Lecture 4 Emergent Structure in Conceptual Networks  Gilles Fauconnier

A powerful aspect of conceptual integration networks is the dynamic emergence of novel
structure. Emergent structure is manifested in the blended spaces created by a network, and also
in its overall web of connections between mental spaces. In this lecture we will analyze data
from language, mathematics, technology, and advertising. The analysis will highlight the ways
in which conceptual structures can evolve, both culturally and individually. Emergent structure
that humans can develop through double-scope blending is the key to scientific and artistic
creativity, and to the construction of religious experience. But creativity with emergent structure
also takes place routinely in everyday life and is especially visible in humor, cartoons, and irony.
The unity of human invention in very different areas will be shown through the study of the
underlying integration networks.

The Problem

Integration networks give rise to emergent structure. How exactly can there be emergent structure, and what is it?
This talk looks at aspects of this puzzle.

1) Emergent structure in blended spaces is more than the projection of new relations - it is quite literally the creation
of new things in conceptual worlds. I will illustrate this with some precise examples from mathematical number
theory (zero, infinity, exponentials, imaginary geometry).

2) The power of the emergent structure does not reside in the blended space. In itself, the structure of that space is
often straightforward: the encounter of two travellers (Buddhist monk), a boat race (Regatta), rotation and
stretching (complex numbers), ignorant children about to perform surgery (Bypass), rods moving in a circle to
indicate time (Clock). The complexity of the conceptual structure lies in the entire network: the links between
mental spaces and the compression of vital relations.

3) At the same time, blended spaces often do have extraordinary properties: children become accomplished
surgeons in ten minutes, numbers can be rotated in space, a completed grave means death for the digger, dinosaurs
metamorphize into birds, and comatose women decide to interrupt their pregnancy. Nixon is president of France
and Kant stops by to chat with us. None of this reflects any special structural complexity. Vital relations of change,
identity, cause and effect operate in ordinary fashion. Blended spaces are easy for children to master. The hard part
of learning, of re-conceptualization, and of living efficiently in the blend, lies in maintaining mastery of the links
and compressions across spaces in elaborate networks.

4) The new things that we create in such surprising ways are generally conceptualized as having always existed,
Their invention by cultures counts as discovery. Minutes and seconds are as real to us as sticks and stones. The
number e was always there, nestled between 2.71 and 2.72, waiting for its transcendence to be noticed.

5) Finally, integration networks allow the proliferation of non-things in our conceptual worlds. Missing bodies are
solemnly carried in stretchers and we notice the absent students in our classrooms.

On the face of it, these features of emergent structure in networks seem somewhat strange, and yet they clearly play
a central role in making cognitively modern humans what we are, for better and for worse.



Regatta

The blend has rich emergent structure: the boats are now in a position to be compared, so that
one can be "ahead" of the other. The scenario of two boats moving toward the same goal on the
same course and having departed from San Francisco on the same day fits into an obvious and
familiar frame, that of a race, which is automatically added to the blend by pattern completion.
That frame allows us to run the blend by imagining the two boats in competition.

"Maintaining a lead" is an intentional part of a race. Although in reality the catamaran is
sailing alone and the clipper's run took place 140 years before, the situation is described in terms
of the blended space.

Another noteworthy property of the race frame is its emotional content. Sailors in a race are
driven by emotions linked to winning, leading, losing, gaining, and so forth. This emotional
value can be projected back to the Great America Il input. The solitary run of Great America II,
conceived as a race against the nineteenth century clipper, can be lived with corresponding
emotions, which can in turn change the course of events. The crew of Great America II can
draw courage and commitment from seeing themselves as engaged in a historic competition, or if
they are daunted by Northern Light's performance, may be cowed into failure.

Buddhist Monk

The riddle of the Buddhist Monk

A Buddhist monk begins at dawn one day walking

up a mountain, reaches the top at sunset, meditates

at the top for several days until one dawn when he

begins to walk back to the foot of the mountain, Now try this: don't imagine the BUddl_‘iSt
which he reaches at sunset. Make no assumptions monk first strolling up and th":“ strolling
about his starting or stopping or about his pace -down. days later; instead imagine that he
during the trips. Riddle: is there a place on the path is taking both walks on the same day.

which the monk occupies at the same hour of the There must be a place Where he meets
i himself, and that place is the one we are
day on the two separate journeys?

looking for. Its existence solves the

riddle.
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Non-linguistic examples:

Skiing waiter:

Similarly, one of us had a ski instructor who prompted him to stand properly and face in
the right direction as he raced downhill by inviting him to imagine that he was a waiter in a
Parisian café carrying a tray with champagne and croissants on it and taking care not to spill
them. This might seem like a simple execution of a known pattern of bodily action—carrying a
tray—in the context of skiing, but again not so: when we carry a tray, we create equilibrium by
exerting force against the weight of the tray, but in skiing, there is no tray, no glasses, no weight.
What counts are direction of gaze, position of the body, and overall motion. The resulting
integrated action in skiing is not the simple sum of carrying a tray while moving downhill on
skis.



Within the conceptual blend prompted by the instructor, and in the conditions afforded by
the environment, the desired motion will be emergent.

The instructor is astutely using a hidden analogy between a small aspect of the waiter's
motion and the desired skiing position. This analogy, however, makes little sense out of context
and independently of the blend; the instructor is not suggesting that a good skier moves "just
like" a competent waiter. It's only within the blend - when the novice tries to carry the tray
mentally while skiing physically - that the intended structure (the improved body position)
emerges. In this case, as in all others, we still have the construction of "matches" between
"waiter" and "skier," but the function of these matches is not analogical reasoning: we are not
drawing inferences from the domain of waiting on tables and projecting them to the domain of
skiing. Rather, the point is the integration of motion. Once the right motion has emerged
through integration and the novice has mastered it, the links to croissants and champagne can be
abandoned. The skier need not forever think about carrying trays in order to perform adequately.
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FIGURE 10 Opening the container and viewing its contents.

Math

The Invention of Complex Numbers
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FIGURE 1 Complex number (r,0)

1) new elements: the blended mental space of
complex numbers contains an infinity of
numbers that were not in the original input
mental space of real numbers. This is achieved
by projecting points from the 2D-space into the
blended space. The counterparts of the
projected points are new "numbers."

Because angles are projected from the 2D-space,
numbers in the blended space now have
"angles," a non-sensical notion in the original
input mental space of real numbers. Angles
(equivalently rotations) as features of numbers
are new elements conceptually.

3) compressions: the mapping between points
in one input and numbers in the other is
compressed within the blended space into
Uniqueness. This is fusion, the strongest
possible form of compression: points are
numbers and numbers are points.

Emergent structure and causal compressions: food-snatcher, hitler, toblerone

80°

multiplication of numbers (2,30°) and (3,60°) = (6,90°)

FIGURE 2

2) emergent operations: multiplication of
numbers in the blended space includes the sum
of their angles (equivalently the composition of
their rotations). This is a completely emergent
property of the blended mental space: in one of
the inputs (the 2D space) there is no
multiplication at all because you cannot
multiply geometric points. In the other input
(real numbers) there are no angles, and so
multiplication cannot include any operation on
angles. By the same token, square roots of
number n in the blended space are obtained by
taking the square root of the magnitudeof n and
half of the angle of n. This is an emergent
operation, impossible in either one of the
inputs.
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Number: evolution of a concept
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Grammatical constructions: boil the pan dry
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Grammatical Constructions

1 boiled the pan dry. In the diffuse input, the causal chain runs
from forgetting to the invariant position of the burner knob, to the
flow of gas, to the flame, to the temperature of the pan, to the
temperature of the water, to the level of the water, to the dryness
of the pan. The agent performs no direct or indirect action on the
pan at all. But in the blend, the compressed structure associated
with the grammatical construction is projected together with
some selected participants from the diffuse chain of events in the
diffuse input. And so, in the blend, the agent is now acting
directly on the pan. Moreover, although the boiling of the water
is an event and its cause was something the agent did or did not
do, there is cause-effect compression in the blend so that boiling
is an action the agent performed. He even performed it on the
pan.
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