CYBERNETICS CONVERSATION DESIGN

CUSO SEMINAR — University of Fribourg

Dr Paul Pangaro — New York City
November 2014

PERCEPTION

THEORIE DU MESSAGE

CYBERNETIQUE

ﬁ

T




CYBERNETICS CONVERSATION DESIGN

PERCEPTION

THEORIE DU MESSAGE

CYBERNETIQUE

aVa

-




CYBERNETICS

definition & characteristics

first-order feedback models
requisite variety

double-loop feedback models
second-order epistemology

innovation as cybernetic process



CYBERNETICS

what is cybernetics?
what is the cybernetics of conversation?

why is cybernetics a science for design?



CYBERNETICS

from Greek ‘kybernetes’—the art of steering
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CYBERNETICS

system has goal

system aims, acts toward goal
environment affects aim

information returns to system—feedback’

system measures difference between state and goal
—detects ‘error’

system acts to correct the error, to achieve its goal



CYBERNETICS

from Greek ‘kybernetes’—the art of steering
in Latin, the same term becomes ‘governing’
— regulation by law or person

— government means regulation



CYBERNETICS

“... introduces for the first time —

and not only by saying it, but methodologically —

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

compares heading with
goal of reaching port

adjusts rudder
to correct heading

ship’s heading
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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

After Dubberly Design Office “Creative Process” concept map



quality cycle (management)

plan

check operate

After Dubberly Design Office “Creative Process” concept map



scientific method

hypothesize

observe experiment

After Dubberly Design Office “Creative Process” concept map



design process

compare

measure act

After Dubberly Design Office “Creative Process” concept map



mobile devices

compute

sense from act at
a distance a distance
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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

»
@
S
o
(72}
o
=
_. 3 o
=] g <
© — S
=1 ] =
Bi-metal coil. . .hends to touch the. ... Contact point . .. . which sends a signal to the. Heater
(as it cools)
2 . .bends the opposite ....thus no signal is sent,
3 direction to lose and the heater shuts off S
5 contact with the. . . >,
17} 5 =}
© (as it warms) o
D @
€ o
Bt @
System
air temperature in the room
Why does a bi-metal coil bend?
bi-metal coils consist of two layers of metal _ch
(usually iron and copper) ;
joined together to form one flat strip; o
because the metals have different coefficients 2
of expansion, the strip will bend o
in one direction as it cools, and the opposite . .
direction as it warms Cold air outside
31
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Feedback: Formal Mechanism

Goal ... describes a relationship
that a system desires to have
with its environment
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a Sensor passes the current state value to 2 Comparator ... ... .. responds by driving an Actuator
. has subtracts ... has \L
2 resolution — (Accuracy) the current state value resolution
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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 29
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lue to 2 Comparator . ..

subtracts
the current state value
from
the desired state value
to determine
the error

System

— Environment
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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;
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is measured by

. has subtracts
resolution — (Accuracy) the current state value
frequency — (Latency) from
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Feedback: Formal Mechanism

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

indul
8 &——— urpaipoquie s
indino

a Sensor passes the current state value to a Comparator ... ... .. responds by driving an Actuator

. has subtracts ... has J/
2 resolution — (Accuracy) the current state value resolution
D frequency — (Latency) from frequency o
5 range — (Capacity) the desired state value range @
a to determine @
q) —
£ the error 2
%

System

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
29
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Feedback: Biological Example

Regulating temperature in the human body

Desired temperature e.g. 98.6°

—_ o
> S
H g
nerves in the Skin. . . send signals to the. . . Hypothalamus . . . reduces the flow of blood Heat
to the skin’s surface, to conserve. . . \L
o (if the surrounding air is too cold)
i) g
o : =)
@ . increases the flow of blood =)
2 to the skin’s surface to radiate. . . o
s (if the surrounding air is too warm) C:g“h
E &
2 -
System a
temperature of the body
]
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]
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Air Temperature Fluctuations
47
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Feedback: Social Example
Regulating traffic speed

indui

ﬁ Cop w/Radar . .. monitors the

is measured by

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

System

ndino

Cop stops the speeder

9SB9109P URD Y2Iym J

Traffic Speed

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

can increase

Drivers “in a hurry”

The driver can incur fines,
time spent in traffic school,
and possibly higher insurance costs.

Seeing the cop,

seeing someone else get a ticket,
and getting a ticket

all limit our impulse to “speed”.

51
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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 I'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



many views of cybernetics

the immaterial aspects of systems.



other sciences can only explain

how short linear sequences operate

input

process

output

“science” comes from the
same root as ‘‘schism”—
a cleft or split.

conventional sciences
solve difficult problems
by carving them up

into small slices,

each of which is tractable.



first-order cybernetics

cybernetics explains how
circular causal systems work — single loop

goal

'

measure act
_— compare

environment =

|

disturbance
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requisite variety

cybernetics has a rigorous definition
of the limitations of a system
to achieve its goal
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does the systein possess sufficient variety
to achieve its goal.in the current.environment?



requisite variety

system

yes or no:

does the system possess A\

sufficient variety to regulate

its essential variables

and maintain its goal? ‘
\/ environment

/\/\/\W



requisite variety—effectors

goal
system
sufficient variety...
what are the parameters in
the environment that the A N effectors
system can effect!
within what range of those \/ environment

parameters can the system

maintain control? o2 NN



requisite variety—sensors

goal
system

sufficient variety...

is there sensing of the P
environment such that Sensors A
deviations from goal

can be detected! \/

environment
do the sensors have

sufficient resolution & AN ANAA A~~~

speed so that the system

can respond in time!



requisite variety

cybernetics has a rigorous definition
of the limitations of a system
to achieve its goal



requisite variety

Ashby’s Law of Requisite Variety:

the variety (complexity) of a system
must be equal to (or greater than)
the variety of its environment

for the system to reliably achieve its goals.



Example: Space Heater

Sensor Actuator

Total input Total output
into the system of the system




Determining the effective range of a space heater
(How much variety does it have?)

10m

100 m? room

“.10m

Air in the room to 68° .. heat escapes through the Exterior wall

(]
<
+

(2]
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©

()
i =

<— Air temperature

measured by

the space heater
AN Oil Filled Space heater
AN 1500 Watt

10'

% Cold air outside e.g. 60°



Graphing the effective range of a space heater

Inside
Temperature

100°

90°

80°

70°

60°

50°

40°

30°

20°

10°

0°

-10°

-20°

-30°

-40°

-60°

As the outside temperature drops

below the effective range

the heater fails to maintain the inside temperature.
And you get cold quickly.

\

As the outside temperature rises
above the set point,
the inside temperature will also rise.

Effective Range B :
: A i
4 : N )
: : : In the “effective range”,
: : : the system is able to maintain
Effective Range A a constant inside temperature.
50°  -40°  -30° 200 -10° 0° 10° 200 30°  40° 50°  60°  70°  8°  90°  100°

Outside Temperature

These figures are only intended as a theoretical example.



Where does the space heater fail?

80° [

70° =

o —
60 Effective Range A

500 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, . B | A | N . JVINW, A/ NN\ /o N NN NN LN NN

> Effective Range B
40°

30° |~

20° —

10°

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Daily Low Temperature
San Francisco, California 2004



requisite variety

which can be applied to social systems
— variety is defined as capacity for conversation

— local truth controls the “essential variables”
that determine the viability system
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definition & characteristics
first-order feedback models
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o double-loop feedback models

second-order epistemology

innovation as cybernetic process



double-loop systems

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

goal

:

measure compare act
_> 1
(set) goal

'

measure compare act
—

environment <1

|

disturbance




double-loop systems

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

goal

¢ t because they can modify
measure compare ac o o
e, ’ g their internal goals,
double-loop systems are
‘S‘*"f“' also learning systems.
measure compare act
—
environment -

!

disturbance



learning systems

cybernetics explains how

circular causal systems work—

even when they self-regulate and modify their goals.

goal

'

measure compare
—

measure
—

act

:

(set) goal

'

compare

environment

|

disturbance

act

-

software services engage
users in circular causal loops.

these loops involve actions
to achieve goals as well as
modification of goals.

cybernetic models are
well suited to the process
of designing user interaction.



learning systems

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

goal

| organizations are structured
in multiple, circular-causal
measure compare act
A —l loops.
(set) goal these loops involve actions
| to achieve goals as well as

modification of goals.

measure compare act
——

cybernetic models are
well suited to the process
anvirorment <o Y| of understanding—and

T designing—organizations.

disturbance
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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
with its environment
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a Sensor passes the current state value to a Comparator ... .. responds by driving an Actuator
has subtracts
2 resolution — (Accuracy) the current state value
3 frequency — (Latency) from
5 range — (Capacity) the desired state value
& to determine
Q
€ the error
R2)

Observing System

nduj

has

resolution — (Accuracy)
frequency — (Latency)
range — (Capacity)

is measured by 1

has

resolution

frequency

range

a Sensor passes the current state value to 2 Comparator

&
o 3yl s1osjje

describes a relationship
that a system desires to have
with its environment
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subtracts
the current state value
from
the desired state value
to determine
the error

Observed System

February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office
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frequency
range
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can affect the %

Disturbances

93



indul

— aSe

indino

tor

has
resolution
frequency
range

oy} spooye &——

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




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
with its environment
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Second-order Feedback: Classic Example
Person controlling a thermostat (regulating a regulator)

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

A

is felt by

"‘

Observing System

is measured by 1

————— acts to affect the \I/ \I/ \I/

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

indur
8 &— oy Bunsnipe Aq
indino

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

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

oseaIoul Ued J

System

air temperature in the room

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

lowers the ——>

Cold air outside
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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 -

laws

can bother ranchers,
can delight naturalists

provide
food for the

regulate
the number of

—— > wolves

provide
opportunities
to trap elk for

regulates
the grazing
habits of
elk regulate
. the number
provide and size of
food for

can bother ranchers,
can bother naturalists

create more
habitat for

— > willows

provide

—— > beaver

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.

As the number of the ponds decrease,
the speed and extent of erosion increase.

regulate
the number of

regulate
the number
and size of

damns

protection for the

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.

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

As the number of the ponds increase,

the speed and extent of erosion decrease.
(Ponds slow the flow of water

and trap and settle out sediment;

ponds also increase willow habitat;

and willow roots hold soil in place.)

regulate
the number
and size of

regulate
the rate
and extent
of

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

erosion
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Second-order Feedback: Social Example
after Douglas Englebart

Organizational ‘boot-strapping’ process
relies on nested feedback loops.

l

goal = improve the means of improvement

—> observe success codify roll-out

corporate quality management process

goal = improve local process

—> observe problem prototype test change

local quality management process

goal = maintain quality output
(raw material) (finished product)

——> > input production output — ——

local process

February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office
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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
9 ®
R B
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



CYBERNETICS

definition & characteristics
first-order feedback models
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double-loop feedback models
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innovation as cybernetic process
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first-order cybernetics
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first-order cybernetics

~ O observed

= /(\ ( system
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first-order cybernetics

observing — O observed

system | | < /(\ ( system

\V4
ANAA A~



second-order cybernetics

first-order cybernetics

observmg@ ~ O observed

system \\4 — /(\ ( system

N\NAA A



what do we pay
attention to!

> that’s our choice

/(\ (

\V4

observing — O observed
-

system ?\ \(/ system

/VV\W’



observing — > observing
system “— system

<

observing — > observing
system | ey | system



observing — > observing
system ' o - system

¢

observing — ] > observing
system | -t | system




architecture of social interaction

A B compares B’s goals B

to A’s actions
6 A’s goals B’s goals 5

A’s actions > B’s interpretations




shared history leads to relationship

A’s model of B’s goals

C ’ A’s goals B’s goals

A’s interpretations | ~ B’s actions




relationships are forged in interaction




contrasting terms

second-order double-loop
cybernetics systems
nested systems nested systems
observing system outer loop
observes controls
observed system inner loop
introduces subjectivity changes its own internal goal
emphasizes a point-of-view defines a structure
epistemological stance™ epistemological stance™

* because all models are subjective
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first-order cybernetics

language and agreement
in
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second-order cybernetics
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ARTIFICIAL INTELLIGENCE contrasted with CYBERNETICS

cognitive systems have

o : cognitive systems
an inside and outsid®

are autonomous

PP representation

organisms map organisms map
exterpal objects to through an environment
internal state back onto themselves

memory
nervous system nervous system reproduces
stores information adaptive relationships
reality
truth exists social agreement is
in the world\ primary objectivity
epistemology
intelligence resides/ intelligence resides in

in manipulation of information observed conversations




second-order views of cybernetics

The science of observing systems.
— Heinz von Foerster

Cybernetics of Cybernetics.
— Margaret Mead

The science and art of human understanding.
— Humberto Maturana

The art and science of manipulating defensible metaphors.
— Gordon Pask



second-order views

Heinz von Foerster
Gordon Pask

Humberto Maturana



goals of cybernetic modeling

see causality as a loop
move from hierarchy to participation & shared goals
place actions in the context of goals
understand what is possible for a system
- possibilities are defined by ‘requisite variety’ (RV)
- RV informs changes to system to improve it
measure the degree of mutual understanding
- define ‘conversation’, ‘agreement’
define and realize ‘intelligent systems’
discuss participation, choice, ethics



scope of cybernetics

explanation of communication = psychology
modeling of learning = cognitive science

limits of knowing = epistemology

hearer makes the meaning = post-modernism
reality as social construction = constructivism
reliable methodologies of describing = science

measuring understanding & agreement
= science of subjectivity
= second-order cybernetics



analogs to cybernetics

relying on feedback to refine goals = design
understanding customer needs = consultative selling
organizing evidence to support conclusions = law
directing and measuring work = management
diagnosing treatments from symptoms = medicine

specifying physical systems = engineering



Andrew Pickering

‘performative ontology’



CYBERNETICS

definition & characteristics
first-order feedback models
requisite variety

double-loop feedback models
second-order epistemology

2 innovation as cybernetic process
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lots of talk about “innovation”
...we're told it's the key for business
... we must continue to innovate!”

...but there are not many specifics.



—what is innovation?
— how do we get it?



Innovation Is

an insight that
Inspires change
that creates value.
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Innovation is not simply
...an idea
...an invention
...an improvement
...simple creativity.



iInnovation

...can be modeled as a cybernetic system
— goals + feedback + actions

...requires sufficient variety

...IS a co-evolutionary process.



iInnovation

conventiorf*®tonvention
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— how do we get it?



most “innovation strategies”
are vague suggestions:

- be open-minded

- encourage diversity

- learn to trust each other

- encourage experimentation
- spend money.



how do we Increase the
likelihood of innovation?

- focus on a specific problem

- choose participants carefully
- encourage obsession

- pay attention to conversation.
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—when do we need it?
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CYBERNETICS

definition & characteristics
first-order feedback models
requisite variety

double-loop feedback models
second-order epistemology

xg innovation as cybernetic process
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