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Why cybernetics now?
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“The thought process behind 
building the social media giant 
was: ‘How do we consume as 

much of your time and conscious 
attention as possible?’”
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Interfaces Systems
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Where did it  come from?

What is cybernetics, 
anyway?
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Does it  enable control of systems? Why is it  a “tricky word”?

In what sense is 
cybernetics about 

“control”?
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What are the most 
important contributions 

of cybernetics?
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4 What is interaction?

of human computer interaction, its similarity to a steam 
engine may give us pause.

The computer-human interaction loop differs from 
the steam-engine-governor interaction loop in two 
major ways. First, the role of the person:The person is 
inside the computer-human interaction loop, while the 
person is outside the steam-engine-governor 
interaction loop. Second, the nature of the system:The 
computer is not characterized in our model of 
computer-human interaction. All we know is that the 
computer acts on input and provides output. But we 
have characterized the steam engine in some detail as a 
self-regulating system. Suppose we characterize the 
computer with the same level of detail as the steam 
engine? Suppose we also characterize the person?

Types of Systems

So far, we have distinguished between static and 
dynamic systems—those that cannot act and thus have 
little or no meaningful effect on their environment (a 
chair, for example) and those that can and do act, thus 
changing their relationship to the environment.

Within dynamic systems, we have distinguished 
between those that only react and those that interact—
linear (open-loop) and closed-loop systems.

Some closed-loop systems have a novel property— 
they can be self-regulating. But not all closed-loop 
systems are self-regulating.The natural cycle of water is 
a loop. Rain falls from the atmosphere and is absorbed 
into the ground or runs into the sea. Water on the 
ground or in the sea evaporates into the atmosphere. 
But nowhere within the cycle is there a goal.

A self-regulating system has a goal.The goal defi nes 
a relationship between the system and its environment, 
which the system seeks to attain and maintain.This 
relationship is what the system regulates, what it seeks 
to keep constant in the face of external forces. A simple 
self-regulating system (one with only a single loop) 
cannot adjust its own goal; its goal can be adjusted only 
by something outside the system. Such single-loop 
systems are called “fi rst order.”

Learning systems nest a fi rst self-regulating system 
inside a second self-regulating system.The second 
system measures the effect of the fi rst system on the 
environment and adjusts the fi rst system’s goal 
according to how well its own second-order goal is 
being met. The second system sets the goal of the fi rst, 
based on external action. We may call this learning—
modifi cation of goals based on the effect of actions. 
Learning systems are also called second-order systems.

Some learning systems nest multiple self- 
regulating systems at the fi rst level. In pursuing its own 
goal, the second-order system may choose which 
fi rst-order systems to activate. As the second-order 
system pursues its goal and tests options, it learns how 
its actions affect the environment. “Learning” means 
knowing which fi rst-order systems can counter which 
disturbances by remembering those that succeeded in 
the past.

A second-order system may in turn be nested within 
another self-regulating system.This process may 
continue for additional levels. For convenience, the term 

“second-order system” sometimes refers to any higher-
order system, regardless of the number of levels, 
because from the perspective of the higher system, the 
lower systems are treated as if they were simply fi rst-

Types of systems Water Cycle

Ocean

Ground

Lake

PrecipitationCloud Formation

Rain Clouds

Snow

Evaporation + Condensation

Systems

can be Static or Dynamic

which can be Linear or Closed-loop

which can be Recirculating or Self-regulatory

which can be First- or Second-order

which can be Self-adjusting or Learning
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31January 2010 | Developed by Paul Pangaro and Dubberly Design Office

Pilots rely on negative feedback  
to steer a system toward a goal
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detection of error
compares current heading 
with desired heading

D= correction of error
adjusts rudder 
to correct heading

C=

33January 2010 | Developed by Paul Pangaro and Dubberly Design Office

Steering as a feedback loop

Compares heading with 
goal of reaching port

Adjusts rudder to 
correct heading

Ship’s heading

Detection of Error

Correction of Error

Feedback
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detection of error
compares current heading 
with desired heading

D= correction of error
adjusts rudder 
to correct heading
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Steering as a feedback loop

Comparing

ActingSensing
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Temperature Control Lever 

 The bi-metal coil is connected
 to the temperature control lever.

*The magnet insures a good contact
 and prevents erratic on/off signals
 to the heater in the event that the
 air temperature within the room fluctuates
 to quickly.
 

Fixed Contact Screw 

50 | | | | | 60 | | | | | 70 | | | | | 80 | | | | | 90 

Moving Contact 

Bi-metal Coil 

Magnet* 

Temperature Indicator Pin 

The bi-metal coil bends towards 
the contact screw as it cools 

Moving the temperature control lever 
moves the bi-metal coil 

The bi-metal coil bends away from 
the contact screw as it warms  

Power to heater Power in 

43January 2010 | Developed by Paul Pangaro and Dubberly Design Office

How a Thermostat Works
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 (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˚
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Requisite Variety

A regulator achieves a goal (preserves 
an essential variable) against a set of  
disturbances. To succeed, variety in the  
regulator must be equal to or greater  
than the variety of disturbances threat- 
ening the system. If this is so, then we say 
the system has requisite variety.  
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Requisite Variety

A regulator achieves a goal (preserves 
an essential variable) against a set of  
disturbances. To succeed, variety in the  
regulator must be equal to or greater  
than the variety of disturbances threat- 
ening the system. If this is so, then we say 
the system has requisite variety.  
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117January 2010 | Developed by Paul Pangaro and Dubberly Design Office

Model of Communication
after Shannon & Weaver
This model describes the process of one telephone communicating with another.

Weaver points out that The Mathematical Theory of Communication
(and the model below) are primarily applicable to ‘‘technical problems [which] are con-
cerned with the accuracy of transference from sender to receiver of sets of  
symbols (written speech), or of a continuously varying signal (telephonic or radio 
transmission of voice or music), or of a continuously varying two-dimensional pattern 
(television), etc.”

INFORMATION THEORY, CLAUDE SHANNON 
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34IXDA New York City / February 2017 / Paul Pangaro / Conversation is more than Interface

participant A

learning

participant B

exchange

interface

action (trans)action

goal goal

evaluating

shared
language

context

exchange

agreement

IXDA New York City / February 2017 / Paul Pangaro / Conversation is more than Interface

CONVERSATION THEORY, GORDON PASK



5 What is conversation? How can we design for effective conversation?

Figure 4 Conversation to Collaborate
Agreeing on goals and coordinating actions to achieve them

Conversation to agree on action.
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how to adjust our
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me you
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We should discuss 
how to revise our goals.
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Did the action achieve our goal? Have we exhausted
reasonable options
for action?

?

Yes

? ?

Conversation to agree on goals.

emuoy



Cybernetics Conference November 18, 2017

OBSERVED�SYSTEMOBSERVING�SYSTEM

!UGUST���������\�$EVELOPED�BY�0AUL�0ANGARO�AND�$UBBERLY�$ESIGN�/FFICE

�NDORDER�CYBERNETICS

�STORDER�CYBERNETICS

3YSTEM

'OAL)NPUT /UTPUT

%NVIRONMENT

/BSERVER

125

2nd-Order Cybernetics and  
the Introduction of Subjectivity
Heinz von Foerster noted:
‘First-order cybernetics is ‘‘the science of observed systems”. 
Second-order cybernetics is “the science of observing systems”. ‘

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

observed system observing system 

System 

Goal Input Output 

Environment 

Observer 

August 8, 2005 | Developed by Paul Pangaro and Dubberly Design Office 
127January 2010 | Developed by Paul Pangaro and Dubberly Design Office

Observing the observing
We can back up still further and observe the observer observing.

Maturana said, “Everything said is said by someone.”
And Von Foerster added, “Everything said is said to an observer.”
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This means, in short,  subjectivity;  which leads to the role/responsibil i t ies of 

the observer in framing (seeing/adopting and developing language);  and 

therefore, responsibil i ty for what is designed.

Second-order brings a new 
perspective: that the observer is 

part of a system of her observing.
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111January 2010 | Developed by Paul Pangaro and Dubberly Design Office

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

DUBBERLY DESIGN OFFICE
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Where does cybernetics fit into 
an “era analysis” that includes 

the “industrial age” and the 
“information age”?



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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Design
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Doesn’t i t  just force a mechanistic model of interaction and turn 

humans into the equivalent of machines?

How does cybernetics 
help frame technology for 

humans?
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Who is Gordon Pask?



GORDON PASK
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MUSICOLOUR HALL



MUSICOLOUR SWITCHBANK



MUSICOLOUR
58IXDA New York City / February 2017 / Paul Pangaro / Conversation is more than InterfaceIXDA New York City / February 2017 / Paul Pangaro / Conversation is more than Interface



GORDON PASK’S COLLOQUY OF MOBILES
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Whom did it  influence?

What is Pask’s Theory of 
Conversation?



FUN HOUSE
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THE LAST WHOLE EARTH CATALOG



2 How cybernetics connects computing, counterculture, and design

Internet
Tim Berners-Lee

Apple
Bill Atkinson
Larry Tesler

WiReD
Kevin Kelly
Barbara Kuhr
John Plunkett

Usman Haque
Hugh Dubberly

Design Thinking

Design Patterns

Design Rationale

Google
Sergey Brin
Larry Page

MIT
Vannevar Bush
Julian Bigelow

Social Graph 
of Cybernetics
and how it connects computing, 
counterculture, and design

J. Willard Gibbs

James Clerk Maxwell

Key
Scientists
Designers and Architects
Design Theorists and Critics
Computer Pioneers
Counterculture Leaders

Personal Connections 
(usually collaborations)

Influences 
(usually publications)

Interactive version at
http://cybergraph.dubberly.com/

Arturo Rosenblueth

Bertrand Russell

Macy Conferences
Gregory Bateson
J.C.R. Licklider
Warren McCulloch, Chair
Margaret Mead
Walter Pitts
Claude Shannon

Heinz von Foerster
John von Neumann

Norbert Wiener

Stafford Beer

R.D. Laing

Cedric Price

Serge Chermayeff

William Burroughs

BCL

Ross Ashby
Humberto Maturana
Gordon Pask

Charles Eames

SRI, NLS
Douglas Engelbart

Ivan Sutherland

Buckminster Fuller

Marshall McLuhan

HfG Ulm
Bruce Archer
Gui Bonsiepe

Horst Rittel

Brian Eno

Timothy Leary

ARPA

PARC
Bob Taylor

Media Lab
Nicholas Negroponte

Brunel University

Ranulph Glanville
Paul Pangaro 

IIT Institute of Design
Chuck Owen

Soft Systems
Jim Bagnall
Don Koberg

Lou Danziger

John Rheinfrank

Ted Nelson

Univ. of Utah
Alan Kay
John Warnock (founded Adobe)
Jim Blinn
Ed Catmull (founded Pixar)
James Clark (founded Netscape)

Whole Earth Catalog

Stewart Brand

Merry Pranksters
Ken Kesey

Design Methods
London Conference

UC Berkeley
Christopher Alexander

Fernando Flores
Terry Winograd

Gene Youngblood

Grey Walter

Francisco Varela

3 How cybernetics connects computing, counterculture, and design

Internet
Tim Berners-Lee

Apple
Bill Atkinson
Larry Tesler

WiReD
Kevin Kelly
Barbara Kuhr
John Plunkett

Usman Haque
Hugh Dubberly

Design Thinking

Design Patterns

Design Rationale

Google
Sergey Brin
Larry Page

MIT
Vannevar Bush
Julian Bigelow

Social Graph 
of Cybernetics
and how it connects computing, 
counterculture, and design

J. Willard Gibbs

James Clerk Maxwell

Key
Scientists
Designers and Architects
Design Theorists and Critics
Computer Pioneers
Counterculture Leaders

Personal Connections 
(usually collaborations)

Influences 
(usually publications)

Interactive version at
http://cybergraph.dubberly.com/

Arturo Rosenblueth

Bertrand Russell

Macy Conferences
Gregory Bateson
J.C.R. Licklider
Warren McCulloch, Chair
Margaret Mead
Walter Pitts
Claude Shannon

Heinz von Foerster
John von Neumann

Norbert Wiener

Stafford Beer

R.D. Laing

Cedric Price

Serge Chermayeff

William Burroughs

BCL

Ross Ashby
Humberto Maturana
Gordon Pask

Charles Eames

SRI, NLS
Douglas Engelbart

Ivan Sutherland

Buckminster Fuller

Marshall McLuhan

HfG Ulm
Bruce Archer
Gui Bonsiepe

Horst Rittel

Brian Eno

Timothy Leary

ARPA

PARC
Bob Taylor

Media Lab
Nicholas Negroponte

Brunel University

Ranulph Glanville
Paul Pangaro 

IIT Institute of Design
Chuck Owen

Soft Systems
Jim Bagnall
Don Koberg

Lou Danziger

John Rheinfrank

Ted Nelson

Univ. of Utah
Alan Kay
John Warnock (founded Adobe)
Jim Blinn
Ed Catmull (founded Pixar)
James Clark (founded Netscape)

Whole Earth Catalog

Stewart Brand

Merry Pranksters
Ken Kesey

Design Methods
London Conference

UC Berkeley
Christopher Alexander

Fernando Flores
Terry Winograd

Gene Youngblood

Grey Walter

Francisco Varela



2 How cybernetics connects computing, counterculture, and design

Internet
Tim Berners-Lee

Apple
Bill Atkinson
Larry Tesler

WiReD
Kevin Kelly
Barbara Kuhr
John Plunkett

Usman Haque
Hugh Dubberly

Design Thinking

Design Patterns

Design Rationale

Google
Sergey Brin
Larry Page

MIT
Vannevar Bush
Julian Bigelow

Social Graph 
of Cybernetics
and how it connects computing, 
counterculture, and design

J. Willard Gibbs

James Clerk Maxwell

Key
Scientists
Designers and Architects
Design Theorists and Critics
Computer Pioneers
Counterculture Leaders

Personal Connections 
(usually collaborations)

Influences 
(usually publications)

Interactive version at
http://cybergraph.dubberly.com/

Arturo Rosenblueth

Bertrand Russell

Macy Conferences
Gregory Bateson
J.C.R. Licklider
Warren McCulloch, Chair
Margaret Mead
Walter Pitts
Claude Shannon

Heinz von Foerster
John von Neumann

Norbert Wiener

Stafford Beer

R.D. Laing

Cedric Price

Serge Chermayeff

William Burroughs

BCL

Ross Ashby
Humberto Maturana
Gordon Pask

Charles Eames

SRI, NLS
Douglas Engelbart

Ivan Sutherland

Buckminster Fuller

Marshall McLuhan

HfG Ulm
Bruce Archer
Gui Bonsiepe

Horst Rittel

Brian Eno

Timothy Leary

ARPA

PARC
Bob Taylor

Media Lab
Nicholas Negroponte

Brunel University

Ranulph Glanville
Paul Pangaro 

IIT Institute of Design
Chuck Owen

Soft Systems
Jim Bagnall
Don Koberg

Lou Danziger

John Rheinfrank

Ted Nelson

Univ. of Utah
Alan Kay
John Warnock (founded Adobe)
Jim Blinn
Ed Catmull (founded Pixar)
James Clark (founded Netscape)

Whole Earth Catalog

Stewart Brand

Merry Pranksters
Ken Kesey

Design Methods
London Conference

UC Berkeley
Christopher Alexander

Fernando Flores
Terry Winograd

Gene Youngblood

Grey Walter

Francisco Varela

3 How cybernetics connects computing, counterculture, and design

Internet
Tim Berners-Lee

Apple
Bill Atkinson
Larry Tesler

WiReD
Kevin Kelly
Barbara Kuhr
John Plunkett

Usman Haque
Hugh Dubberly

Design Thinking

Design Patterns

Design Rationale

Google
Sergey Brin
Larry Page

MIT
Vannevar Bush
Julian Bigelow

Social Graph 
of Cybernetics
and how it connects computing, 
counterculture, and design

J. Willard Gibbs

James Clerk Maxwell

Key
Scientists
Designers and Architects
Design Theorists and Critics
Computer Pioneers
Counterculture Leaders

Personal Connections 
(usually collaborations)

Influences 
(usually publications)

Interactive version at
http://cybergraph.dubberly.com/

Arturo Rosenblueth

Bertrand Russell

Macy Conferences
Gregory Bateson
J.C.R. Licklider
Warren McCulloch, Chair
Margaret Mead
Walter Pitts
Claude Shannon

Heinz von Foerster
John von Neumann

Norbert Wiener

Stafford Beer

R.D. Laing

Cedric Price

Serge Chermayeff

William Burroughs

BCL

Ross Ashby
Humberto Maturana
Gordon Pask

Charles Eames

SRI, NLS
Douglas Engelbart

Ivan Sutherland

Buckminster Fuller

Marshall McLuhan

HfG Ulm
Bruce Archer
Gui Bonsiepe

Horst Rittel

Brian Eno

Timothy Leary

ARPA

PARC
Bob Taylor

Media Lab
Nicholas Negroponte

Brunel University

Ranulph Glanville
Paul Pangaro 

IIT Institute of Design
Chuck Owen

Soft Systems
Jim Bagnall
Don Koberg

Lou Danziger

John Rheinfrank

Ted Nelson

Univ. of Utah
Alan Kay
John Warnock (founded Adobe)
Jim Blinn
Ed Catmull (founded Pixar)
James Clark (founded Netscape)

Whole Earth Catalog

Stewart Brand

Merry Pranksters
Ken Kesey

Design Methods
London Conference

UC Berkeley
Christopher Alexander

Fernando Flores
Terry Winograd

Gene Youngblood

Grey Walter

Francisco Varela



2 How cybernetics connects computing, counterculture, and design

Internet
Tim Berners-Lee

Apple
Bill Atkinson
Larry Tesler

WiReD
Kevin Kelly
Barbara Kuhr
John Plunkett

Usman Haque
Hugh Dubberly

Design Thinking

Design Patterns

Design Rationale

Google
Sergey Brin
Larry Page

MIT
Vannevar Bush
Julian Bigelow

Social Graph 
of Cybernetics
and how it connects computing, 
counterculture, and design

J. Willard Gibbs

James Clerk Maxwell

Key
Scientists
Designers and Architects
Design Theorists and Critics
Computer Pioneers
Counterculture Leaders

Personal Connections 
(usually collaborations)

Influences 
(usually publications)

Interactive version at
http://cybergraph.dubberly.com/

Arturo Rosenblueth

Bertrand Russell

Macy Conferences
Gregory Bateson
J.C.R. Licklider
Warren McCulloch, Chair
Margaret Mead
Walter Pitts
Claude Shannon

Heinz von Foerster
John von Neumann

Norbert Wiener

Stafford Beer

R.D. Laing

Cedric Price

Serge Chermayeff

William Burroughs

BCL

Ross Ashby
Humberto Maturana
Gordon Pask

Charles Eames

SRI, NLS
Douglas Engelbart

Ivan Sutherland

Buckminster Fuller

Marshall McLuhan

HfG Ulm
Bruce Archer
Gui Bonsiepe

Horst Rittel

Brian Eno

Timothy Leary

ARPA

PARC
Bob Taylor

Media Lab
Nicholas Negroponte

Brunel University

Ranulph Glanville
Paul Pangaro 

IIT Institute of Design
Chuck Owen

Soft Systems
Jim Bagnall
Don Koberg

Lou Danziger

John Rheinfrank

Ted Nelson

Univ. of Utah
Alan Kay
John Warnock (founded Adobe)
Jim Blinn
Ed Catmull (founded Pixar)
James Clark (founded Netscape)

Whole Earth Catalog

Stewart Brand

Merry Pranksters
Ken Kesey

Design Methods
London Conference

UC Berkeley
Christopher Alexander

Fernando Flores
Terry Winograd

Gene Youngblood

Grey Walter

Francisco Varela

3 How cybernetics connects computing, counterculture, and design

Internet
Tim Berners-Lee

Apple
Bill Atkinson
Larry Tesler

WiReD
Kevin Kelly
Barbara Kuhr
John Plunkett

Usman Haque
Hugh Dubberly

Design Thinking

Design Patterns

Design Rationale

Google
Sergey Brin
Larry Page

MIT
Vannevar Bush
Julian Bigelow

Social Graph 
of Cybernetics
and how it connects computing, 
counterculture, and design

J. Willard Gibbs

James Clerk Maxwell

Key
Scientists
Designers and Architects
Design Theorists and Critics
Computer Pioneers
Counterculture Leaders

Personal Connections 
(usually collaborations)

Influences 
(usually publications)

Interactive version at
http://cybergraph.dubberly.com/

Arturo Rosenblueth

Bertrand Russell

Macy Conferences
Gregory Bateson
J.C.R. Licklider
Warren McCulloch, Chair
Margaret Mead
Walter Pitts
Claude Shannon

Heinz von Foerster
John von Neumann

Norbert Wiener

Stafford Beer

R.D. Laing

Cedric Price

Serge Chermayeff

William Burroughs

BCL

Ross Ashby
Humberto Maturana
Gordon Pask

Charles Eames

SRI, NLS
Douglas Engelbart

Ivan Sutherland

Buckminster Fuller

Marshall McLuhan

HfG Ulm
Bruce Archer
Gui Bonsiepe

Horst Rittel

Brian Eno

Timothy Leary

ARPA

PARC
Bob Taylor

Media Lab
Nicholas Negroponte

Brunel University

Ranulph Glanville
Paul Pangaro 

IIT Institute of Design
Chuck Owen

Soft Systems
Jim Bagnall
Don Koberg

Lou Danziger

John Rheinfrank

Ted Nelson

Univ. of Utah
Alan Kay
John Warnock (founded Adobe)
Jim Blinn
Ed Catmull (founded Pixar)
James Clark (founded Netscape)

Whole Earth Catalog

Stewart Brand

Merry Pranksters
Ken Kesey

Design Methods
London Conference

UC Berkeley
Christopher Alexander

Fernando Flores
Terry Winograd

Gene Youngblood

Grey Walter

Francisco Varela
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How can we operate as designers 
in a world where we don’t 

understand the consequences of 
the things we’ve made?
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Value
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How does design address 
“wicked problems” and what 

are cybernetic ways of 
approaching them?
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What are the ethics of design?

What is the responsibility 
of the designer? 



Cybernetics Conference November 18, 2017

What is “truth” in the era of 
“fake news”, especially if 
cybernetics affirms that 
knowledge is subjective?
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How are we responsible for what we design?

What is our responsibility 
as designers when working 

for these companies? 
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What is there to make us optimistic about the future?

How can we be optimistic 
about the future? 
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NOW WHAT?
Cybernetics, 
Design, and 
Society

Paul Pangaro, Ph.D.
Chair and Associate Professor  
MFA Interaction Design Program  
College for Creative Studies, Detroit 
paul@pangaro.com

Michael Yap
@michaelryap
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Appendix
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e.g. Wanting to know versus wanting to act 

effectively/to achieve goals?

How is science different 
from cybernetics?
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How is “action” from a computer 
or an AI different than action by 

a person or team?
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What is the value of 
models?
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Where is cybernetics 
appearing, perhaps 

unexpectedly?



interaction

cybernetics 

design



interaction

cybernetics 

design


