Jean-Pierre Goulette talk about semantics of the vocabulary of architecture as
an access to design processes: The aim of the workshop contribution by Borillo and Goulette is to
define a “strategy of access to the mental universe of the designer through the analysis of
language”. Furthermore they analyze the vocabulary of architecture both to understand and to
describe the process of architectural composition consequences in developing a formal language
of space to express the characteristics of architectural elements. They consider architectural
objects (exemplifying the architectural “bay”) with respect to three varied meanings: (1) as an
architectural element, (2) as a spatial referent, and (3) as a geometrical representation.
Conclusion and further questions
Investigations of the formation and description of architectural space provide the common ground
of the contributors’ conceptions and their relation to spatial, visual, and semantic languages. The
syntax of natural language, as a system of rules, networks, and interdependences reflects the
multifaceted conceptions of our world. Language is capable of dealing with a wide-open dynamic
world rather than with a fixed, static structure. With this in mind architectural design can be
understood as a set of tools both to define and to redefine space. Due to this grammatical system
architects have the opportunity to create new buildings that have not been designed or realized
before. The theory of architectural design provides a great repertoire of spatial, functional, and
formal components as well as principles of how to combine and to connect them.
We can categorize the spatial concepts discussed at the workshop into three research areas: (1)
the process of architectural design, (2) the process of exploring built environments, and (3) the
process of analyzing designed environments. Each of the points is interlinked and outlines cyclic
patterns of varied processes with respect to spatial concepts of architectural design.

(1) The process of architectural design: Yates, Hillier, as well as Borillo and Goulette highlight
the origin of architectural space and investigate the practice of architectural design with
respect to computer modeling programs. They discuss in which terms buildings can be
planned – “from inside or from outside” (Yates), how buildings can be understood – as
“objects or as urban texture” (Yates) or how one can exemplify the process of architectural
composition (Borillo and Goulette). Using space syntax as methodical instrument to analyze
spatial configurations (Hillier) they provide architectural design processes by verifying and
proofing them syntactically. The following questions have to be discussed with respect to
their spatial concepts:
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•

•
•
•
•

Is there a common ground between the ways in which we construct built
environments in terms of their metrical, geometrical, and topological properties, and
the ways in which we cognize them?
What precisely is the relationship between language as a medium and language as
cognitive process?
How can one describe the relationship between mereologic and cognitive spatial
relations with respect to characteristics of architectural space?
What is the connection between the characteristics of “architectural element”,
“spatial referent” and “geometrical representation”?
What are the characteristics of conceptualizing space using computer modeling
programs in architectural design processes?

(2) The process of exploring built environments: Hillier and Hirtle research the interaction with
built environments and describe the process of understanding and learning spatial settings by
navigating within. On the one hand there is a focus on how spatial dimensions are changing
when entering a building and how visual, spatial, and semantic languages can describe
architectural space (Hirtle), on the other hand there is a highlight on which spatial factors are
significant for learning spatial layouts (Hillier) when exploring it bit by bit. The following
questions have to be discussed with respect to their spatial concepts:
•
•
•
•
•
•

Is spatial cognition at the individual level acting as an intervening variable between
environment and the behaviors we observe?
If so, in what way have configurational properties been captured and how might this
relate to syntactic representations?
What are the common aspects of visual, spatial, and semantic representations of
space and what are the distinguishing features?
How can one define the interrelation between visual, spatial, and semantic languages
with respect to the process of exploring designed environments?
How can one integrate the spatial languages of the existing multimedia navigation
tool in current architectural design processes in a helpful way?
How can one describe a building or an architectural structure and its environment
using spatial, visual, and semantic language and with which spatial information one
is operating when exploring architectural space?

(3) The process of analyzing designed environments: Hillier and Yates discuss the process of
analyzing urban structures with respect to diverse backgrounds. Urban spaces can be
examined historically by theories of architectural design (Yates) or mathematically from a
syntactic point of view by measuring movement flows or axial spaces (Hillier). The following
questions have to be discussed with respect to their the spatial concepts:
•
•

•

Is architectural space defined as “object” or as “texture” and which of these spatial
typologies is adequately defining “urban spaces”?
How is the interrelation between “inside” and “outside” of a building in respect to its
design process?
To what extent is a circus tent an adequate metaphor for the problem of architectural
space?
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WHAT IT LOOKS LIKE FROM HERE – questions and conjectures about spatial cognition from a ‘syntactic’
point of view
Bill Hillier
Bartlett School of Graduate Studies
University College London
Gower Street
London WC1E 6BT
U.K.
+44 (0) 207 679 1739 direct line
+44 (0) 7711 003 593 mobile
e-mail: b.hillier@ucl.ac.uk
www.spacesyntax.org/, .net, or .com
Keynote address to the Workshop on Mental Conceptions of Emergent Spaces in Architectural Design, MIT, 18th July
2004
‘As we find out more about places, routes and layouts, there will be a need to re-examine existing theories of
environmental knowing, the spatial components of theories of development, and theories of the cognitive structuring of
information. As we learn more about human understanding and use of space, it is apparent that spatial knowledge has
a unique character that is not necessarily well described by existing theories or models of learning and understanding’
- Golledge 1992
‘One remarkable feat of the human mind is to conceive of some large spaces as integrated wholes rather than
piecemeal as they are experienced.’ – Tversky 2003
ABSTRACT
Configurations are simultaneously existing relations. How we understand them is a problem common to cognitive
science and architecture. Space syntax, which is a set of techniques for the analysis of spatial configuration, has over
the years produced a body of findings correlating the formal properties of configurations to observed human
behaviour. Although most or these correlations are with behaviour at the aggregate level, and so at one remove from
cognition at the individual level, the results do raises the question as to how far a human ability to read formal aspects
of configuration may have acted as an intervening variable between environment and behaviour. To the extent that it
has, it would suggest some kind of generic formal dimension to the human ability to cognise spatial configurations. In
this paper, three kinds of evidence are presented showing different aspects of the relation between the formal
properties of spatial configurations and human behaviour. The first is about how we deal with simultaneous relations
in our immediate ambient field, and suggests we have a basic capacity to read the complexes of relations that are
created by everyday behaviour in a configurational way. The second suggests that in more complex configurations,
linear or near linear relations seem to play a central role in building a picture of configurations which cannot be
experienced simultaneously. In the third we show how linear or near-linear elements in geometric and topological
relations seem to form the basis of how we navigate in urban space. Finally we draw all three together and ask: is
there a generic formal dimension to how we cognise spatial configurations, and is this the common ground between the
way we create spatial configurations in the real world through design and the way we understand them.
Keywords: configuration, simultaneous relations, formal, syntax, navigation, spatial knowledge
The problem of spatial configuration
It is commonly held that the spatial knowledge we use in understanding cities and buildings has three main elements:
landmarks, which are visual markers of space, including places; routes, which are remembered paths from origins to
destinations; and maps, which are configurational in the sense that they compose the first two into some kind of
allocentric picture, or ‘survey’. All three are of direct interest to architects and urban designers, but the third,
configuration, is of particular interest, since what architects design and planners plan are spatial configurations, and
how they succeed and fail is often down to how well the spatial configuration fits real patterns of human behaviour.
By configuration, we mean simultaneously existing relations. These can occur in two kinds of conditions: where we
can experience all the relations at once, for example, where we are in a single space, and where we cannot, for example
where we are in a multi-cellular building or urban layout. We can call the first type of space simple, and the latter
complex, and note that to understand a complex space we must link simple spaces into an overall picture of some kind.
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The techniques of space syntax originated as an architectural response to the problem of configuration in complex
spaces of the kind found in buildings and cities. It aimed to develop formal methods to control the configurational
variable in studies of space and behaviour, and so permit the development of better theories for spatial design. In
syntax, space is first represented as a set of geometric elements, such as points, lines, convex spaces, lines or visual
fields, covering a spatial layout. These are then transformed into a graph in which the geometric elements are the nodes,
and relations between elements such as adjacency, intersection or overlap, the links. Measures of the relations of each
node to all others are then calculated to give a picture of the simultaneous relations amongst all nodes for the system,
and coloured up from red through to blue to access that picture to intuition. The values for nodes are then correlated
with observable behaviours at each node, such as movement flows or patterns of functional differentiation (from room
labels in domestic space to land uses in cities,) to see how far relations can be detected between the structure of the
spatial configuration and its functional patterns. Figure 1 illustrates the process.

Figure 1 Left: a space syntax ‘visual integration’ analysis of the Tate Britain Gallery in London, showing, from red to
blue, how easy or difficult it is to get to see the whole gallery from each point; and right: traces of the first ten minutes
of 100 visitors entering the Gallery. The r2 between the two is .68
The twin focus on the real environment ‘out there’ and on aggregate behaviour, of course puts most space syntax
research at one remove from spatial cognition. But its preoccupation with spatial configuration as both an antecedent
and consequence of behaviour, gives it common ground with cognitive science, and ground which is close to the heart
of both. From our side, this enjoins us to great circumspection. We think we know how to describe spatial
configurations as empirical phenomena, and it is a simple matter to correlate them with observable behaviour, but we
have little idea how spatial configurations might constitute cognitive phenomena.
But the regularity with which we find correlations between formally defined configurational properties and human
behaviour has in recent years increasingly led space syntax researchers raise to cognitive questions, not by enquiring
into cognitive mechanisms, which would be beyond our competence, but by asking exactly what it is about spatial
configurations that human behaviour seems to respond to at the individual level. (Peponis 1990, Kim 1999, Haq 1999,
Conroy-Dalton 2001, Penn 2001, Haq & Zimring 2003, Conroy-Dalton 2003, Hillier 2003a, 2003b). Because space
syntax combines geometric representations with topological analysis of relations, much of this work has focused on
these themes. This has brought space syntax much closer to cognitive science and cognitive geography where the
metric, geometric and topological aspects of spatial configurations are already prominent research themes, notably, but
not only, in connection with wayfinding and navigation studies (for example, Golledge 1992, 1995, 1999, Montello
1992, 1997, Maguire, Burgess & O’Keefe 1999, Kuipper 2003, Tversky 2003, Duckham & Kulik, 2003, Hochmair
2004, Restat 2004).
These studies have established many remarkably suggestive phenomena about how people read spatial configurations:
for example, that distance estimates along paths commonly vary with the direction in which the estimate is made, that
we tend to correct slight bends to lines and near right angles to right angles, and that distance estimates tend to increase
the more the route is divisible into visual segments, and so on. But it would be widely agreed that we are far from a
theoretical synthesis which would allow us to understand more fully how the many different features of reality that
contribute to configurational cognition work together, and in particular perhaps how the formal and contingent aspects
of what we experience combine to allows us to understand configurations at the ‘navigational’ level ‘between the body
and the universe’ (Tversky).
I am not a cognitive theorist, and certainly not the person to attempt such a synthesis, but I will in this paper consider
some of the evidence from syntax studies in a theoretical way with a view to showing at a theoretical level ‘what it
looks like from here’, and asking: does it, or can it, make sense in terms of cognitive theories ? I will do this by
reviewing three kinds of evidence from syntax research. First, I will look certain basic capacities we seem to have to
deal with space configurationally by looking at studies of the mathematical nature of space itself, at the level at which it
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seems to be manipulated by individuals. I point to simple laws which govern the emergence of configurational structure
in ambient space through such simple acts as the placing and positioning of objects. Since knowledge of these laws
seems to be implicated in some kinds of everyday spatial behaviour, we ask if people acquire an intuitive feel for these
laws in something like the way we seem to acquire enough ‘intuitive physics’ to throw a ball of paper into a waste
paper basket, perhaps in something like the sense that we acquire enough ‘intuitive physics’ to be able to throw a ball
of paper so that its parabola leads it to fall into a waster paper basket ? We ask whether this might provide a basic
capability to deal with space configurationally. If this were the case, it would suggest that cognition of spatial
configuration in general both responds to and is shaped by certain elementary laws of space.
Second, I move up the spatial scale and look at studies of the spatial factors which seem to be involved in the ways in
which individuals form pictures of complex spatial environments by experiencing them bit by bit through movement.
The studies have posed the question as to why some kinds of layout seem much harder to learn than others, and have
highlighted the presence or absence of linear relations between spaces as a key factor. Changing linear relations, even
marginally, gives rise to changes in the statistical properties of space, and this seems to connect to how ‘intelligible’
people find them. This suggests how geometry may become involved with topology in how we cognise space, and
again suggest a relation between the mathematical properties of space and how we are able to cognise it.
Third, I move up to the scale of the city itself, and the aggregate level of spatial behaviour, and, using a new syntactic
model developed by Iida (Iida & Hillier 2004), which can analyse real spatial configurations in terms of their metric,
geometric and topological properties, suggest that we can distinguish how far people are using metric, geometric and
topological information in moving around in cities. Once again, the evidence points to linearity as fundamental to how
we cognise spatial complexity and that geometry and topology interact in a very specific way in cognising complex
space at the level of the city.
Finally, I review the three kinds of evidence together and ask how far it might be reasonable to see spatial cognition as
a certain kind of discrete geometry, that is, as systems of geometric elements linked into topological patterns within an
overall geometrical framework.
The configurational nature of space itself: configuration and geometry are not the same thing
First, we look at foundations: how spatial configuration emerges in ambient space from the simple act of placing
partitions, objects or boundaries in space and through this we show that geometry and configuration are not the same
thing. Consider for example Figure 2, a line of 8 cells in which we move a partition from centre to edge. If we sum the
areas on either side of the partition, then it is clear that the total is always the same: 8 cells. But configurationally,
things are different. Looking at space configurationally as ‘simultaneous sets of relations’ means that we have to
consider each spatial element, whether point, line, field of view or, in this case, cell, in terms of its relations to all
others. So visibility – how many cells can I see - is a geometric property, but intervisibility – how many cells can see
each other – is a configurational property, and behaves quite differently.
MEAN INTERVISIBILITY FROM ALL POINTS TO ALL OTHERS

Four points see four cells on both sides, so
2(4)2 = 32 or half of the potential for 8 cells
Five points see 5 cells on one side, and three
see three on the other, so 52 + 32 = 34, or
.53125 of the potential
Six see six, and two see two, so 62 + 22 = 40
= .625 of the potential
Seven see seven and one sees one, so72 +
12 = 50 or .71825 of the potential
Eight see eight, so 82 + 02 = 64 or all of
the potential

Figure 2 Unlike area, inter-visibility increases as we move a partition from centre to edge in a line of cells
If we sum how many cells (or points in space, or people evenly distributed in it) can see each other on both sides of the
partition, the total increases as we move the partition towards the edge. For example, when the partition is in the centre,
then on each side 4 cells can see 4 others (counting seeing the home cell), so the total is 2(42) = 32. If we move the
partition one cell to the right, then on one side 5 can see 5, and on the other 3 can see 3, and (52) + (32) = 34, so more
cells can see each other. One more to the right and we have (6 2) + (22) = 40, then (72) + (11) = 50 up to 82 = 64 when
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the partition is flush with the boundary. If we imagine the space evenly occupied by people, then more people can see
each other if, maintaining area constant, we have a large and a small space as opposed to two equal sized spaces.
We call this the squaring effect, and note that it is always present if we consider systems in terms of the relations
between all points and all others. Mathematically it is very simple. When the partition is in the centre, we are in effect
doubling the square of the number of cells, n, on each side. As we move the partition one cell in either direction, the we
are adding the square of n-1 to the square of n+1, and twice the square of a number will always be less than sum of
square of one less and one more. So the simple inequality governing these effects is:
2n2 < (n-1)2 + (n+1)2

(1)

The same effect is found if we consider universal distance in a system, that is the sum of distances from each point to
all others. This can again be illustrated by a simple cell diagram. In Figure 3 we see that the sum of cell distances from
each cell to all others increases as we move a partition from edge to centre, so on average we must travel father in
making trips from cell to cell when the partition is centrally located than when it is peripherally located, because there
are more pairs of cells where a detour is required around the partition. This shows that the more you have a long and
short sequence, as opposed to equal sequences, then the more you benefit from the same squaring effect as with intervisibility and the same equation operates.
INTER-ACCESSIBILITY from all points to all others
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Figure 3The sum of distances from each cell to all others increases as we move the block from edge to centre
This has, by the way, immediate implications for street lengths in urban system, since given the same total sum of street
lengths in a two dimensional network, then a mix of longer and shorter streets will have lower mean trip lengths than of
the streets are all the same length, and this is a universal feature of urban systems (Hillier 2001, Carvalho and Penn
2004). A less obvious corollary is that keeping the total area covered by urban blocks constant, then reducing block size
in the centre of system and increasing it at the edges will lead to shorter mean trips than in a pure orthogonal grid.
Again this is a more or less universal feature of urban systems (Hillier 1999). Figure 4

Figure 4 Mean trip length from each point to all others in four grids. Red means lower trip length, blue greater.
Lowestmean trip length holding plot coverage constant is with small central blocks, which is how towns develop.
So we see then that simple mathematical laws governing the emergence of spatial configuration from the partitioning
of space are pervasively present in the large scale spatial artefacts that human beings make collectively. But we can
also see the same laws operating at the micro-scale of everyday spatial activity. Let us for convenience call the mean
length of shortest paths trips needed to go from each point in a configuration to all others its metric integration value,
and the least number of other points we must go to from a point to see all other points in the system (so a measure of
the visual topology of the system) its visual integration value, and use the ‘DepthMap’ software developed by my
colleague, Alasdair Turner and others (Turner & Penn 1999, Turner et al 2001, Turner 2001) to measure both, and
colour the results, syntax-style, from red for the highest points of integration through to blue for the lowest.
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Figure5 & 6 The effect on metric (left) and visual (right) integration of moving an object from corner to centre
For example, if we move an object in a bounded space from corner to centre, we find that both its metric integration
Figure 5 and its visual integration Figure 6 decrease, though with different distributions, in that metric integration is
strongest in the centre, while visual integration is strongest at edges. We find similar effects from changing the shape of
the object from square to rectangular, Figure 7 with both metric and visual integration are reduced, again with pattern
differences between the two. Shape effects follow the same kind of principle as object location and follow similar
mathematical laws (Hillier 2001). In general, in relatively open spaces, visual integration is better from metrically
segregated location, and vice versa, even before we consider the directionality of vision. If we consider directionality,
the effects are even stronger. For example we see the whole of a room most easily from its most segregated locations,
that is its corners, because the whole room is within a 90 degree angle, while from the centre it is 360.

Figures 7 & 8 The effect of shape changes on metric (left) and visual (right) integration
These emergent configurational effects from the placing and shaping of objects and boundaries do not depend in any
sense on human subjects or the psychology of vision. They are simple real world effects, which happen independent of
human agency. We may decide where to place the object or partition, or how the shape the boundary of the ambient
space, but the configurational effects that emerge from what we do are the outcome of laws which are not of our
making. But this does raise an intriguing possibility. We have seen that evidence of the operation of these laws can be
found in human artefacts like cities. Might we then be aware of these effects and make use of them in manipulating
space for social purposes in general ?
Do we use these laws for manipulating space for social purposes ?
Consider, for example, the following story. A number of people are sitting in armchairs in my daughter’s flat. My two
year old grandson Freddie comes into the room with two balloons attached to weights by two pieces of string about
two and a half feet long, so that the balloons are at about head height for the sitting people. Looking mischievous, he
places the balloons in the centre of the space defined by the armchairs. After a minute or two, thinking Freddie has lost
interest, one of the adults moves the balloons from the centre of the space to the edge. Freddie, looking even more
mischievous, walks over to the balloons and places them back in the centre of the room. Figure 9

Freddie

so he must be
aware of both

so his total
spatial concept is

places balloons

F

and

F

or more
simply

F

F

F

Figure 9 Placing the balloons centrally in the group of people shows the complex pattern of simultaneous relations of
which the child is aware.
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Now the point of this story is that everyone understands intuitively what is going on, including you. But what exactly is
happening ? and what is it we understand ? It seems that at the very least both Freddie and the adults understand that
placing an object centrally causes more visual interference than if it is placed peripherally. In that sense he and we
seem to have a working knowledge of the emergent spatial effects of placing objects, both in terms of his relations to
the talking people, and their relations with each other. In other words, Freddie is aware of two kinds of simultaneous
relations, and his action implies the manipulation of both in placing the balloons. It also implies, of course, that the
simultaneous relations Freddie is aware of has both an allocentric and ego-centric component, since the social meaning
of his action (essentially drawing attention to himself) depends on understanding the spatial relations outside himself
and within the group of adults, as well as his relation to them.
Consider another example from everyday life: the shape of table. Figure 10 Think, for example, of a rectangular table
in terms of the metric and visual integration of their edges. It is clear that visual integration, will be at the ends where
the table is within the narrowest field of view, while metric integration will be maximised at the centre of a long side, at
the cost of a wider field of views. These two facts seem to be involved in the everyday politics of table shapes, with the
ends of tables being used for status (in general in human space status segregates) and visual surveillance, while the
centre side is used for the control of interaction. Thus Margaret Thatcher and Tony Blair sit centre side an elongated
table, while Saddam Hussein sits at the end, as do the duke and duchess in cartoons. When you entertain at home, the
host and hostess usually occupy ends, and your most important or voluable guests centre edge. It depends on what you
want to achieve, but you intuitively know how to achieve it. What you are essentially doing is making use of the simple
laws by which spatial configuration is created by objects.

Figure 10 The politics of table shapes are grounded in the simple mathematics of metric and visual integration
All of the examples we have given deal with configurations arise in simple spaces, that it those in which all or most
relations are simultaneously available. We can then regard the formal issues we have raised as foundation, since tghey
refer to our immediate experience of ambient space. We may then ask: do we then in some sense intuitively acquire
knowledge of these configurational laws of space, to the point where we can exploit them for social purposes, perhaps
in the same way that we acquire enough intuitive physics to throw a dart to hit a board, or enough intuitive probability
to shuffle cards to return them to one of their most probable states of maximum entropy ? This does not seem a far
fetched conjecture, and it might even seem odd if we did not acquire a working knowledge of any spatial laws which
operate so potently in our ambient environment. We can then pose two questions: does our ability to understand spatial
configuration reflect to some degree objective spatial laws governing how configurations emerge from the
manipulation of objects ? and since configurational space is not the same as geometrical space, do people use and
respond to configurational space and its laws ?
Do linear relations play the key role in how we form pictures of complex spaces ?
The second kind of evidence I will review moves on from the simple foundations of configurational knowledge and
looks at how we deal with incipient spatial complexity, defining complexity as situations in which we must see a
system from many points within it to put together a picture of the whole. We focus on spatial situations in which we
seem to be able to learn the whole from the parts, comparing these with others where it seems much more difficult.
Again, we make use of visual integration analysis and the DepthMap software, and again the focus will be on the
relation between spatial cognition and what is happening mathematically in the world ‘out there’.
On the left of Figure 11 is a notional arrangement of blocks with something like the degree of linear continuity between
spaces that we expect in urban space. The visual integration analysis through DepthMap shows an emergent warm
colour pattern which looks a bit like a main street, with side streets and back streets, although of a rather a irregular
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kind. On the right we keep more or less the same blocks but marginally move some to just about block lines of sight –
if effect, we change nothing but the linear relations between some of the spaces (except make minor adjustment to a
few shape to fit them into the pattern). The results of the analysis are shown on the same scale. The differences between
left to right are dramatic. Not only is there a substantial loss of visual integration (as can be seen by the disappearance
of red in the right case), but also the pattern is totally transformed, with little in the way of continuous structure. We
seem to have lost structure as well as integration.

Figure 11 Visual integration analysis, on the same scale, of two similar block layouts, but on the left blocks are
arranged to allow lines of sight between spaces, while on the right many are blocked. The right case loses
structure as well as integration
A further outcome of these marginal changes in linearity is shown in Figure 12. These are scattergrams of the
relationship between the size of the visual field from each point and the visual integration value, so in effect indexing
the relation between what you see at any point, and what information this gives you about the system as a whole, most
of which of course you can’t see. We call this the intelligibility of the system. (Hillier 1996) The difference is dramatic.
The r2 for the intelligible system on the left is .714, that of the unintelligible system on the right .267. Small changes in
linearity, it seems, without any other changes, make a very large difference to the relations between the local and global
properties of the system.
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Figure 12 Scattergram of the relations between visual field, which can be seen from each point, and visual integration,
which cannot be seen. The r2 for the ‘intelligible’ system (left) is .714, for the ‘unintelligible (right) .267.
We explore this further in Figure 13 in which, using the ‘agent’ facility in Turner’s DepthMap software (Turner &
Penn, 2002), we see the traces of 10000 sighted agents with 170 degrees of vision, who select a point within their field
of view randomly, move towards it three pixels and the repeat the process. Even with the sight and distance parameters
set close to randomness (in that vision is diffuse rather than focused and distance between destination selections are
short) the results are strikingly different. In the left side intelligible case the highest density of trances follows the space
structure to a remarkable degree, while in the right side unintellgible case, it spirals all over the system, reflecting the
local scaling of spaces rather than overall configuration of space. Agent movement, then, is powerfully affected by
small changes which de-linearise the spatial pattern. Similar effects are found if we vary the angle of vision and length
of movement. The effect reflects a difference in the spatial configfuration, rather than in the capacities of the agents.
These effects are interesting, but of course agents are not human. However, a recent PhD student, Ruth Conroy-Dalton,
created 3D s worlds with the same kind of differences between layout in that one, on the left in Figure 14 was a fairly
linearised, though, ‘organic’, arrangement of blocks, and the other, on the right, shifted the block slightly to break
linear connections between spaces, with nothing else changed. (Conory-Dalton 2001) Dalton-Conroy asked subjects
using headsets to navigate from the centre left hand edge to the monument main space mid right and back again. The
two worlds had again been analysed for their ‘intelligibility’ (Hillier 1996), and the right hand one was, as expected,
much less ‘intelligible’ than the ‘urban’ one on the left, and so subjects were expected to find its more difficult to
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navigate. The results show how strongly this turned out to be the case. In the intelligible system, most subjects found an
efficient path to the monument and back, and those that did not stayed in the left side of the system. In the unintelligible
system, far fewer subjects found an efficient path, and those that did not wandered all over the system.

Figure 14 Human subjects in immersive world navigate far more efficiently in a layout which has the formal
‘intlligibility’ property (left) than in one (right) which lacks it due to the breaking of linear conncetions.
This interest in measuring intelligibility as a property of real spatial layouts originated in early studies of housing
estates in which the complexity and small scale of layouts seemed to have led to a situation in which, in spite of high
housing densities, space was very poorly used inside the estate. (Hillier et al 1987) Analysis suggested that the estate
lacked internal local-to-global structure to shape movement, with the effect that people moved from their houses to the
edge of the estate as quickly as possible. The degree to which the estate was ‘unintelligible’ in the sense outline seemed
to be the key factor, and this seemed to be a consequence of the lack of a dominant line pattern linking centre to edge.
The questions we then pose are: given that lines are both the simplest and the most global elements in the system, it is
plausible that linear or near-linear relations between spaces are critical to building up a picture of the large scale system
from the experience of its parts ? And do we again find a clear relation between the mathematical properties of space
itself and our ability to cognise it ?
Moving in navigational space
For the third kind of evidence we again move up the scale and look at how we deal with large scale spatial complexity
of the kind we find in cities. First, we must set some background to this work on the nature of urban movement. It has
been known for some time that by representing the street pattern as a network of lines, translating the network into a
graph, and calculating simple measures of accessibility (the topological distance of each line to all others) and choice
(the degree to which each line lie on topologically simplest routes between all pairs of lines) it is common to fund r2
values between .6 and .8 between movement flows along lines and configurational values for single spatial variables
indexing the way in which each line is embedded in the larger scale network. Taken spatial measures conjointly, even
more powerful results can be obtained. (Hillier et al 1987, Peponis et al 1990, Hillier et al 1993, Read 1997, Penn et al
1998) The relation between the formal properties of spatial configuration and movement is so pervasive that it has been
suggested that it is the fundamental link not only between space and behaviour, but between space and society, in that
other relations are in some sense downwind of this core relation. (Hillier 2001a, 2001b)
These results are of course about aggregate human behaviour, and it has always been unclear how far they depend on
individual spatial decisions, and how far they are simply mathematically probable network effects. The results have
never invoked or depended on any explicit hypothesis about spatial cognition, although our critics reasonably argue
that one is assumed, since we say that movement is correlated to topological properties of line networks, and this would
seem to imply that human movers are reading space as a line topology (Steadman 2004, Ratti 2004, Hillier 2004). Our
answer is that this may be the case, but we do not know, since it was not the object of our research to find this out. It
may be, as we have always held possible, that the correlations we find are pure emergent mathematical effects from the
relation between the structure of line networks and movement within them from all points to all others.
Since our critics seem to be unaware of this possibility, and it is vital to the next stage of our argument, so we will
explain it carefully. Consider the notional street network in Figure 15, with a main street, side streets and backstreets.
The colours show, from red to blue, the traces of 10000 Turner agents, again with 170° forward vision randomly
selecting a destination within their field of vision, moving 3 pixels towards it, then randomly selecting another
destination and moving towards that, and so on. The emergent pattern of traces focuses on the central parts of the main
street and the sections of street adjoining. This is in part the product of the agent rules, but we find similar patterns
under many changes to the rules. To a much greater extent, the emergent pattern it is the product of the structure of the
spatial network itself. It is a network effect.
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Figure 15 A notional grid showing near random agent traces as a network effect
We must expect to find similar network effects for rational human movers, although in a more complex way. Human
movement is a matter of selecting a destination from an origin, or to-movement, and passing through spaces on the way
to the destination, or through-movement. If we imagine all the ‘streets’ in our notional grid to be loaded with buildings,
and assume that people will move from all buildings to all others through simplest or shortest paths, it is clear that, as
with the agents, more movement will pass through the ‘main street’ than other streets, and more through the central
sections of the main street than the peripheral sections. The selection of simplest or shortest paths is of course a
cognitive matter, but the emergence of a pattern of through-movement focused on the central sections of the main street
is largely a network effect, due to the structure of the network.
Network effects can also be expected for to-movement, though here the argument is a little more complex, and we must
imagine a larger and richer urban system. From any origin, say, someone’s house, we must expect that over time a
range of trips will be made to various destinations, and these will be a matter of individual decision. But, over time, the
choice of destinations from any origin would be expected to show some degree of statistical preference for closer rather
than more remote destinations – say, by going more often to the local shop than to the concert hall in the middle of
town (it does not have to be that way, but in most cases it probably is). This is no more than an instance of what
geographers have always called distance decay. If there is any degree of distance decay in the choice of destinations,
then it has the formal consequence that locations which are closer to all others in the network, will feature as
destinations more often than those that are more remote – that is, more accessible locations will attract more movement
than less accessible ones simply as a result of their configurational position in the complex as a whole. This bias
towards more accessible locations for to-movement will again be a network effect, due to the configurational structure
of the network, even through it is driven by the accumulation of individual decisions. Any bias towards accessible
locations will also have an effect on through-movement, since routes leading to those locations will be more used, so
any calculations we make of through-movement should reflect this bias. It will also be the case that the longer the trip,
the higher will be the ratio of through movement spaces to the origin destination pair, which of course always remain
constant.
This is no more than a brief sketch of the theoretical and formal framework within which urban movement, insofar as it
is shaped spatially rather than say temporally or by least cost, should be considered but it does cover the essential
points that arise from a consideration of configuration. At the aggregate level of behaviour, then, we must expect
network effects which are both strong and complex. Fortunately, there is a natural mathematical strategy for
measurement of these properties which exactly matches the theoretical framework. The network bias for to-movement
destinations is exactly captured by syntactyic integration (more commonly known as accessibility), which measures
how close or far each location is to or from all others, and the network bias for through movement can be captured by
choice (or ‘betweenness’), which measures how much movement will pass through each location on simplest or
shortest paths from all origins to all destinations. These measures are sometimes conflated or confused (for example
Ratti 2004, Steadman 2004) but is it theoretically and empirically essential that they are kept separate, since their
respective influences on network effects are likely to vary with circumstances, including the type of network and mean
length of trip.
There good topological reasons, then, why integration and choice measures applied to urban layouts considered as line
networks capture a good deal of the logic of urban movement patterns. There are also geometrical reasons. One is the
fact that movement is essentially linear, both in the obvious sense that movement traces a locally one dimensional path,
but also in the sense that in selecting a destination from an origin we first imagine the relation between the two as an
as-the-crow-flies line and then try to use the available network to approximate that line (Golledge 1992). Another is the
fact that in using the line as the geometric element we are reflecting its role in helping us building a picture of global
complexity from local knowledge (as above). It is perhaps then not surprising that in calculating integration and choice
measures on the basis of the line network we are to some degree capturing the network effect from the grid to aggregate
movement patterns.
However, in space syntax, we have always assumed that line topology, although effective, was only an approximation
to something better and more disaggregated that would eventually be found. One reason for this was that it had always
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been clear that, however important the topological structure of space in cities, geometry plays a critical role not only at
the level of the discrete spatial element, but also at the level of the system is put together metrically and geometrically
in terms of line lengths and angles of incidence (Hillier 1999). It is these geometrical properties that seem to be the first
cognitive reference points for the moving individual. We cannot see the spatial structure of the grid from any point
within it. What we see spatially are geometric and metric shapes and rudimentary connections, such as where one street
intersects another. It seemed likely that to the extent that human cognition was a factor in urban movement, then it
would be related to the geometric and metric factors as much as to the topology of connections.
These and others issues have created an increased interest in geometric and metric factors in the space syntax
community. For example, Dalton (2001) and Turner (2001) have both developed configurational analysis models which
weight connections between lines for angular change, and the new WebMap facility for axial analysis designed by
Dalton included this option. More recently a more thoroughgoing upgrade of the syntactic line network analysis has
been created by Iida (Iida and Hillier 2004), in response to need to bring geometric and metric factors into
configurational analysis and also to disaggregate the model to a much finer level of resolution. The question was how
this could be done without losing the linear information which had been the key to the configurational understanding of
urban spatial structure and function.
The Iida SYNTAXA model
In fact this can be done in a very simple and elegant way. We start by making the segment between junctions the basic
element of our analysis rather than the line. Then instead of assigning a value of 1 for each segment to segment
connection, we assign a value between 0 and 1 depending in the angle of connection, with 0 being assigned for a
straight continuation and 1 for a right angle. Lines will then emerge from segments as series of 0-valued adjacent
segments. By summing angular values for all segments up to a certain segment radius, and dividing by the total number
of segments within that radius from each node, we can calculate a measure of angular integration which will both
reflects the linearity of the system but at the same time allow for the degree to which movement from segment to
segment involve a change of direction. Segments can also be weighted by metric length, to see how far metric distance
also acts as a resistance on movement. The model also makes a topological analysis of the least number of changes of
direction that are required, as in the earlier line analysis, but at the level of the segment rather than the line. The
analysis can thus work in a metric way, to calculate shortest paths, in a geometric way to calculate least angle paths,
and in a topological way to calculate fewest turns paths from each segment to all others, and it can apply each to both
accessibility and choice measures. Figure 16 shows an example of least angle analysis applied to the choice measure.

Figure 16 Least angle analysis applied to the choice measure for a section of inner London
We thus have a facility which can take field studies of movement in urban space and assess how far real movement
flows correlate with the three kind of analysis applied to the two kinds of measure. So we took four areas of London –
Barnsbury, Clerkenwell, South Kensington and Brompton Road – for which we have directly observed flows
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VEHICULAR MOVEMENT r2 values for correlations between vehicular flows and shortest path, least angle and fewest
turns analysis applied to accessibility and choice measures. Best correlations are marked *. ‘a’ or ‘c’ for combined
values indicates whether accessibility or choice is dominant. Numbers in brackets indicate best radius for accessibility
measures.
Gates

Measure

Shortest path

Least angle

Fewest turns
.681(12)
.564
.689a

BARNSBURY

116

accessibility
choice
combined

.141(57)
.584
.646c

.692*(87)
.724*
.743*c

CALTHORPE

63

accessibility
choice
combined

.114(84)
.595
.618c

.842*(90)
.778*
.853*a

SOUTH KEN

87

accessibility
choice
combined

.162(90)
.580
.588c

.681(24)
.730*
.760c

.708*(30)
.716
.771*c

BROMPTON

90

accessibility
choice
combined

.095(81)
.484
.492c

.705*(33)
.657*
.739*a

.656(27)
.588
.704a

mean accessibility
mean choice
mean combined

.128
.563
.586

.727
.722
.772

.682
.623
.721

PEDESTRIAN MOVEMENT r2 values for correlations between pedestrian flows and shortest path, least
angle and fewest turns analysis applied to accessibility and choice measures. Best correlations are marked
*. ‘a’ or ‘c’ for combined multiple values indicates whether accessibility or choice is dominant. Numbers
in brackets indicate best radius for accessibility measures.
Gates

Measure

Shortest path

Least angle

Fewest turns
.693(12)
.572
.700a

BARNSBURY

117

accessibility
choice
combined

.169(57)
.580
.597

.711(21)*
.712*
.746c*

CALTHORPE

63

accessibility
choice
combined

.114(15)
.440
.534

.586*(39)
.552*
.615*a

SOUTH KEN

87

accessibility
choice
combined

.166(90)
.342
.383c

.561*(21)
.480
.589(a)

.551(15)
.540*
.615*a

BROMPTON

90

accessibility
choice
combined

.124(78)
.470
.501c

.626*(66)
.528*
.644*a

.587
.540
.640a

mean accessibility
mean choice
mean combined

.143
.458
.471

.621*
.568*
.649*

.610
.551
.652
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throughout the working day for 356 segments. The analysis of this data using synactic line analysis was reported in
(Penn et al 1998). Two of the areas were chosen to pose problems for configurational analysis through the presence of
large scale ‘attractors’ at or near their centres: the South Kensington area, with several major museums and a tube
station serving them, and the Brompton area with Harrods, London’s largest and most successful department store.
Each of the four areas was analysed in a 3.5kn radius context. For each area we thus have 12 possible correlations:
accessibility and choice measures, each analysed on the basis of shortest, least angle and fewest turn paths from all
segments to all others, and each combination applied to both vehicular and pedestrian movement.
The results for vehicular movement are given in TABLE 1 and those for pedestrian movement in TABLE 2. (NB One
set of data, the fewest turns analysis of Clerkenwell, is still being computed but will be available at the Workshop).
The results are remarkable both for their consistency and for the story they tell. But before discussing them, one thing
must be made clear. As Figure 16 shows, shortest path analysis cannot be applied to accessibility measures without
absurdity, since any weighting of elements by lengths will automatically lead to the highest accessibility being found
in the geometric centre, with a smooth decline to lowest at the edges.

Figure 16 Metric accessibility (integration) analysis showing that weighting an accessibility measure for distance will
always produce a concentric pattern, focused on an arbitrary point defined by the boundary selection, rather than
reflecting the configurational structureof the street network
The result is of course that, as the tables show, there is very little correlation between metric accessibility and
movement. Space syntax is constantly being advised that that its configurational measures would automatically
increase their predictive power if they were weighted for metric length, or shortest paths. As can be clearly seen, the
effect would be the opposite.
But although metricity cannot be applied to accessibility measures without absurdity, they certainly can be to choice
measures, and this is in effect what most movement models do insofar as the models are concerned with spatial
configuration, as opposed to temporal and cost factors. The question is: is this what they should be doing. The answer
is clearly shown in Tables 1 and 2: they should not. In all cases, for both vehicular and pedestrian movement choice
measures calculated on the basis of least angle paths, with a mean of .722 for vehicles and .621 for pedestrians, are
substantially better than for shortest paths, where the mean for vehicles is .563 and that for pedestrians .468. In all but
two cases, where they are broadly comparable, choice measures calculated on the basis of fewest turns are also
substantially better than the shortest path versions, with an average of .623 for vehicles and .551 for pedestrians.
In addition to this, least angle accessibility measures are even better than least angle choice measures in all cases for
pedestrian movement (which may itself be a significant finding) and in half the case for vehicular, with an average of
.727 for vehicles and .621 for pedestrians. For the less good fewest turns analysis, in all cases bar one where it is
virtually the same, accessibility measures are better than choice measures for both vehicles and pedestrians. We should
also perhaps add something that is not in the table: that although in most cases least angle analysis improves on the
earlier topological line accessibility (which has been the space syntax urban workhorse for some years) in two of the
vehicular movement cases the contrary is the case, and line topology accessibility is best. This may, however, be due to
the much larger reference system that was used in earlier studies, which normally leads to better correlations.
These results are very bad for shortest paths as predictors of movement. But in fact all is lost for metric distance. With
remarkable consistency across the four areas, we find that retail is located on line segments with are shorter than
average but form parts of lines which are significantly longer than average. This, coupled to the lower levels of
correlation between metric configuration and movement, suggests that metric factors are operating locally, perhaps up
to the scale and level of complexity at which we can effectively cognise distance, but not globally. Above a certain
scale or complexity threshold the picture of space seems to become largely ‘topo-geometric’.
These results seem quite remarkable both in their consistency and in the story they tell. They do not constitute
direct evidence of cognitive behaviour, of course, but it is difficult to see how they can be interpreted other than as
evidence that people are selecting routes first and foremost on least angle, or geometrical, criteria and secondarily on
fewest turns, or topological, criteria, rather than on the basis of the metric criteria which are still used in most
movement models. More importantly, it is clear that what we are finding here is evidence of how the larger scale of the
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urban system is being cognised. That this is so can be demonstrated unequivocally by comparing the predictive
performance of the global measures in the table, which index for each line segment its metric, least and fewest turns
distance from all other segments in the 3.5km radius system, and so cannot be anything but global measures, to that of
local measures of spatial properties such as segment length, line length, and line connectivity. In all cases, the
correlations between these local properties and movement rates are poorer than those for the global configurational
measures.
How, then, should these results be interpreted. I suggest that we are seeing, over and above whatever network effects
there are in the system, the clear intervention of cognitive factors. While it is reasonable to expect that network effects
could be found however we measured the global properties of the system, it is hard to see how the clear differentiation
we find between the three ways of measuring distance can reflect a network effect. It must surely result from how
people in general are cognising the system and taking navigational decisions in the light of that cognition. Moreover,
the high level of most of the correlations, which, it must be recalled, are for single spatial variables, suggest that people
are making quite competent judgements about the overall spatial configuration of the system. It goes without saying, of
course, that these powerful results from configuration are without any reference to landmarks, land uses, or any of the
other factors that are frequently invoked as being the causes of movement, and the fact that the same prioritisation is
found for both pedestrian and vehicular movement is surely further evidence of the priority of spatial decision-taking
over temporal or cost decisions in most urban movement.
Discussion
What conclusions can we draw then from these three sets of results ? In the first, we saw evidence of a certain basic
capability to deal with complexes of relations in configurational way, in terms or the simultaneous relations of many
things or locations with each other, and this suggested a relation between the ways things are mathematically ‘out
there’, and the ways we cognise the effects of spatial manoeuvres. In the second, I showed how linear, and therefore
more geometric relations, became involved in the relational topology of complex spaces. Again we found suggestive
relations between the formal properties of real world spatial configurations, and the ways in which we seem to respond
cognitively. In the third, I showed how navigation in urban space seems unambiguously to be based on the real
geometrical and topological properties of urban configurations, with linear or near-linear relations playing a dominant
role, and metric factors confined to the more local scale. Again this suggests an intriguing rapport between the real
world as we make it, and the way in which we cognise it.
Taken together, they results do seem to imply first that our ability to read the formal properties of spatial configurations
is greater than has been supposed, that it has less dependence on visual markers than has been thought, and that this
formal ability suggests an interaction between geometric and topological factors of the kind we are familiar with in
discrete geometry (Goodman & O’Rourke 1997) and in the methods of space syntax. I suggested in an earlier paper
that the geometrical and topological picture of our navigational environment that we acquire is subject to an
O’Keefeian correction in the direction of greater regularity and order than it actually has, so that the source of our
understanding of navigational space is also a course of many of the typical errors that we make in navigating it
(O’Keefe & Nadel, 1978), particularly in failing to reconcile geometric and topological patterns in finding shortest
paths. This is entirely compatible with what has been outlined here, but the third set of results does suggest a
considerable human competence in using geometrical and topological information to navigate in urban space. We
might even suggest that the geometrical and the topological are connected to each other in something like the way they
are in syntax, with geometry anchoring the human subject to the system and topology anchoring the larger scale
emergent properties of the system itself. If the original object of space syntax was ‘to find out what we already knew’
in making our spatial environments they way we do, and in behaving in them accordingly, then it seems that the mix of
geometry and topology initially set out as the basis of its methods may have been on the right lines, and that its
preference for formal analysis over a more mixed methodology may in time be vindicated.
If the formal aspect of our cognitive ability does turn out to be stronger than we thought, we might ask where it comes
from ? We can only speculate, but it seems reasonable to suppose that the ability to deal competently and quickly with
simultaneous spatial relations must always have been critical to our survival, and indeed to the survival of any discrete
being. One might even suggest that configurational competence is a fundamental skill of a discrete being, since such a
being must always be negotiating its relation to other similar discrete, and similarly mobile, beings, and to a great deal
else in the ambient world besides. In these circumstances, we must expect an ability to read and respond to spatial
configuration to be built into our cognitive abilities at a very deep level, and that it would in key respects, mirror the
ways in which the world actually behaves under our manipulations of it.
The strongest evidence that this might be the case may also be the most basic: the fact that the worlds that human
beings make of settlements and cities is constructed out of concrete entities organised into abstract relational systems,
and that while the concrete side of things is handled through our conscious mind, the relational aspect is largely
handled at the unconscious, autonomic level. Language works in a comparable way. We are conscious of the words we
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use and hear, but not of the syntactic and semantic rules by which we order these into meaningful sentences. Space
seems to be the same kind of thing, so that in investigating the way in which we construct our spatial world and behave
in it, we may also find we are studying the foundations of our spatial cognition. If this is the case, then we should not
be surprised if it turns out to be founded on some generic formal capability, which is common both in the nature of
space itself and the ways we cognise it.
bh
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MULTIMEDIA FOR NAVIGATION AND DESIGN
STEPHEN C. HIRTLE
University of Pittsburgh, USA

This paper presents a locational information broker for navigating a
college campus. It is shown how the system can be improved
through the use of yoked images, maps and verbal directions. In
addition, issues of scale and the inherent dichotomy between interior
and exterior spaces can be addressed in the interactive system.
Finally, implications for the theory of space and architecture are
discussed.

A primary cognitive issue for architectural design is the interplay between
scale and modality. That is, understanding structural designs requires both
an understanding of both the outside of a building, including how it fits
into the larger neighborhood space, and the inside of a building, including
how one interacts with internal spaces. In both cases, there is a spatial,
visual and semantic language, which can be used to describe the building
and its environment. However, the role of these kinds of information is
fundamentally different, even at these two scales.
The representation of space from the point of view of cognitive
psychology is inherently complex. Barbara Tversky (1993) has coined a
"cognitive collage," in contrast to cognitive map, to describe a person’s
spatial knowledge. The collage is collection of partial bits of multimedia
knowledge. Inherent within this collage is the ability to extract slices of
information sources, such as visual cues, route information or linguistic
labels. The collage necessarily operates at multiple levels, allowing one,
for example, to discuss and plan a route, using a highway system or
neighborhood streets with equal ease.
In our lab, we have been focused on the role of maps, images and
textual descriptions for navigation (Hirtle & Sorrows 1998). We have
built a locational information broker, which directs you to the
appropriate building on campus and directs you through the building t o
the appropriate room. At each stage, users are presented with maps,
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Fig. 1. Example screen from the Library Locator (LibLoc) showing exterior maps,
image and text in a yoked system.

images and a textual description, which are used to generate a rich
context for increasing the spatial knowledge of the campus.
The Library Locator (LibLoc) system is a web-based browser that was
designed to locate satellite libraries on the University of Pittsburgh
campus (Hirtle and Sorrows, 1998). There are 17 small libraries on the
campus and while most students would be familiar with a few of library
locations, many of library locations are not well known. Furthermore,
many satellite libraries are located in isolated locations deep inside an
academic building. The system consists of four frames as shown in Figure
1 and 2, based on earlier work of Masui, Minakuchi, Borden and
Kashiwagi (1995). The upper-left quadrant is the spatial frame that
contains a map of the campus, a 2D floor plan, or a 3D schematic of the
building. The upper-right quadrant shows a key image or sequenced
image, such as the front door of the target building or the inside of the
library. The lower-right quadrant gives verbal instructions as to the
location of the library and the lower-left window provides instructions for
the use of the system. All information is presented in a structured,
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Fig. 2. Example screen from the Library Locator (LibLoc) showing interior
maps, image and text in a yoked system.

hierarchical manner, to allow users to explore within buildings, as well as
around the campus, with equal ease.1
Recent user studies with the LibLoc system have suggested that the
system is beneficial to increasing the increasing the spatial knowledge of
the campus. Twenty students from the campus were asked about their
knowledge of libraries on campus, using a 9-point scale, where 1 indicated
no knowledge of the location. For eight of the relatively unknown
libraries, ratings of the ability to find the library increase from an average
of 3.66 to 7.44 after using the system. An additional ten subjects, who
used the system and then were set out to find eight libraries on campus,
were able to easily find all the libraries without difficulty, despite not
having a map or guidance system with them. Finally, in both studies,
subjects were selectively only shown images for half of the libraries.
There was small, but systematic difference, in their confidence to find
libraries, with images increasing the confidence level by 0.43.
The LibLoc system is designed to identify the knowledge base of the
user and provide cues geared to that kind of user. In terms of expertnovice differences, two levels of expertise are introduced by this
1

A similar approach can be seen in many of the online
virtual campus tours (e.g.,
http://www.news.harvard.edu/tour/qtvr_tour/)
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framework. That is, users can be classified as experts either in terms of
their experience with cartographic materials or in terms their experience
with the physical space. While all users felt campus maps were useful,
they reported mixed preferences for images, interior maps, and verbal
directions, with roughly a third of the users reporting preference for each
of these kinds of information. There was also some frustration reported
in the cases where images were not present, which was due to the factorial
experimental design and not a feature of the interface.
One’s ability to navigate through space is multifaceted (Golledge,
1999). Systems such as Mapquest generally fail to give local landmarks
or visual cues in generating descriptions, as opposed to human-generated
directions (Dale, Geldof, & Prost, 2002, Winter, Raubal, & Nothegger,
2004). Yet, the ability to display images, maps, and text in dynamic
displays allows one to provide complex directions with new clarity and
precision (Tufte, 1997). This can be done while providing a context and
overview, which many virtual reality systems lack.
Finally, it is possible to consider the information content of building
itself (Borgmann 1999) with history and context being encoded as part of
the language of a building. From Borgmann’s thesis, a building’s content
is not devoid of its material, construction, age, and so forth, but instead
embraces the its richness. To navigate around a major landmark, as if it
were any other building in the space, denies the richness of the landscape.
The graphic designers of the University of Pittsburgh understood the
importance of landmarks by choosing to represent the Cathedral of
Learning, a prominent 42-story building in the center of the campus, as
the only building in three dimensions on the campus map (see Figure 1).
Portugali (1996) has argued that such emergent properties of space
should be considered in the design process, as the perception of space
depends on the environment, which in turn directs further attention t o
the aspects of the environment that are perceived to be important. Good
design can capture these qualities, but even in cases where design is
lacking, information brokers and appropriate modifications to the
environment itself, such as signage, can greatly improve navigability
(Raubal and Worboys, 1999).
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Inside the Circus Tent: the Predicament of Space
by Penny Yates, Architect, New York, NY and Adjunct Instructor, New Jersey School of Architecture
In 1977 Colin Rowe and Fred Koetter wrote an essay entitled “Crisis of the Object: the Predicament of
Texture.”1 Their intent was to reinvigorate the integrity of urban “space” by analyzing how it was made.
They put forth the observation that the built environment broadly comprised two typologies. First, there
was the building as “object,” generally freestanding , and generally represented on the oblique in three
dimensional drawings in order to reveal the building’s mass. The second typology they labeled “texture.”
This refers to the primary facade of a building, that, by design or de facto, joins with other building facades
to create continuous surfaces, or edges, the principal result of which is the creation of an urban space, a kind
of “urban room. At the time many cultural historians and architects as well, believed that Modernism had
degenerated to the endless proliferation of “boring glass boxes.” Rowe and Koetter did not wish to dismiss
the architectural object, rather they did not want the pursuit of the architectural object to overshadow the
designer’s interest in producing occupiable, bounded “space.” By demonstrating the trans-historical
presence of the legible, though not necessarily figural, spatial void formed by the texture of urban
construction, they hoped to show, as had Robert Venturi almost ten years earlier in Complexity and
Contradiction, that “space” was a property of architectural design, unrelated to style.
Some of the 20th century’s greatest architects have stressed their belief in the primacy of the spatial idea.
In explaining his idea of “organic” architecture, Frank Lloyd Wright said that architecture should create a
spatial continuity from inside to out.2 Le Corbusier wrote in Toward a New Architecture that “the plan
proceeds from within to without.”3 Almost all of Louis Kahn’s work is based on the combinations of
identical elements that describe formal (figural) spaces that serve mutiple functions at multiple scales.
Gabriela Goldschmidt and Ekaterina Klevitsky in their essay “Graphic Representation as Reconstructive
Memory” quote James Stirling as saying: “I never think of a design as being conceived from the outside; on
the contrary, all of our designs are conceived following the sequence of entry and going through primary
movement.”4 They go on to show images of “worm’s eye” axonometric views adapted by Stirling’s office to
represent these concepts because the showed “the essentials (and only the essentials) of the relationship
between form, space and movement.”5
Bruno Zevi in his influential post-World War II book Architecture as Space was as responsible as anyone
for the denotation of the term space as used in architectural criticism the second half of the 20th century.6 He
helped to revive the reputation of Frank Lloyd Wright by describing the spatial concepts in his organic
architecture. But by 1995 Kenneth Frampton would write:
Space has since become such an integral part of our thinking about architecture that we are
practically incapable of thinking about it at all without putting our main emphasis on the
spatial displacement of the subject in time. This quintessentially modern viewpoint has
clearly underlain innumerable texts treating the intrinsic nature of modern architecture,
ranging from Sigfried Giedion’s Space, Time and Architecture of 1941 to Cornelis van de
Ven’s Space in Architecture of 1978. As van de Ven shows, the idea of space established a
new concept that not only overcame eclecticism through a relativizing of style, but also
gave priority to the spatio-plastic unity of interior and exterior space....7
Can we use the term in the same way today?
I would propose to look first at the reciprocal relationship between the means of representation and
design methodology. Whenever the design of “space” is a motivating goal, one will observe, I maintain,
that the principal drawing that is used to represent “space” is the orthographic plan. The principal drawing
that is used to represent the object is the elevation, exterior perspective, or in the 20th century the “bird’s
eye” axonometric. In the 19th century, architects trained at the Beaux Arts and similar academies were
taught to design elaborate plans based on the assembly of figural geometries.
Although 20th century architects have been much less rigidly dependent on figural geometry in creating
plans, there has always been a residual reliance on the plan to verify the spatial qualities of the design.
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Today, digital technologies are offering so many alternative means of representation to architects, that the
hegemony of the plan has almost totally disappeared. What kinds of representations are taking its place and
what does this mean for the current state of design methodology? Based on my observations as a design
studio critic in the Graduate Program at New Jersey School of Architecture, as well as a continued informal
monitoring of recent architectural publications, I would maintain that the design of the object is the predicate
for the design of space. The architectural object in current practice is no longer restricted to a prismatic box
(although certain practitioners are seeking to reinstate such forms for their minimalist qualities). Explorations
into the design of architectural objects mine many disciplines for inspiration and are aided and abetted by
the power of computer programs, not all of which are intended to be used solely for design.
Why is this happening? One reason is that many three-dimensional computer design programs allow
real-time alterations to the orthographic representations (plan, section, elevation) when the three-dimensional
object is manipulated. Thus, these drawings, by default, may virtually end up designing themselves in the
computer program.
Another reason is a near paradigm shift to interest in surface instead of interest in space. Alicia Imperiale
in her book New Flatness: Surface Tension in Digital Architecture attributes much of this to the shift in
interest from Derridean deconstruction to “the Deleuzian focus on smooth space, seriality and dynamic
processes.”8 The reference is primarily to Gilles Deleuze’s book The Fold: Leibniz and the Baroque.
Imperiale’s book is a survey of architects whose work explores the potential of digital technologies,
especially three-dimensional and time-based computer programs. This is not a survey of how architects use
computer programs to render their designs, but rather how they use them to conceptualize their designs: it is
about the design process. Imperiale’s descriptions of these processes are based on extensive interviews and
images offered by the practitioners themselves.
Although Imperiale does not state this explicitly, the common theme is the potential for aleatory results,
i.e. there is no preconceived notion about what will be discovered by chance in these digital operations.
The results of these processes are pre-dominantly objects. Whether they are blobs or prismatic boxes, the
focus is entirely on the surface, whether exterior or interior. Within these projects there may be space that is
occupiable, but there is a notable absence in of the term “space” in the descriptions of these practices,
especially as the term was used ubiquitously only a decade earlier. When the term is used, one finds
statements such as “a new idea about space will be achieved,” with no further explication, or “in the space
of the computer.” “Space” as a meaningful architectural void has become irrelevant.
The objects created by these architects, aided and abetted by advanced technologies that allow one, as
Greg Lynn has said, “to sketch with calculus for the first time,”9 are indeed fascinating, but despite claims of
being program-based in some instances, it is not clear how many of these objects will be made to
accommodate the functional requirements of a built work of architecture.
While certain objects may, in some instances, produce wonderfully spatial interiors, they rarely have an
immanent capacity to provide the functional spaces required by the architectural program. Furthermore,
without adding other considerations, the interior of the object is simply the inverse of its exterior – a skin
having the same thickness everywhere. The circus tent is an example of a simple architectural “object.” The
thin “skin” of canvas creates a cylindrical volume with a flattened conical top. We know, of course, that this
shape is largely due to the structural forces of the canvas in tension. We also know exactly what the interior
looks like: it is the other side of that “skin.” But neither its tensile nor its temporary properties are about
making space other than the one it provides for entertainment in the round. What would happen if an
architect were given a program to insert within the circus tent a department, store, or a school, or, perhaps a
library? How would one begin to divide up the space? Is it even possible to do so?
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A quite sophisticated example of how this may in fact be accomplished is the newly opened Central
Library in Seattle, designed by Rem Koolhaas/OMA. The building received immediate critical acclaim from
both Herbert Muschamp of The New York Times10 and Paul Goldberger of The New Yorker11 for its
sensitivity to its urban site as well as to programmatic issues, especially its innovative approach to public
access to open library stacks. However, it is almost impossible to avoid remarking first on its uniqueness as
an architectural object, comprised as it is of folded surfaces, different on all sides. It is an object that would
be nearly impossible to conceive (or to build) using traditional two-dimensional, orthographic drawings.

How is the program inserted into this object? A set of diagrams published in Muschamp’s article in The
New York Times clarifies Koolhaas’s process for accomplishing this. They show that Koolhaas’ solution was
substantially program-based. The Client’s functional requirements were itemized and then analyzed.
Relationships were established and quantified. The resulting blocks were distributed vertically in a sectional
diagram (as opposed to the “bubble diagram” which is so often translated into horizontal relationships.) 12
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The diagram was then literally transcribed into mass, or, one might say, a series of objects, vertically
displaced into trays, or plateaus. The skin of the building, which, like the circus tent, has no conceptual
thickness, occasionally comes into contact with these masses, but is mostly held apart from them.
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What then of space? While certainly there are secondary spatial conditions within the programmatic
plateaus, the space that the critics find so appealing, is the space that is captured in between the skin of the
object and the mass of the program. It is the leftover space between the folded surfaces of the volume inside
the object and the trays inserted within it. It is both vertical and horizontal, but it is residual not figural. In
effect the space was not “designed,” as it was so carefully in modern and post-modern architecture. It is
aleatory, and, therefore, can never be thought of as derivative or even transformed from some earlier idea or
type or memory of space.
Not included, or at least not published, were images of the internal spaces. I will speculate that “views”
of this space, or spaces, were never drawn in the conceptual stage of the process. There are probably a
multitude of “views” that would make interesting renderings, and they probably could be easily produced
from the three-dimensional computer model. But , and again I speculate, these views were not conceived
with any specificity by the architect. Koolhaas knew that this methodology of capturing undefined space
between the skin and the vertically arranged masses would undoubtedly produce some remarkable views,
but they are not deliberate. Rather, these views exist abstractly, and lie in waiting in order to be reified by
the visiting viewer.
Although, we cannot know Koolhaas’s full process (and there was certainly more involved than this
simple description), he choose to offer this narrative of the process for public consumption. The similarities
between the Muschamp and the Goldberger articles make it clear that they were working off the same press
packet. A central feature of Koolhaas’ solution to the client’s programmatic requirements is the “Book Spiral”
that occupies the largest of the five plateaus. It is a continuous, four-level ramp intended to permit most of
the library’s collection to be laid out continuously in open, accessible stacks.
It is useful to compare Koolhaas’s library to another library designed well over a decade earlier by
Steven Holl. Regarding his competition entry for the Berlin Library in 1988, Holl states that, “the design
extends the philosophical position of the open stack – the unobstructed meeting of the reader and the
book–by organizing the offerings along a browsing circuit.”13 Holl’s intentions were clearly similar to those
of Koolhaas. But his solution was quite different in terms of spatial definition. As the two images below
reveal, the continuous circulation route providing access to the book stacks that is so central to both
schemes, is used in Holl’s project to connect a series of discrete spaces. The physical mass which may
normally be expected to separate these spaces is largely removed so the perceptual effect form one direction
is to see the path all the way to its distant conclusion as it passes through the series of spaces. From the
other direction, the series of spaces is still visible, but the path for the most part is concealed; it is necessary
to discover the route that gets one from one space to the next.
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In another project from 1986 Holl speaks of his design process in a way that indicates that he had
already been searching for a way of designing that was not generated by the design of the plan.
The strategy used reverses the usual method of design in architecture (from plan to section,
elevation, perspectival space). Instead, perspective sketches of spatial conditions are cast
backward into plan fragments, which are then reconciled in an overall layout.14
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The differences between the generative intentions of these two architects and their tools of
representation is instructive. Koolhaas’ strategy is based on the juxtaposition of program and the abstract
design of an object. Digital technologies serve these strategies well, as there are a multitude of computer
programs that can aid and even contribute to the design of the object. The design of space is no longer a
primary goal.
Holl’s strategy is based on phenomenal considerations. The design of space is key to the richness of the
perception. Although I am sure that Holl, like most other currently practicing architects, uses digital
technologies for all other aspects of his practice, these technologies still do not have the capability to
generate designs perceptually. To my knowledge there still does not exist a three-dimensional computer
program that can produce a drawing such as Holl’s perspective sketches without returning to another point
of view, either orthographic or axonometric to add the objects in view. In other words, the computer can
still not emulate the use of simple tracing paper overlays to aid the thought process in developing perceptual
approaches to the design of architecture.
As computer technology races towards the intersection of production with the new emphasis on
computer- aided modeling and parametrics, we are told that we will soon be building from the models
created in our computers. There is not yet a parametric version of architectural space as we have known and
used it in the 20th century. These new developments may render space a useless concept.
Nevertheless, I would argue with those who invoke Gilles Deleuze as their muse by using such
keywords as “folding” and “continuity.” This is as oversimplified a reading as is using the term
“deconstruction” to describe the philosophy of Jacques Derrida. To truly understand Deleuze, one must also
understand that the roots of his philosophy are in his earlier study of Henri Bergson and his concept of durée
(duration) which is an epistemological idea not a physical one.15 “Unity of movement,” Deleuze says early
in his book The Fold, “is an affair of the soul, and almost of a conscience.”16 In other words the unity is in
the way the “soul” experiences the world, not necessarily in the world itself.
As Rowe and Koetter demonstrated, there will always be space. Passing through space will always be
part of the body’s (or “soul’s) experience of architecture. The question for now is whether architects will
continue to include it in their design process. The available tools of design may affect the ability to so do. Or
the available tools may forever change architects’s definition of space.
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Abstract. We present and justify a cognitive methodology, based on the semantic analysis of the Vocabulary of
Architecture, to understand and describe the process of architectural composition. The first main premise of our
method is the use of language as an access to mental states. The second one is given by the formal theories of
the meaning of linguistic expressions. The conjunction of these principles, when applied to the language
relevant to some architectural compositions, allows to represent the process of composition. The analysis of the
vocabulary of the bay illustrates the first steps of this method.

1. The language analysis, a strategy of access to the mental universe of the designer
Our fundamental hypothesis is rooted in the very complex role that the semantics of the vocabulary of
a "technical and artistic" activity which is firmly anchored in a history - in fact Architecture – can play
in the process of composition. More precisely, this very specific lexical semantics, when analyzed and
explicitly expressed, can also be considered as a representation of the knowledge usually engaged,
most often implicitly, in this particular sphere of activities. Such an explicitation opens the possibility
to understand and to describe the way that this knowledge can be used by the processes which achieve
the specific goals of the designer in this field (to carry out his/her proper intentions).
Until a relatively recent date, the scientific questioning was reticent to face the cognitive problems
posed by the design (creation) of sensory forms (Perkins D. 1977), (Gardner H. 1982), (Borillo M. et
Sauvageot A. 1996), (Borillo M., Goulette J.P., eds. 2002); and indeed all indicates that the difficulties
that it will be necessary to surmount to describe these processes are considerable as they will request
probably not only all the experimental cognitive disciplines, from psychology (for the exploration of
the mental sphere) to neurosciences (would be this only for the sensorimotor components of the
processes), but also their necessary formal, mathematical, logical and computational complements,
without which there would be neither possible theorizations nor simulations. To tell the truth, the
actual problems can be posed only after having operated a set of adequate restrictions on such a
complex universe. In this immense field of investigation, the thread that one proposes to follow here to
penetrate in the mental universe of the designer is that of the language (Goodman N. 1981). And since
our objective in the long term is the comprehension of the genesis of architectural forms, we will be
interested more particularly in the means than language uses to express the space concepts which are
requested from this point of view.
In addition, it should be specified that the formalization of this lexical semantics is defined within the
usual theoretical framework of the logical models of linguistic meaning (Ter Meulen A. 1983), (Partee
B., Ter Meulen A. et al. 1990). It is interesting to notice that such a framework allows to make
computations – for instance compositions - using such representations. Returning to the case of
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architecture, we will give and justify in §2 the principles for a formal representation of the semantics
of the terms of the Vocabulary of Architecture ( Pérouse de Montclos, JM, 1972), within the
perspective of the composition of their referring architectural elements.
To sum up, we define a "strategy of access to the mental universe of the designer through the analysis
of language..." in assigning to the latter two functions:
• By hypothesis, the analysis of language is conceived as a medium giving access to certain
characteristic mental processes involved in architectural design.
• In addition, insofar as the meaning of the expressions in language can be represented formally, it
could be possible to define and formalize in logico-mathematical terms the semantics of
expressions of the architect's language. Starting from these representations, it could be possible to
simulate, by "qualitative spatial reasoning", some processes of design expressed in this language.
These choices are based on the conjunction of several arguments which articulate the language, its
syntactico-semantic structures and those of the mental representations (Denis M. 1989), (Jackendoff
R. 1992), (Tversky B., Taylor H. et al. 1997). Concerning the formalization of the semantics of
architectural space, our models are rooted in a series of works dealing with the semantics of space
when expressed in natural language (Goodman N. 1951), (Borillo M. 1991), (Aurnague M., Borillo M.
et al. 1991), (Goulette J. P. 1995), (Borillo A. 1998).
2. The fundamental characteristics of the architectural space
2.1. Some principles of architectural composition
Architectural composition is based on a set of particular concepts which are embedded in the
terminological vocabulary of the elements of architecture (Goulette J. P. 1997). These original
concepts must be explicited , as they give the foundations of the formal structures necessary to take
into account and to represent the specific properties of the architectural space and its organisation.
Among these concepts, one finds mainly:
• whole/part relations, known as meronomic relations: the purpose of the composition process is to
gather in a unit various distinct components. The components (architectural elements) are "Parts of
" a "homogeneous" whole - i.e. the result of a process of architectural composition.
• cognitive spatial relations: the spatial relations between objects, such as they arise from the
interpretation of language, exceed the framework of traditional geometry and topology. As a
matter of fact, these relations have to express topological and qualitative informations allowing the
only distinctions necessary to express a relative arrangement of the values. Their essential function
is to induce a "structural similarity" between the representations and the represented world.
• "models" of composition: expressed in the Vocabulary of Architecture, they are descriptions of
(classes of) compositions. These models refer to rules expressing the relative positioning and
dimensioning of a set of elements. Each model is understood as the description of a class of
architectural objects whose name is attested in the Vocabulary of Architecture (for example:
palladian window, twinned bays...).
The analysis necessary to the definition of a formal semantics for some classes of Vocabulary
elements shows that the meaning of each element includes not only information about his morphology
but also information concerning the role it plays at a higher level in some compositions in which it
takes part. So, spatial relations between elements and their relative principles of composition
participate in the definition of their semantics. The question is to know if these various types of formal
information will allow to define, in a computational framework, a process of composition.
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We will try to test our basic assumption by the examination of an architectural entity: the bay. "Bay" is
a generic term which indicates the various types of openings, with various functions, which are made
in the walls of our buildings. To study this architectural element - which is also a composition - we
will refer mainly to the "Vocabulaire de l'architecture" (Pérouse de Montclos J. M. 1972) (see also
(Parker H. 1986)) which gives a description of the "bay" in terms of his constitutive elements and
functions.
2.2. The three components of the meaning of the Vocabulary terms.
Another very important principle is necessary to express the complexity of the meaning of the
Vocabulary terms. Through the conjunction of introspection and the account of the basic constraints of
our referential semantics, we are lead to consider each architectural "object", indicated by a term of the
Vocabulary, under three distinct but deeply interdependent meanings: as an architectural element,
with its spatial referent, and its geometrical representation.
• The architectural element belongs essentially to the field of the mental representations: it is a
cognitive object, an object to think about and to conceive a project of architecture; or to describe
an existing building. Its essential characteristic is to be able to be named, to be designated by a
term which is associated to functional and geometrical characteristics (role, arrangement,
proportion, morphology...).
• The spatial referent of an architectural element is a "qualitative" object. It results from the properly
spatial characteristics (topological and geometrical) of the architectural element. Its characteristics
specify only the "distinctions necessary" to the correct classification of the element in its universe.
The description of the spatial referents express their differential features and not absolute or
quantitative criteria. It is not a question of a volumetric specification which would prohibit any
variation, but rather of distinctions which allows a feature to be identified as such, while leaving
free course to a range of creative interpretations.
• The geometrical representation of an element of architecture constitutes the shape given to the
spatial referent when the conditions of interpretation become specific and precise enough to made
it possible to completely describe it in space, as it is the case for example in Computer Aided
Design. Evidently, the geometrical representation must itself meet the properties and the
constraints attached to the two preceding levels.
It is the definition and the use of these two preceding levels in the process of architectural composition
which are the object of our study.
It is important to notice that the theoretical framework of this study falls under a computational
conception of cognition. In such a framework, architectural composition must be represented - if
possible - by computational procedures. This requires that we formally define first the semantics of the
components of the bay. We exemplify further one of these elements, so as to illustrate our
methodology. As we said first, these definitions are based on the particular semantics of the
meronomic relations (part-whole) and those of the functions associated with the spatial entities.
3. A formal language to express the characteristics of the architectural elements, from the point
of view of their composition. An example, the bay.
.
We have now to represent the definition of the architectural elements concerned in the terms of a
formal language, in such a way to express their significant characteristics in the perspective of their
potential compositions. Thus, the bay is an opening made in a "mur" (wall) (itself pertaining to a
"bâti" - building), which has a "assise" (base), a "structure" and a single "embrasure" (opening). It is
important to notice that an architectural element can be interpreted at various levels (n), as a
component or as composed structure:
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Baie(b, m, n) ≡def ∃ bâti Mur(m, bâti) ∧ Elt-archi(b, n) ∧
∃ ! a, s, e [Assise(a, b, n) ∧ Structure(s, b, n) ∧ Embrasure(e, b, n)]
Here is for example (among about fifty components of the bay) the definition of one of them:
"the embrasure is an architectural element, it corresponds to the opening made in a wall and is an
integral part of a bay for which it has a utility role; it is delimited by some of the other elements of the
bay".
The formal definition of the "embrasure" is given below:
Embrasure(x, b, n) ≡def Elt-archi(x, n) ∧ Vide(x) ∧ ∃ m [Baie(b, m, n) ∧
Percé(x, m) ∧ Dans-total(x, b) ∧ Rôle(x, b, Utilitaire) ∧
∃ a [Assise(a, b, n) ∧ Délimiter-en-bas(a, x)] ∧
∀ c, s [(Couvrement(c, b, n) ∧ Soffite(s, c, n)) ⇒
Délimiter-en-haut(s, x)] ∧
∀ c, i [(Couvrement(c, b, n) ∧ Intrados(i, c, n)) ⇒
Délimiter-en-haut(i, x)] ∧
∀ p, t [(Piédroit(p, b, n) ∧ Tableau(t, p, n)) ⇒
Délimiter-latéralement(t, x)] ∧
∀ p, e [(Piédroit(p, b, n) ∧ Ebrasement(e, p, n)) ⇒
Délimiter-latéralement(e, x)]
It's very important to point out that some of the space relations which contribute to the definition of
the elements of architecture (in French: Limiter, Délimiter, Porter, Couvrir...) are interpreted in a
specific way, proper to the language of architecture. Consequently, they have quite a particular
semantics, different from their use in ordinary language. This semantics is based on very specific
meronomy, topology and geometry.
3.1. A meronomy for the cognitive space of the architect
We have identified four types of meronomies between elements of architecture. A short abstract
definition is given here:
• Piece/Whole: this relation relates to an element of which the spatial referent is a piece of volume, it
cannot thus be dissociated from sound wholle.
• Member/Collection: we indicate by this relation the membership to a set of elements which is the
reference of a term of the vocabulary.
• Sub-Collection/Collection: it is about a collection included in another collection.
• Component/Assembly: the component has a role (Constructive, Utilitarian or Plastic) compared to
the whole.
These relations are defined on the basis of an axiomatic articulated with those of topology and
geometry given below. One can find the precise formal definitions of these entities and relations in
(Borillo M., Goulette JP. 2002).
3.2.A topology for the cognitive space of the architect
The spatial descriptions of the elements do not refer to an absolute and orthonormed space. It is rather
about a space of perception and experiment, a cognitive space of which the structure rests mainly on
the functional aspects and symbolic systems of the described objects. With regard to the particular
case of the vocabulary of architecture, this space has two major characteristics witch are essential to
express the most significant properties of architectural space: delimitation and relative positioning.
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These characteristics do not agree with the principles of a traditional topology or geometry. To study
and specify the mechanisms of this particular space reasoning, we take as a starting point the
"alternative" representations of space proposed in works raising mainly of formal semantics of space
in the natural language, works which aim at defining principles of reasoning on these particular
representations ((Leonard H. and Goodman N. 1940), (Aurnague M. and Vieu L. 1993), (Asher N. and
Vieu L. 1995), (Borillo M. and Pensec H. 1996), (Goulette J. P. 1997), (Vieu L. 1997), (Goulette J. P.
1999), (Borillo M. and Goulette J. P. 2002)).
The most significant principles of this topology are:
• A finite number of individuals. Our assumption is that only exist the individuals explicitly
introduced by the definitions of the Vocabulary (a priori, the architectural space is not populated
by an infinity of points, spheres or other spatial entity).
• A completely legitimate concept of border. As we already indicated, the concept of border of the
objects is particularly significant in architecture: the objects are perceived by their apparent
borders, and those play a major role in the design. So our topology explicitly introduces the
concept of border (Varzi A. C. 1993), (Varzi A. C. 1995).
• A concept of sharing of borders different of that of sharing of parts. To share a border is not always
to have a common part. Actually, the inhabitable space and its walls have common borders. And
yet, they do not have a common part: one starts "where the others stop" (and vice versa).
Some elements can then share a border without sharing part. It a very constraining principle for our
topology, but which makes it possible to treat the relations between the objects and residual space (and
this residual space is of primary importance for the architect who describe objects to design space).
We specify moreover that this "sharing of border" is not the relation of "contact", where two objects
are simply juxtaposed without sharing neither part, nor border.
Consequently, we base our topology (which is a mereotopology) on two independent primitives, the
relation of "part of" (to be a part of a whole) and the relation of "border of" (to be a border of an
object).
3.3. A geometry for the cognitive space of the architect
In this geometry, we find the concepts of part and border, but associated here with mechanisms of
orientation and disposition which make it possible to qualitatively define the morphology of the
elements and the spatial organization of their compositions. It is a question of representing three
principles of definition of the limit of a volume in a given direction. As we'll see, these three principles
rest on relations of: geometrical part, geometrical delimitation, geometrical border.
In our case, the orientation of the architectural space is based on three axis: the vertical axis, the axis
of the wall and the axis of the bay. The vertical axis is without ambiguity: the notions of top and
bottom (due to gravity) are independent of the observer's position. For the axis of the bay (and
consequently for the axis of the wall), we can define two kinds of markers: an absolute marker (and
the axis is oriented from inside to outside) and two deictic markers depending of the observer's
position.
The topological, geometrical and meronomical relations (and their combinations within the language
thus defined) make it possible to represent more complex relations between elements, these relations
"being anchored" in the Vocabulary of architecture. One can thus formally define "To crown" ("To
form the horizontal ridge or the pyramidal top of a rise or part of rise"), "To be with naked" ("says
itself of part of rise included/understood in the same plan as another part"), "Being on the naked one",
"Being in recess compared to naked", "To limit", "To delimit", "To decrease", etc... One sees how
much this type of relations describes qualitatively and functionally the objects of the architectural
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composition. The graph below expresses the mereotopological organization characteristic of the
essential elements of the bay:
Couvrement*
Contact
Piédroit*

EC

Contact

EC
Embrasure*

EC

Piédroit*

P
Fermeture*
EC
Assise*

Figure 1. Mereotopological relations between spatial referents (*) (P : part of, EC : externally connected,
Contact : contiguity without border sharing)

4. A first cognitive step towards the representation of a process of architectural composition .
4.1 To compose compositions: levels of interpretation
As we said first, the notion of "level of interpretation" is essential in our methodology. For instance,
under some conditions, some associations of bays can be, in the Vocabulary of Architecture, named
also a bay. That means that a bay can be composed of several bays. The description of the components
of a bay reflects, in the language, the diversity of the levels of interpretation which can be associated
to an architectural object. A component can then receive various denominations according to the level
of interpretation adopted.
This possibility of variation in interpretation has as the consequence that the same objects can be
classified, according to the adopted level of interpretation, in various terminological categories of
architectural elements. This leads us to define two distinct levels for the interpretation of the terms
being used to analyze the vocabulary of the bay: the Neutral level and the Composition level. The
transition from the first to the second reveals the process of composition of the different types of bay
we seek to describe.
4.2 Elements for the formal description of a process of composition
We have defined in our experimental research formal procedures for the treatment of compositions of
bays, starting from the semantics of the elements which constitute them. We illustrate very briefly
here, in a graphical way, the kind of computations which are carried out on the formal representations
of the architectural entities. Theses computations allow the transition, in our example, from "Baies
jumelées" (twinned bays) (Figure 2) to "Baie composée" (composed bay) (Figure 3).
The followings remarks can help to understand the method. Of course, the operations we evoke here in
graphic form have a formal definition, and are carried out by computations operating on the formal
definition of the various constitutive elements:
a) The "Baies jumelées" consist of simple bays sharing one of their "piédroits" (piers). Consequently
the graph of Figure 2 consists in the composition of two isomorphous graphs to Figure 1 by sharing
the space referent of "piédroit".
b) To interpret "Baies jumelées" as a composition, to obtain a single element named "Baie composée",
it is necessary "to reduce" the graph of Figure 2 to the graph of Figure 1.
c) This "reduction" of a graph to the other results in the graph of Figure 3 (which is isomorphous with
that of Figure 1 insofar as Figure 2 represents one "Baie composée").
d) We illustrate the operations constitutive of this "reduction" by the computation of the spatial
referent of the "embrasure" (opening) of "Baie composée". This spatial referent is defined in
mereotopological terms by the fusion of the spatial referents of the two "embrasures" and the
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"piédroit" of "Baies jumelées". We have here an example of the consequence of the change in levels of
interpretation (from Neutral to Composition). It will be noted that in this interpretation, the spatial
referent of the "piédroit" of "Baies jumelées" is included in the the spatial referent of the "embrasure"
of "Baie composée". Being included in the spatial referent of an "embrasure", it cannot, in that new
level of interpretation, still be associated to a "piédroit": it must be associated to a element of
"fermeture" (cf. Figure 1), a "pilier" (pillar).

Couvrement*
Contact
Piédroit*

EC

EC
Embrasure*

Couvrement*
Contact
EC

Contact
Piédroit*

EC

EC
Embrasure*

EC

EC

Assise*

Assise*

Baie gauche

Contact
Piédroit*

EC

Baie droite

Figure 2. Méréotopological graph of "Baies jumelées" (level of interpretation: Neutral)

This graph describes the structure of "Baies jumelées", in an analogical way, as the definition of a
fugue in the framework of musical composition can describe an all family of music pieces.

Couvrement*
Contact

Piédroit*

EC

EC

Contact

Embrasure*

P
Pilier*

EC

Piédroit*

EC

Assise*

Figure 3. Méréotopological graph of "Baie composée" (level of interpretation: Composition)

The aim of these first steps is to define some elements of a methodology, rooted in the relations
between language and mental representations, in order to understand the process of architectural
composition. These works are in line with the new researches on art and design opened by the
development of cognitive sciences (a first panorama in (Borillo M. et Goulette J. P. 2002)). The formal
analysis of the semantics of the language of architecture, in the perspective of spatial creation, will
point out some original problems regarding the fecundity of the cognitive approaches to understand
some very complex aspects of creativity. It is not impossible at all that such approaches reveal to be
fruitful in other fields where language plays a very important role, for instance music and
choreography.
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