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What the Frog’s Eye
Tells the Frog’s Brain*

J. Y. Lettvint, H. R. Maturanat,
W. S. McCulloch!, and W. H. Pitts!

SUMMARY

In this paper, we analyze the activity of single fibers in the optic
nerve of a frog. Our method is to find what sort of st.lmulus causes
the largest activity in one nerve fiber and then what is the exciting
aspect of that stimulus such that variations in everything else cause
little change in the response. It has been known for the past 20 years
that each fiber is connected not to a few rods and cones in the retina
but to very many over a fair area. Our results shqw that for the mosl
part within that area, it is not the light intensity 1t§e]f but rather the
pattern of local variation of intensity that is the exciting factor. There
are four types of fibers, each type concerned with a different sort of
pattern. Each type is uniformly distributed over Il.\c }vholc retina of
the frog. Thus, there are four distinct parallel dlstrlpuled 'channc‘ls
whereby the frog's eye informs his brain about ghe 'vnsual image in
terms of local pattern independent of average illumination. We describe
the patterns and show the functional and anatomical separation of _lhc
channels. This work has been done on the frog, and our interpretation
applics only to the frog.

* QOriginal manuscript received by the IRE, September 3.. 1959,

This work was supported in part by the U. S. Army (Signal Corps), the
U. S. Air Force (Office of Sci. Res., Air Res. and Dev. Command), and the
U. S. Navy (Office of Naval Res.); and in part by Bell Tclephone Labs..‘lnc.

+ Research Laboratory of Electronics and Dept. of Biology, M.LT., Cam-
bridge, Mass. )

1 Research Laboratory of Electronics, M.1.T., Cambridge, Mass,, on leave
from the University of Chile, Santiago, Chile. '

|| Research Laboratory of Electronics, M.LT., Cambridge, Mass.
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What the Frog's Eye Tells the Frog's Brain

INTRODUCTION

Behavior of a Frog

A FRrROG hunts on land by vision. He escapes enemies mainly by
secing them. His eyes do not move, as do ours, to follow prey,
attend suspicious events, or search for things of interest. If his body
changes its position with respect to gravity or the whole visual
world is rotated about him, then he shows compensatory cye
movements. These movements enter his hunting and evading
habits only, e.g., as he sits on a rocking lily pad. Thus, his eyes
arc actively stabilized. He has no fovea, or region of greatest
acuity in vision, upon which he must center a part of the image.
He also has only a single visual system, retina to colliculus, not a
double one such as ours where the retina sends fibers not only to
colliculus but to the lateral geniculate body which relays to cerebral
cortex. Thus we chose to work on the frog because of the uni-
formity of his retina, the normal lack of eye and head movements
except for those which stabilize the retinal image, and the relative
simplicity of the connection of his eye to his brain.

The frog does not seem to see or, at any rate, is not concerned
with the detail of stationary parts of the world around him. He will
starve to death surrounded by food if it is not moving. His choice
of food is determined only by size and movement, He will leap to
capture any object the size of an insect or worm, providing it
moves like one. He can be fooled easily not only by a bit of
dangled meat but by any moving small object. His sex life is con-
ducted by sound and touch. His choice of paths in escaping enemies
does not seem to be governed by anything more devious than leap-
ing to where it is darker. Since he is equally at home in water and
on land, why should it matter where he lights after jumping or
what particular direction he takes? He does remember a moving

thing providing it stays within his field of vision and he is not
distracted.

Anatomy of Frog Visual Apparatus

The retina of a frog is shown in Fig. 1(a). Between the rods
and cones of the retina and the ganglion cells, whose axons form
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- cybernetics






what is cybernetics?

how is cybernetics relevant for design?



STEERING =

from Greek ‘kybernetes’—the art of steering



the art of steering

e

course set



the art of steering

correction of error

—
\

correction of error

course set



the art of regulation

compares heading with
goal of reaching port

adjusts rudder
to correct heading

ship’s heading



the art of regulation

detection of error

compares heading with
goal of reaching port

adjusts rudder
feedback to correct heading

correction of error

ship’s heading



the art of regulation

comparing

compares heading with
goal of reaching port

adjusts rudder

sensing to correct heading

acting

ship’s heading



the art of regulation

comparing

sensing acting



clinical practice (medicine)

diagnose

examine treat



quality cycle (Deming)

plan

check operate



scientific method

hypothesize

observe experiment



design process

compare

medasure act



mobile devices

want

sense from act at
a distance a distance



“...introduces for the first time —

and not only by saying it, but methodologically —

the notion of circularity, circular causal systems.”
Heinz von Foerster



in Latin, the same term becomes ‘governing’
— regulation by law or person

— government means regulation









historical views of cybernetics

Cybernetics saves the souls, bodies, and material possessions
from the gravest dangers.
— Socrates according to Plato, c. 400 B.C.E.

The future science of government should be called “la cybernetique.”
— André-Marie Ampere, 1843

Until recently, there was no existing word for this complex of ideas,

and... | felt constrained to invent one...
— Norbert Wiener, 1954



many views of cybernetics

La Cybernetique est I'art d’assurer |'efficacite de l'action.
— Louis Couffignal

The science of effective organization.
— Stafford Beer

The study of the immaterial aspects of systems.
—W. Ross Ashby

Cybernetics is... only practiced in Russia and other under-developed countries.
— Marvin Minsky



Feedback: Classic Example

Thermostat regulating room temperature

(via a heater)

Desired temperature e.g. 68° . . is indicated by adjusting the

temperature control lever
which in turn moves the bi-metal coil;
external increasing the desired temperature
electrical source moves the coil closer to the contact point;
: decreasing the desired temperature
@ moves the coil further from the contact point
o
(72}
O
=
=1 § o
© —+ -8'
c — C
—~+ .o —~+
Bi-metal coil. . .bends to touch the. ... Contact point. ... which sends a signal to the. .Heater
(as it cools)
. .bends the opposite . ... thus no signal is sent,
direction to lose and the heater shuts off

is measured by

contact with the. . .
(as it warms)

System

air temperature in the room

9sealdul ued

Why does a bi-metal coil bend?

bi-metal coils consist of two layers of metal
(usually iron and copper)

joined together to form one flat strip;
because the metals have different coefficients
of expansion, the strip will bend

lowers the

in one direction as it cools, and the opposite

direction as it warms

February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office

Cold air outside

31



Feedback: Biological Example
Regulating temperature in the human body

Desired temperature e.g. 98.6°

. o
3 S
: :
nerves in the SKin. . . send signals to the. . . Hypothalamus . . . reduces the flow of blood Heat

to the skin’s surface, to conserve. . .
(if the surrounding air is too cold)

. increases the flow of blood
to the skin’s surface to radiate. . .
(if the surrounding air is too warm)

is measured by
ay) s109j4e yoiym <—

System

temperature of the body

affect the

Air Temperature Fluctuations

February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office 47



Feedback: Social Example
Regulating traffic speed

City
sets desired speed of traffic
e.g. not more than 25 MPH

indul
indino

Cop w/Radar . . . monitors the Cop stops the speeder

9SB8109p UBD YOIYm &—

>
Q
e,
o
>
(72}
@®©
()
£
L2
System
Traffic Speed
The driver can incur fines,

o time spent in traffic school,

o and possibly higher insurance costs.

Z

= Seeing the cop,

< seeing someone else get a ticket,

and getting a ticket
Drivers “in a hurry” all limit our impulse to “speed”.

February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office
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Feedback: Formal Mechanism

Goal . .. describes a relationship
that a system desires to have
with its environment

indul
8 &——— Ul palpoquie s
Indino

a Sensor passes the current state value to 2 Comparator ... ... . responds by driving an Actuator
. has subtracts ... has
2 resolution — (Accuracy) the current state value resolution
o) frequency — (Latency) from frequency
g range — (Capacity) the desired state value range
o to determine
o
< the error
2
System

oy} spoope &——

Environment

can affect the %

Disturbances ... may be characterized as certain types
typically falling within a known range;
but previously unseen types may emerge
and values may vary beyond a known range;
in such cases the system will fail

because it does not have requisite variety
February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office



other sciences can only explain
how short linear sequences operate



first-order cybernetics

cybernetics explains how
circular causal systems work



double-loop system

cybernetics explains how
circular causal systems work—
even when they self-regulate and modify their goals.



learning system

cybernetics explains how
circular causal systems work—
even when they self-regulate and modify their goals.



Second-order Feedback: Formal Mechanism

An automatic feedback system (first-order) is controlled
by another automatic feedback system (second-order).
The first system is ‘nested’ inside the second.

Goal ... describes a relationship
& that a system desires to have
CBD with its environment
o
o)
o
s
o
=
— (o]
= =1
2 g
a Sensor passes the current state value to a Comparator ... .. responds by driving an Actuator
has subtracts ... has \L
z resolution — (Accuracy) the current state value resolution
- frequency — (Latency) from frequency o
g range — (Capacity) the desired sta_te value range r;D;
& to determine 7
g the error =
D
L
Observing System Goal ... describes a relationship
& that a system desires to have
g with its environment
o
o)
Qo
s
[oX
5
— o
= =1
g E
a Sensor passes the current state value to a Comparator .......... responds by driving an Actuator
has subtracts
z resolution — (Accuracy) the current state value
° frequency — (Latency) from
g range — (Capacity) the desired state value
& to determine
g the error
@
Observed System

Environment

has
resolution
frequency
range

oy} spoaye. <——

can affect the %

Disturbances

February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office
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Second-order Feedback: Classic Example
Person controlling a thermostat (regulating a regulator)

is felt by

Observing System

indul

is measured by

Bi-metal coil. . .contracts o touch the. ... Contact point . ... which sends a signal to the. .. Heater

Comfort ... person inside the room desires
the air temperature of the room to be 68°

acts to affect the

l L |

can also close a window. . . put on a sweater. . . .or, add insulation

Desired temperature e.g. 68° . . is indicated by adjusting the
temperature control lever
which intern moves the bi-metal coil;
increasing the desired temperature
moves the coil closer to the contact point;
decreasing the desired temperature
moves the coil further from the contact point

8 &— au Bunsnipe Aq
indino

(as it cools)
.. .expands to release the. . . ....thus no signal is sent,
(as it warms) and the heater shuts off

System

February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office

asealoul ued &——

air temperature in the room

lowers the ——>

Cold air outside

95



Second-order Feedback: Biological Example
The Role of Wolves in Regulating the Yellowstone Ecosystem

Decreasing the wolf population seemed to increase erosion

(and created a more desert-like environment).

Conversely, restoring wolves seemed to reduce erosion
(and restored much of the environment’s diversity).

humans
enact

laws

can bother ranchers,
can delight naturalists

provide
food for the

regulate
the number of

— > wolves

provide
opportunities
to trap elk for

Increasing Erosion

As the number of wolves drops,

the level of elk grazing around streams
(and the nearby willows) rises

(an unexpected outcome).

As more elk graze near the streams,
they destroy more and more willows—
eventually (over many years)
destroying nearly all of the willow.

As the willow population declines,
the beaver population declines.

As the beaver population declines,
the number of damns decrease.

As the number of the dams decrease,
the number of the ponds decrease.

Decreasing Erosion

As the number of wolves increases

(after reintroduction),

the level of elk grazing around streams
(and the nearby willows) drops—
presumably because the elk "sense"

the increased danger in these areas
where wolves can more easily trap them.

As fewer elk graze near the streams,
the willows grow back—often quite rapidly.

As the willow population increases,

the beaver population increases.

(The beaver seem to find their way back
even from other water sheds.)

As the beaver population increases,
the number of damns increase.

regulates As the number of the ponds decrease, As the number of the dams increase,
the grazing the speed and extent of erosion increase. the number of the ponds increase.
habits of
As the number of the ponds increase,
elk the speed and extent of erosion decrease.
regulate (Ponds slow the flow of water
) the number and trap and settle out sediment;
provide and size of ponds also increase willow habitat;
food for

— > willows

——— beaver

regulate
the number of

and willow roots hold soil in place.)

February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office

regulate
the number
and size of
damns
regulate
the number
and size of
create more provide
habitat for protection for the q
ponds regulate
the rate
and extent
can bother ranchers, of
can bother naturalists g
erosion

103



Second-order Feedback: Social Example
Levels of feedback in design processes

creates conditions in which

©

creates conditions in which

Meta-Designer

e
acts on
Designer
J )
X D
learns form learns from responds to sign

(physical or virtual artifact)

products

tools

tools for making tools

February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office

107





















\on et g, Pas. Tt
Lomveggpante OPubiley L

/F\ £gunl; _ |
/ @ 'f«;ie f SN ot
T 51&1,;1;{%

A‘)k‘bn{lw (zéfh"d'.jw , / / //

MWM’{L \ K .\;___*_7 | | O (:::;/\

e
s
- O = a L
MP:P{?MS(*{ u&qﬁw’{jﬁm *ﬂ'\nwl[/\ GN %i_ N
Mé/ eray VW‘{L\ leq [fﬁwrfdél A< MULT - MSDAL _
- e r6of N OTRUICTLAR.  COU (’w\iq
\'\ / 2

e L Q—
Ve Dvl - \

(L&D A @M&W«Jcﬂmﬁa‘\:' /\ﬂl‘;;[ / e
o As e}f‘{b\%!drﬁi - PS;; wfé.lo?ri-‘%x"r?o

. . _ H-F ;r\) THS éN\anNMM Wﬁ)‘s ‘naﬂﬁ.
— — ===



















- conversation



learning system

two or more learning systems may interact.

goal
measure compare act
_> 1
(set) goal
measure compare act
.
environment =

|

disturbance



conversing systems




Designer Arch Mach

goals

Means



how does conversation work”?

participant A participant B

after Dubberly Design Office 2008



a participant has a goal

@ @

participant A participant B



chooses a context

@ 9

participant A E participant B

context



Cchooses a language

shared
Ianguage

@ 9

participant A E participant B

context



begins an exchange

shared

:
@) :

interface

participant A participant B
action

context



evokes a reaction...

shared

language PN
: O
OO : 0

interface

participant A participant B
action

context



evokes a reaction...

shared
language
E
O |
_— ! evaluating

@ I

intell'face

participant A participant B
action

context



.that evokes a reaction

shared
language
e
96 | o©
learning _— ! ~— evaluating
(@ ; ®
intell'face
participant A : participant B

action | action

exghange | exchange

context



the exchange may continue

shared

language
Oo \ i , oo
learning ! evaluating

(@ ; ®

1
interface

participant A E participant B

action  action

exethange ; exchange

context



agreement may be reacheo

shared
language
agreement
OO --------------- : -------------- OO
learning _— ! ~— evaluating
(@ ' ®
intell'face
participant A : participant B

action | action

exghange | exchange

context



a transaction may occur

shared
language
O _________ agreement O
learning ) / E ~— ’ evaluating
(@ ' ®
intell'face
participant A : participant B
action @ transaction
exghange i exchange
context

after Dubberly Design Office 2008



CONVERSATION REDUX

shared

language
agreement
OO N T T T T : -------------- OO
learning et : ~— evaluating
(@ ; ®
interface
participant A : participant B

action (trans)action

exghange | exchange

context



CONVERSATION = C-L-E-A-T

shared

language
agreement
OO N T T T T : -------------- OO
learning et : ~— evaluating
(@ ; ®
interface
participant A : participant B

action (trans)action

exghange | exchange

context



Participant A Participant B

Description (L") shared

language

agreement

evaluating

|
interface

action | (trans)action
: exchange

context

Prescription (L°)

> How




Participant A

Description (L)

Prescription (L°)

shared
language

learning evaluating

exghange | exchange

context

shared
language

evaluating

learning

1
interface
1

participant A participant B

action (trans)action

exghange

context

|

Participant B

exchange

goals

means



goals

means



Designer Arch Mach

goals

means
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- design



design has changed...

iIPod
+
iTunes
+
Store

Table
+
Chairs

Hugh Dubberly



design has changed...

Hugh Dubberly

iIPod
+
iTunes
+
Store



design has changed...

Hugh Dubberly



design process must change

We are in a new era of technology, where the
sensor + mobility + video webs are being added to
the “text web”.

Designers will have new tools and media, which
will change the way they work, which suggests
changes in design education.

Designers will focus on systems not objects,
embrace complexity, and move from form-giving to
conversation-managing.

Hugh Dubberly



design process must change

We are in a new era of technology, where the
sensor + mobility + video webs are being added to
the “text web”.

Designers will have new tools and media, which
will change the way they work, which suggests
changes in design education.

Design = will focus on systems not objects,
embrace complexity, and move from form-giving to
conversation-managing.

Hugh Dubberly



design process must change

Design = systems +
complexity +
conversation



Design = systems +
complexity +
conversation



Design = systems +
complexity +
conversation

exehange

\_
participant A

shared
language

.'.f g
agreement /—\/ .

interface

partiéiﬁant B

action (trans)action

context

L
)~
oal ’

-~

evaluating

exchange



shared

e language ) :
goal " goal
N agreement T <
< ‘ ¢ ,«‘/ \ ,r/ N, -
learning evaluating
|" (@ ! ()
interface
N

parti-é_i_;;ant A partiéi[_iént B

action (trans)action

exehange

context

design for context
language
exchange
agreement
(trans)action



context of sharing

128



132

the WHY or value of an experience
gives a user an impetus to:

-capture it, in order to remember
-remember, to re-live

-re-live again by sharing

-share in order to connect
-connect to be seen + appreciated
-be seen in order to participate

-participate to create
new possibilities.



133

acts of sharing

user’s
experience +
desire to share

WHO Mary

WHAT | beach experience

WHEN now =

family vacation

WHERE Hawaii

enjoying leisure
WHY time
with family




136

user’s
experience +
desire to share

create a sharable

offer a
conversation

flowing from situation to situation

others evolve
conversation

. furth
WHO Mary Mary 3 closest friends for%argrng
VWHAT | beach experience photo photo photo
WHEN now = now = toda wﬁe);le_?gfmr?gvfl)as
family vacation | family vacation 4 there
WHERE Hawaii Hawaii Kaanampali, Kaanampali,
Hawaii Hawaii
WHY enjoyitrilﬁqleeisure enjoyitr;r%"leeisure sharing the it rained
with family with family experience the entire time




flowing from situation to situation

friends respond user uploads

looking for beaches posts query to FB user takes advice

with comments outcomes

WHO Alberto Alberto Mary Alberto Alberto
beach locations v hotos of beach locations

WHAT . places posted to FB Snorkeling at P .
for snorkeling recommended place for snorkeling

Mary’s beach”

WHEN future = future = future = now = now =
upcoming vacation upcoming vacation upcoming vacation on vacation on vacation
at home at home at home : :
WHERE but but but Snorkeling at Snorkeling at
about Hawaii about Hawaii about Hawaii Mary’s beach Mary’s beach
WHY finding great finding great finding great finding great finding great
places to snorkel places to snorkel places to snorkel places to snorkel places to snorkel

137



shared
language

,. " goal
| '\—\ agreement /—/ ! 9 a

learning P evaluating

interface

parti-é_i_;;ant A partiéi[_iént B

action (trans)action

exehange

context

context
design for language
exchange
agreement
(trans)action






shared
language

,. " goal
| '\—\ agreement /—/ ! 9 a

learning P evaluating

interface

parti-é_i_;;ant A partiéi[_iént B

action (trans)action

exehange

context

context
language
design for exchange
agreement
(trans)action



DESIGNING for COLLABORATION

Designing conversations and managing complexity



[ CONVERSATION }LL“S)[KNOWEDGJﬁ
PARTICIPANTS

ESTABLISHES
GOAL FOR

[ NEXT CONVERSATION }—)




[ CONVERSATION }LLDS)[KNOWDGE]ﬁ
PARTICIPANTS i

DETERMINES ESTABLISHES
CRITERIA FOR GOAL FOR

[@E&E&H%@ FEEDS { NEXT CONVERSATION }—)

PARTICIPANTS




CONVERSATION P [KNOWEDGEJ

eee..
PARTICIPANTS

BECOME i

¢ DETERMINES ESTABLISHES
CRITERIA FOR GOAL FOR
e 3 [N?EECLE%\'IPS'\,{A FEEDS ? NEXT CONVERSATION
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POSSIBLE What skills are needed? NEW PARTICIPANTS

PARTICIPANTS Who has these skills?

Who is available?
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PARTICIPANTS to manage the

conversation
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catalyst ideation solution delivery evaluation
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e,..
UNPREDICTABLE
CONTACT
WITH AGENCY
NECESSARY
IDENTIFY NECESSARY ROLES PARTICIPANTS

) 4

AND EXPERTISE
— “BEFORE” FEEDBACK ADJUSTMENT
SELECT AGENCY ©F CLIENT |- =&
010 11— > eee.. “AFTER”
NECESSARY

INFORMATION
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> —— 360° OPTIMIZATION

SELECT AGENCY © CLIENT |=> soruTion
CORE o o o o i i i i > eeee.. PLAN

&
SELECT AGENCY
F::[;)LREES --------- 9 e e e e e

360
CLI ENT DEPLOYMEI\%

C’D

PARTICIPANTS v
SELECT 5 [AGENCY (2 CLIENT}
CORE e > e
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catalyst

ideation

AGENCY @ CLIENT

UNPREDICTABLE
CONTACT
WITH AGENCY

IDENTIFY NECESSARY ROLES

AND EXPERTISE

CORE
ROLES

Every new engagement begins from an initial contact: client
and agency have some exchange. This can't be predicted and
so who from the agency is engaged can't be planned. In the
exchange the agency learns of some catalyst, some reason
why the client has made contact, and may learn little more in
this first, usually brief, encounter. A set of questions defines
selection criteria for participants and information for the
“ideation” conversation:

What was catalyst for the contact? What was said?
What is bothering the client?

NECESSARY
PARTICIPANTS

AGENCY &Y CLIENT

NECESSARY
INFORMATION

What is the business and market context?

Who are key players for client and agency?

What is the client culture and brand about?

What are client’s goals? Does the client know them?

Given the above, what roles, filled by what individuals, are
appropriate for the ideation stage?



DESIGNING for INNOVATION

What did we learn?

[ CONVERSATION }_)[Kmo'\\ﬁ'\émj
What questions

do we answer next?

GOAL

What expertise do we need [ SELECTION ] [ N EXT CO NVERSATI 0 N H
to answer our questions?

What information do we need
to answer our questions?

EXTERNAL

%‘NJ New York



shared
language

,. " goal
| '\—\ agreement /—/ ! 9 a

learning P evaluating

interface

parti-é_i_;;ant A partiéi[_iént B

action (trans)action

exehange

context

context
language
exchange
design for agreement
(trans)action






— what is innovation?



Innovation is

an insight that
Inspires change
that creates value.



Innovation 1S not just
..an idea
..an invention
..an improvement
..simple creativity.



Innovation

...can be modeled as a conversation
— goals + feedback + actions

...requires sufficient variety

...IS a co-evolutionary process.
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Notes on the
Role of
Leadership
and Language
In Regenerating
Organizations















Expanding language
Increases opportunity.

The conversations necessary
for generating new opportunities
come from outside the system.

For an organization to survive,
It must be able to acquire
new, relevant language domains.



To regenerate,
an organization creates
a new language.

To support an organization’s future viability,
effective decision makers actively introduce change
into the system.

They do so by generating new language
that appropriate groups in the organization
come to understand and embrace.

This new language does not overtly challenge
the pre-existing, efficient system,

but rather creates new distinctions

and supportive relationships.



Manager Entrepreneur

seeks efficiency @\ /@ seeks opportunity

inside outside
(within the organization) (in the environment)
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Conversation to Agree on Goals A
Decide why we are doing what we are doing
- to create value for shareholders

- to pursue our vision for a market

- to commit to sustainable innovation.
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Conversation to Agree on Goals

Decide why we are doing what we are doing
- to create value for shareholders

- to pursue our vision for a market

- to commit to sustainable innovation.

Conversation to Design the Designing
|dentify irreplaceable expertise for success
in designing a new space of possibilities.

. Conversation to Create New Language
As a new space of possibilities evolves,
a new language frames and defines it.

. Conversation to Agree on Means
Decide how to achieve our goals, that is,
create a plan for the actions of the
enterprise.
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. Conversation to Create New Language
As a new space of possibilities evolves,
a new language frames and defines it.

. Conversation to Agree on Means
Decide how to achieve our goals, that is,
create a plan for the actions of the
enterprise.
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Requirements for Focusing Problems

e Problem class replaces transformation of mass & energy with
actionable information flows—so that it participates
in the new economy—"bits to atoms”

e Fconomic potential—removing uncertainty in the market
is worth something

e Consistent with the social system—to connect with who we are
(our history) & what we can see ourselves engaging in

e Requisite variety of domains of expertise needed to solve
problem can be defined and made available

e Initial set of individuals who want to do it

e An exemplar or teacher for the business as a whole—
so that what is learned can be reproduced.
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how has cybernetics
influenced design theory!?

begins in complex problems early in 20th century—then...
Hochschule fiir Gestaltung in Ulm, Germany
Norbert Wiener and Martin Heidegger lecture there
Bucky Fuller and Charles Eames visit
British and American design school faculty visit
Christopher Alexander and Horst Rittel teach there, then at Berkeley

Venturi’s “Learning from Las Vegas” in 1972 marks the symbolic end of Design Methods
as a focus in architecture

About the same time, John Chris Jones and Chris Alexander repudiate Design Methods

In 1972, Rittel critiques the state of design methods, calls for a shift to
design as rhetoric, echoing 2nd-order cybernetics



Rittel’s Problems

simple problems
question is clear—we only need to provide an answer
most design problems given in school are like this 1st-order

cybernetics

complex problems

we frame the current situation in order to show
how it differs from a preferred situation

most design problems encountered in practice are like this

wicked problems 2nd-order

participants hold conflicting views of the problem cybernetics

coming to agreement on the problem is impossible—
without reframing

reframing is a process of construction and agreement
the most important problems of the 2 Ist century are like this



Machines & Revolutionary Eras

lowering cost of ... physical work uncertainty valuable insights

Industrial Information Conversation

Revolution Revolution Revolution

1750—7 | 1955—7 | 1995—7
Machines... amplify amplify amplify variety

muscles nervous system in conversation
... Create wealth by doing ‘ lowering ‘ evolving

191



paulpangaro@pangaro.com
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Industrial Age Worldview

Eras

Every era has a dominant worldview
that is the basis for creating value

by exploiting a surplus to compensate
for a scarcity.

years 1760 to ...

constraint /
primary cost

labor = time + effort

efficiencies  save = break work into
sought..  time  smaller pieces
save = machine extension
labor of muscles
abundance  energy from fossil fuels
means of

mass production

wealth creation of product

technology of
commaeaditization

hardware = machines +
assembly lines

new constraint
created

lack of flexibility

Information Age Worldview

1970 to ...

information processing

break information into
smaller pieces: DB
records & fields, message
packets

coordination by message
passing

Moore’s Law
in computer hardware

mass production
of data

software = DBMS queries

+ messaging

reaching coherence

Each coming era overlaps with
the prior one.

This creates confusion about
how wealth may be created.

Conversation Age Worldview

2010 to ...

reaching insight

evolving insights
faster & cheaper
via just-in-time
conversations using
the social graph

Metcalfe’s Law
of social networks

demand-activated
production

services = agreement
+ trusted
hets

creating new designs

4%

converging on
effective plans

just-in-time design:
faster & cheaper
agreement through
dialectic

tracking of
evolving agreements

demand-activated
innovation

services = bank of
insights

insight inflation



changing beliefs requires conversation

questions and testing understanding

N CD__\\
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L . @ conveying new ideas > @ _____ )
brand consumer

after Dubberly Design Office 2008



a lot of conversation Is Internal

conversation & feedback
mostly internal ~ ,--------------- Q“\I

@ 5\_>) @ ______ Ii

brand consumer




02 conversation iIs more influential
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brand consumer




02p + Internal conversations are needed
to ensure beliefs are shared
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brand consumer



02p + Internal conversations are needed
to ensure beliefs are shared

brand consumer



true conversation IS a co-evolution
of Ideas and possiblilities

brand consumer



ARTIFICIAL INTELLIGENCE contrasted with

cognitive systems have
an inside and outside

representation

organisms map
external objects to
internal state

memory

nervous syste
stores informatio

reality

truth exists
in the world

\ epistemology

intelligence resides
in manipulation of information

CYBERNETICS

cognitive systems
are autonomous

organisms map
through an environment
back onto themselves

nervous system reproduces
adaptive relationships

social agreement is
primary objectivity

intelligence resides in
observed conversations




