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The Future of Cybernetics is…
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The Future of Cybernetics is Robotics
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The Future of Cybernetics is AI—

Annapurna Pictures

https://www.kickstarter.com/projects/kirilleremenko/artificial-intelligence-a-ztm-learn-how-to-build-a
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The Future of Cybernetics is AI— 
… but Cybernetics is not AI  
… but Cybernetics is not Biomechatronics 
… but Cybernetics is not Robotics 
… but Cybernetics is not Chips in Your Brain 
… and Cybernetics is not Freezing Dead People!
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the art of regulation 

detection of error

feedback
correction of error

adjusts rudder
to correct heading

compares heading with 
goal of reaching port

ship’s heading
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the art of regulation 

ship’s heading

comparing

sensing
acting

adjusts rudder
to correct heading

compares heading with 
goal of reaching port
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clinical practice (medicine) 

diagnose

examine treat

After Dubberly Design Office “Creative Process” concept map
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quality cycle (management) 

plan

check operate

After Dubberly Design Office “Creative Process” concept map
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scientific method 

hypothesize

observe experiment

After Dubberly Design Office “Creative Process” concept map
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design process 

compare

measure act

After Dubberly Design Office “Creative Process” concept map
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mobile devices 

compute

sense from  
a distance

act at  
a distance



Cold air outside 

is
 m

ea
su

re
d 

by can increase 

input

output

Bi-metal coil Heater

System

Desired temperature e.g. 68º 

air temperature in the room 

lo
w

er
s 

th
e 

. . . is indicated by adjusting the 
 temperature control lever 
 which in turn 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 

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
in one direction as it cools, and the opposite
direction as it warms

Contact point . . .bends to touch the. . . . 
 (as it cools) 

external
electrical source 

. . .bends the opposite 
 direction to lose  
 contact with the. . .  
 (as it warms) 

. . . . which sends a signal to the. . . 

. . . . thus no signal is sent, 
 and the heater shuts off 

. . . sends current to. . . 

31February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office

Feedback: Classic Example
Thermostat regulating room temperature 
(via a heater)



System

Goal

Environment

Disturbances

a Comparator

is em
bodied in

subtracts
the current state value

from
the desired state value

to determine
the error

is
 m

ea
su

re
d 

by affects the

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

. . . 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

. . . has 
 resolution – (Accuracy)
 frequency – (Latency)
 range – (Capacity)

. . . has 
 resolution
 frequency
 range

ca
n 

af
fe

ct
 th

e

input

output

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

29February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office

Feedback: Formal Mechanism
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input

output

nerves in the Skin Heat

System

Desired temperature e.g. 98.6º 

temperature of the body 

Air Temperature Fluctuations 
af

fe
ct

 th
e

Hypothalamus. . . send signals to the. . .

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

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

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

Feedback: Biological Example
Regulating temperature in the human body
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hich can decrease 

input

output

System

Traffic Speed 

Drivers “in a hurry” 
ca

n 
in

cr
ea

se

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

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”.

Cop w/Radar Speed Limit . . . monitors the . . . . . . . . . . . . . . .  . . . if > 25 MPH . . . . . . Cop stops the speeder 

51February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office

Feedback: Social Example
Regulating traffic speed
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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.
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acts to affect the 

Comfort

Observing System

Cold air outside

is
 m

ea
su

re
d 

by can increase

by adjusting the

input

output

Bi-metal coil Heater

System

Desired temperature e.g. 68º

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

air temperature in the room

lo
w

er
s 

th
e

Contact point. . .contracts to touch the. . . .
 (as it cools)

. . .expands to release the. . . 
 (as it warms)

. . . . which sends a signal to the. . .

. . . . thus no signal is sent,
 and the heater shuts off

. . . 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

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

95February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office

Second-order Feedback: Classic Example
Person controlling a thermostat (regulating a regulator)
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Norbert Wiener 
Mathematician 

Author of Cybernetics 
1948
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Warren McCulloch 
Neurophysiologist & Poet 

Author of Embodiments of Mind 
1965



Photo via UN Multimedia

Margaret Mead 
Anthropologist 

Founder of  
American Society  
for Cybernetics
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Proceedings of 
The Macy Meetings 

Conferences in Cybernetics 
1946–1953





Heinz von Foerster 
Physicist & Cybernetician 



1982 2002





mathematics

psychiatry

electrical eng.

chemistry

psychology

mathematics
physiology

biophysics

anthropology etc.

philosophy

linguistics etc.

mathematics

social science

physics

neurophysiology

biology

zoology

1953
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wind or tide

correction of error
course set

the art of steering 

correction of error
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the art of regulation 

comparing

sensing acting



Paul Pangaro / Nano Worlds Fair – San Francisco / March 2018

Gordon Pask 
Cybernetician 
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Gordon Pask & Elizabeth Pask 
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Gordon Pask 
London  

circa 1988 
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Gordon Pask’s 
Musicolour 

mid-1950s
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Musicolour 
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Gordon Pask’s 
Musicolour 

mid-1950s

More on Musicolour

http://pangaro.com/pask/Pask%20Cybernetic%20Serendipity%20Musicolour%20and%20Colloquy%20of%20Mobiles.pdf
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Gordon Pask’s 
Eucrates 

1958
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Gordon Pask’s 
Eucrates 

1958
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Gordon Pask’s 
Eucrates 

1958
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London 1968
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Cybernetic Serendipity 
Institute for Contemporary Arts 

London 1968
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COLLOQUY OF MOBILES

Colloquy of Mobiles 
Institute for Contemporary Arts 

London 1968



Paul Pangaro / Nano Worlds Fair – San Francisco / March 2018

Colloquy of Mobiles 
Institute for Contemporary Arts 

London 1968



COLLOQUY 2018 Project

76

Colloquy of Mobiles 
Institute for Contemporary Arts 

London 1968

Click for more about 

https://ccsmfa.wordpress.com/2018/01/14/remaking-pasks-colloquy-of-mobiles/
https://ccsmfa.wordpress.com/2018/01/14/remaking-pasks-colloquy-of-mobiles/
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Gordon Pask 
Concordia University 
Montreal, Canada 

1979 

Click to go to video

http://cyberneticians.com/index.html#gp


1975 1976
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MIT Architecture Machine Group 
1976 



Nicholas 
Negroponte’s 
Soft Architecture 
Machines 

1976 



Aspects of 
Machine 
Intel I igence 
Introduction by Gordon Pask 

Nicholas 
Negroponte’s 
Soft Architecture 
Machines 

1976 



Gordon Pask’s 
Hand-drawn Figures 

“Aspects of Machine Intelligence” 
in Soft Architecture Machines 
edited by N. Negroponte  

1976 

Click for full paper

http://pangaro.com/pask/pask%20aspects%20of%20machine%20intelligence.pdf










Gordon Pask’s 
Hand-drawn Figures 

“Aspects of Machine Intelligence” 
in Soft Architecture Machines 
edited by N. Negroponte  

1976 

Click for full paper

http://pangaro.com/pask/pask%20aspects%20of%20machine%20intelligence.pdf


Machine DesignerHuman Designer



means

goals

Machine DesignerHuman Designer



means

goals

Machine DesignerHuman Designer
Gordon Pask’s 
Hand-drawn Figures 

“Aspects of Machine Intelligence” 
in Soft Architecture Machines 
edited by N. Negroponte  

1976 

Click for full paper

http://pangaro.com/pask/pask%20aspects%20of%20machine%20intelligence.pdf
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THOUGHTSTICKER  
Gordon Pask’s Lab 
Richmond, England 

1979 

Click for more

http://pangaro.com/thshpix/
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THOUGHTSTICKER 1986 
Algorithms coded by Jeffrey Nicoll 
UI coding & UX by Paul Pangaro

Click for more

http://www.pangaro.com/history-conversation-theory.html
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THOUGHTSHUFFLER 2013  
UI design and coding by Jeremy Scott Diamond  
UX & heuristics by Paul Pangaro 
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THOUGHTSHUFFLER iOS 2013 
UX by Miriam Simun 
UI by See-ming Lee 
concept & heuristics by Paul Pangaro



to come

Streamfully 
UI by Barbara de Wilde & John Katagawa 
UI coding by John Katagawa 
UX & heuristics by Paul Pangaro 

2015
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Luigi’s Pizza: A Parable

Click image see blog post

https://ccsmfa.wordpress.com/2016/11/08/luigis-pizza-a-parable/
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Axiom #1

Conversation is the minimal ethical interface 
where conversation means reliable transparency 
of action & intent—what & why across the interface.
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Why does conversation matter?

• to coordinate action, we must reach agreement 
• to reach agreement, we must have engagement  
• to have engagement, we must have shared language.

Cooperation and Collaboration require Conversation
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What may follow from conversation?

• shared history 
• relationship 
• trust 
• unity
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Conversation is the foundation for:

• community  
• commerce 
• culture  
• governance 
• society

107



Paul Pangaro / Nano Worlds Fair – San Francisco / March 2018

Axiom #2

Conversation is the minimal humane interface  
growing the understanding & informing the action  
of one or more willing & active participants 
such that trust and collaboration may arise.
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• responding to fulfill a given task 
• offering different means (tasks) to achieve a goal 
• helping to achieve an underspecified goal 
• collaborating to define the goal.

Will Conversation Interfaces be designed to do these?

What’s a “humane conversation”?
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What’s a “great conversation”?

• stays sensitive to context 
• avoids repetition while offering something novel 
• maintains continuity 
• raises great questions  
• helps you be what you want to be… or to become. 

Why can’t AI + Conversation Interfaces do these things?
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Gordon Pask’s 
Cognitive Process Model of 
Conversation & Consciousness
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ARTIFICIAL INTELLIGENCE              contrasted with CYBERNETICS

cognitive systems have 
an inside and outside

organisms map 
external objects to 

internal state

nervous system 
stores information

truth exists 
in the world

intelligence resides 
in manipulation of information

representation

memory

reality

epistemology

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

Click for more on AI versus Cybernetics

http://pangaro.com/definition-cybernetics.html
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The goal of design for conversations is to facilitate the 
emergence of conditions in which others can design— 
to create conditions in which conversations can emerge— 
and thus to increase the number of choices open to all.

Cybernetic Design = Design for Conversation

–– Dubberly & Pangaro, Cybernetics and Design: Conversations for Action, 2017

Click for more on Cybernetics and Design

http://www.dubberly.com/articles/cybernetics-and-design.html


XHeinz von Foerster ’17 / Vienna June 2017 / Paul Pangaro

“I shall act always so as to increase the total      
  number of choices.”

— Ethical Imperative, Heinz von Foerster 

Click for more on Ethics and Cybernetics

http://Click%20for%20more%20on%20AI%20versus%20Cybernetics


XHeinz von Foerster ’17 / Vienna June 2017 / Paul Pangaro

“If you desire to see, learn how to act.”

— Aesthetic Imperative, Heinz von Foerster 

Click for more on Heinz von Foerster

http://www.pangaro.com/Heinz-von-Foerster/von-foerster-and-BCL-biological-computer-lab.html
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The Future of Cybernetics is Conversation

Paul Pangaro, Ph.D.

Chair and Associate Professor 

MFA Interaction Design Program 

College for Creative Studies, Detroit

paul@pangaro.com

Special Thanks to: 
Karen Berntsen

Hugh Dubberly

Pooja Upadhyay

Download slides from pangaro.com/Pangaro-Nano-2018.pdf

mailto:paul@pangaro.com?subject=
http://pangaro.com/Pangaro-Nano-2018.pdf
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Alexa, can you please acquire the skill of conversation 
Alexa, what is “conversation”?
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- What channel is being opened to begin the conversation?  
Is the interruption reasonable in how and when it intrudes?  
What is the bio-cost of the intrusion relative to its benefit?  
Are there better ways to interrupt?  

- Is the first message clear?  
Does it offer something to the recipient?  

- Does the exchange convey the potential benefits in continuing? 
Is there learning or delight? Is curiosity or interest stimulated?  

- Is meaning easily understood— 
do the messages speak in the language of the participants? 
Are messages sensitive to others’ context, needs, interests, values?  
How can messages be made more efficient or clear?

http://www.dubberly.com/articles/
what-is-conversation.html

Questions for Designing for Conversation

 From “What is Conversation?”
 Dubberly & Pangaro 2009

Applying C-L-E-A-T

Why can’t AI + Conversation Interfaces do all this?
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- What does the Conversation Interface (CUI) know about the user’s context— 
what more can it know, automatically or by input from the user? 

- How can a user convey intention to the software— 
can the CUI be open to the user’s goals, values, preferences? 

- Does the CUI evolve during the engagement— 
in addition to understanding the user, can it build new knowledge?  

- When should the CUI be confident it understands the user— 
and when should it double-check?  

- Can the CUI’s capabilities build a relationship of trust— 
what does that take?

Questions for Designing “Conversation Interfaces”
Applying C-L-E-A-T

When will Conversation Interfaces do all this?

http://www.dubberly.com/articles/
what-is-conversation.html

 From “What is Conversation?”
 Dubberly & Pangaro 2009
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The 
Machine 
Revolution

Role of 
machines…

Extend and 
enhance… …muscles

(1750–1850) (1955–1995)

…muscles and 
nervous system…nervous system

(2015–?)

Create value 
by lowering 
the cost of…

…performing 
physical labor

…performing 
cognitive tasks …collaborating

Industrial 
Revolution

Computer 
Revolution

Conversation 
Revolution
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“Everyone designs who devises courses of action 
  aimed at changing existing situations 
  into preferred ones.”

— Herbert Simon

“Everyone designs
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participant A participant B

goal

Conversational Frame
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participant A participant B

goal

A participant has a goal.
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participant A participant B

goal

context

Chooses a context.
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participant A participant B

interface

goal

shared
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Chooses a language.
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Begins an exchange.
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participant A

learning

participant B

interface

goal

evaluating

shared
language

context

action

goal

action

     ???    f!*&%yes!!   no!!  OMG!kewl! WOW!

May evoke a response…
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… and a reaction that evokes a reaction… 
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The engagement may continue.
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An agreement may be reached.
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action transaction

after Dubberly Design Office 2008

A transaction may occur.
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Conversation Redux
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Conversation Redux — C-L-E-A-TConversation Redux

C – Context 
L – Language 
E – Engagement 
A – Agreement 
T – Transaction
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