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Inner and outer seem sharply divided. How does

thinking change if they are continuous? (Brown, 2011)’

| shall begin with a rather odd confession: | have
become militantly anti-perspectival in this, the
maturity of my adolescence. It might be consid-
ered ‘odd’ because the battle over perspective
was fought early on during the culture wars and
is mostly thought, at least in humanist disciplines,
to be a settled matter.? It is not a settled matter for
me because a stealth form of perspective controls
our digital lives. The argument goes something like
this: perspective is a subset of projective geometry.
The analytic form of projective geometry is linear
algebra. Linear algebra underpins the algorithms
that determine our digital footprints as we work and
play: searching and drawing to what is thought to be
a brave new world.?

Far more tangible, it is not a settled matter for me
because, especially in the practice of architecture
(including the acts of design, education and recep-
tion) we seem to have nothing with which to replace
perspective as the language of vision.* The situation
might be characterised thus: we all understand that
perspective is a contested (if not thoroughly discred-
ited) discourse but we do not seem to be able to
look away or rather wherever we look all there is to
see are objects embedded in a propositionally infi-
nite spatial expanse. In this context, it is clear to me,
that the embedding medium of bodies, buildings
and brains is not space — unbounded emptiness as
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is suggested by perspective — but light. Perspective
is a fiction, a Truth (capital T) of ideation we confuse
with the process of seeing. Seeing is better char-
acterised as bringing objects and environments to
light.

This notion, that light is the medium in which we
perform architecture, is both commonplace and
radical. Commonplace in the sense that it is a matter
of uncommon, common sense: no light; little sight,
no sight; no shape, no shape then space becomes
exclusively acoustic. As Lawrence Gowing observed
in 1952: ‘All that the eye can possess is light.”

The radical flip of this particular coin is the idea,
increasingly commonplace in cybernetics, visual
science and neuropsychology that the visual light
field does not just adhere to the objects, but is
equally defined in the empty space between the
objects. In that sense, the ontological status of the
visual light field is akin to that of visual space as a
‘container’.®

The ‘architectural vocabulary of morphogenesis’
explores an alternative to the tyranny of perspective
in surface theory. The goal is to develop architec-
ture in a non-perspectival frame, indeed without the
perspective frame altogether and in the context of
cognitive activity patterns.” Morphogenesis is at the
center of the inquiry.

Architecture, indeed all intellectual disciplines,
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borrow the concept of morphogenesis from devel-
opmental biology where it pertains to fetal growth.
It is a beguiling question: what is the mechanism
of development such that something as complex as
a conscious being is formed from a fertilised egg.
Mechanism is likely not the right word unless one
thinks of mechanism without a mechanic and the
mechanical as flow —loopy processes in which
emergent qualities are part and parcel of form
evolving form.

What does it look like making design analogue to
fetal development? On the most abstract level, the
‘ontological perspective’, morphogenesis studies
processes in which matter actively co-produces
its own formal expression.® Humberto Maturana
and Francisco Varela, in a famous work from the
early 1970s called this autopoiesis.® The term (from
Greek auTto- [auto-], meaning ‘self’, and Toinoig
[poiesis], meaning ‘creation’) refers to a system
capable of reproducing and maintaining itself. |
don’t know about you but | own a house and it is
very far removed from being ‘capable of maintaining
itself.” But let us not crack wise. The idea of self-
sustaining structures is an ideal at the very center
of current architectural discourse. Why? Because in
order to meaningfully address climate change in our
buildings, cities and regions, exactly what we must
figure out is how to make structures autopoietic.
Buildings in the anthropocene must be autopoietic
on purely existential grounds. The first decisive step
in this process is moving beyond our learned preju-
dice of embedding objects in three-dimensional
spatial expanse. This suggests another sense in
which morphogenesis is relevant to architecture.

It has to do with the evolution of form in percep-
tion. Crucially, one must assume that the default
condition of objects is that they are in constant
motion. The root cause of the motion is moot — either
the subject is moving or the object is moving, or
both. Perceptual models that assume stationary

observers and static objects (as most perspectival
models do) are highly unlikely scenarios, as is the
kluge that renders motion a series of static images
succeeding one another below the threshold of
fusion." The conditions with which we must concern
ourselves are in constant motion, almost always at
multiple scales.

The evolution of form in perception, this other

morphogenesis, | shall call perceptogenesis.
Perceptogenesis is the mirror of autopoiesis, related
to the evolution of form in development but subject
to different constraints. This essay, an examination
of some of these constraints, proposes another
so-called language of vision grounded in the evolu-

tion of form in light.

Developing the vocabulary

Speaking practically, | had a relevant experience in
studio reviews with students who were designing
using a formal vocabulary best characterised as
biomorphic. | was quite impressed with the work of
one student in particular. It showed a real flair for
the non-carpentered envelope and even though the
plan suffered from the difficulties endemic to such
work, the project was satisfying. But as the conver-
sation progressed it became clear that we had no
vocabulary (certainly no common vocabulary) with
which to speak about the work. This happened
more than once. The problem is that these conver-
sations very quickly devolve into ‘I like / don’t
like ... — matters of opinion with no real basis on
which to take principled positions or even explore
alternatives.

This is unfortunate because a geometrical vocab-
ulary for such formal explorations is at hand and has
been for almost 200 years. Of course, | am referring
to Carl Friedrich Gauss’s foundational work in differ-
ential geometry, General Investigations of Curved
Surfaces of 1827.1



The basic ideas are quite simple. What we might
call the Cartesian plane can be generalised to
describe all surfaces including curved surfaces.™
What these surfaces have in common are: 1)
lines (or axes) of principle curvature that can be
shown to be at right angles and 2) a classification
of these in terms of the relationship between their
principle curvatures. Amazingly, somewhat counter-
intuitively, only three types of surface are possible:
surfaces of positive curvature, surfaces of negative
curvature and surfaces of zero curvature.' Positive
curvature is where the lines of principle curvature
when multiplied, yield a positive number—in this
case a surface with axes arcing in the same direc-
tion. Negative curvature is where the axes arc in
different directions (their product is negative);
and zero curvature is where one (or both) of the
axis lines are straight (of zero curvature). Got it?
Generically there are three types of surface: cup,
saddle and sheet.

At the risk of belabouring the point, allow me
a couple of clarifications. First, surfaces of zero
curvature may be, for instance, planes or cylin-
ders or cones. It is obvious why planes are of zero
curvature but cylinders and cones are perhaps less
so unless one returns to Gauss’s definition. Given
a surface where one axis is a straight line (of zero
curvature) then the product of two axes is zero no
matter what the curvature of the other axis is. These
kinds of surface may take the form of cylinders or
cones, among others.

Secondly, it is characteristic of perspective that
it associates objects and their embedding medium.
This causes problems for our understanding of
geometries that are both simpler (less rule bound)
and more complicated (more rule bound) than
projective geometry. Regarding more rule bound
systems such as Euclidean geometry, it is easy for
us to anachronistically embed figures in spaces and
very difficult for us to creatively re-think our way into

a gestalt that views a figure (and its transformation)
in itself. This is a learned prejudice. It presup-
poses a definition of transformations as operations
between spaces that carry the figure along as
one maps one field onto another. A shorthand for
the distinction between transforming figures and
mapping fields is the difference between in and
of. Regarding surfaces, one can take a view of the
surface — a field mapping that implies the view from
without, or a view in the surface — a transformation
engendering a view from within. In many cases this
is a distinction without a difference, in others it is of
crucial import.

Likewise, in geometries simpler than perspective,
when presented with surfaces like saddles, cylin-
ders and hemispheres, we suppose ourselves to be
outside the surface regarding the spatial envelope
and its extensive objects. In this case the distinc-
tion of the space / in the space — what above is a
basically psychological distinction — can be given a
rigorous formulation in geometry. This category shift
leads to one of Gauss’s fundamental findings. He
described it as the difference between extrinsic and
intrinsic geometry. Perspective is an extrinsic geom-
etry because one may transform any four points of
the image to any four points in the ambient array,
thereby determining a unique projective trans-
formation of objects in spaces. It is the virtue of
perspective that one may explore the entire ambient
array this way, as it is given from outside. Gauss,
on the contrary, posited a geometry where a shape,
a surface, a figure is the space. In Gauss’s words:

When a surface is regarded, not as the boundary of
a solid, but as a flexible, though not extensible solid,
one dimension of which is supposed to vanish, then
the properties of the surface depend in part upon the
form to which we can suppose it reduced, and in part
are absolute and remain invariable, whatever may be
the form into which the surface is bent. To these latter

properties, the study of which opens to geometry a



new and fertile field, belong the measure of curvature
and the integral curvature, in the sense which we have

given to these expressions.®

One of the implications of Gauss’s invention
(discovery?) is that surfaces may be transformed
into other surfaces of the same kind but never into
surfaces of a different kind.'® This is breathtaking. If
one restricts the notion of change to transformations
that preserve continuity, then such surfaces have an
integral curvature that uniquely generalises them as
a family that can be one of only three kinds: posi-
tive, negative or zero. Perhaps more importantly,
this suggests that perceptogenesis — the sensation
of surface in light — may be, must be experienced
(assuming we are operating at a primitive visual
level) from within the shape itself, i.e. intrinsically.

The architect in me feels compelled to state the
obvious: there is really only one kind of surface,
what might be called a hybrid surface. This suggests
another finding of Gauss’s differential geometry:
there exist seams between patches of differently
curved surfaces in hybrid forms and these lines are
said to be ‘invariant.’ They are called parabolic lines."”
This is not because they take the shape of parab-
olas. It is, and this is conjecture, because parabola
(from Ancient Greek TTapaBoAr] — parabolé) means
juxtaposition or comparison. Parabolic lines are
the joints or lines of juxtaposition between different
surface types.

Fostering visual morphogenesis

The assignments devised for this, my first year
studio, were designed to introduce architecture
students to this concept of invariants as expressed
by ever more sophisticated geometric transforma-
tions. The final module of the class, immediately
preceding the final project and to some degree
coincident with it, asks the students to take an
irregularly shaped, non-carpentered object, find its
parabolic lines and draw those lines on the object

itself [Figs. 1-3]. These objects, which | call surforms
or ‘forms comprised of surfaces’ are 3D models of
analytically determined mathematical objects used
in the psychophysical experiments of James Todd.'®

The goal in developing these ideas in a first year
studio is to introduce students to ways of looking
that allows them to analyse and discuss biomor-
phic form. Let me be clear: | am not interested in
promoting biomorphic form in architecture nor am |
suggesting in any way that the most interesting prob-
lems of form are doubly curved surfaces. Personally,
I’'m not much interested in the architecture of blobs.
What | am is interested in ways of seeing and
deeply invested in fostering critical dialogue around
form, form making, the perception of form and, most
important of all, the inhabiting of built form. | believe
that the introduction of Gauss’s intrinsic geometry
creates a foundation that promotes a unique and
previously unarticulated way of negotiating archi-
tectural form that is fundamentally different from
perspective. | hope such exercises might: 1) foster
a view from within, thereby promoting object space/
times synoptic with place; 2) elaborate the ways
architecture and design are critically dependent
on seams, edges and transformations (not new
but using an expanded — parabolic — definition
of edge); 3) introduce the notion of a first-person
inquiry as distinct from a third-person interroga-
tion; 4) promote allocentric rather than egocentric
attitudes; 5) favour intrinsic as opposed to extrinsic
approaches; 6) recreate structure as autopoiesis
founded on perceptogenesis; and 7) elaborate the
ways that light is the embedding medium of building.

Now, in retrospect of this educational experi-
ment, | find myself even less tolerant of perspective,
the humanist debate around perspective and
the encoding of perspectival prejudices in digital
networks. In short, we do our students a grave
disservice educating their seeing in perspectival
modes. Instead we must work to put perspective in



Fig. 1: A pristine surform from multiple angles, after surfacing. The students were working in groups of three to five
people. There were five groups. Each group was given their own surform that they were required to prepare by coating
and sanding and on which they were to draw. No one in the class seemed to notice that all the surforms were identical. |

did not contradict that misapprehension. Image: author.



Fig. 2: There are several different ways one may approach finding parabolic lines on surforms. In the ‘constructive’
approach one locates the Morse critical points, the so-called peaks and passes, and then connects those with ‘ridge’
lines. After that, paying attention to each ridge, identify the points where the line goes from being convex to concave.
That is a point of inflection. With those inflection points anchoring the process, one may then locate the parabolic lines

as seams connecting the ridge line inflections. Image: author.



Fig. 3: One precocious student worked without a net, as it were. She simply regarded the surform as an object and
‘read off the lines that acted as ‘edges’ separating the surfaces of positive and negative curvature. No construction lines
needed. Acquiring this skill — reading the edges of biomorphic forms as easily as one reads the boundaries of crystalline

forms — is one result expected of this educational experiment. Image: author.



its place as one among many geometries. We could
teach the fundamentals of similar, affine, inver-
sive, differential and topological geometries as real
alternatives to perspective, a system that above all
frames and embeds. One unintended consequence
of such an approach might be citizens equipped to
better evaluate the way algorithmic tools based on
mathematical systems influence our decisions in
the world. More relevant for architecture might be
a shift away from frozen metaphors of biomorphic
forms towards explorations that evolve structures
from perceptual processes and envision buildings
as organisms developing in slow time in symbi-
otic relation with their environments. This might
go a long way towards embodying human minds
continuous with physical nature, further deploying
an architecture that meaningfully addresses cata-
strophic environmental change.
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