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what is cybernetics?

what is the cybernetics of conversation?

why is cybernetics a science for design?



from Greek ‘kybernetes’—the art of steering
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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



from Greek ‘kybernetes’—the art of steering 
in Latin, the same term becomes ‘governing’ 

– regulation by law or person 
– government means regulation



   “... 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 

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 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design process 

reflect

observe make

After Dubberly Design Office “Creative Process” concept map



mobile devices 

compute

sense from  
a distance

act at  
a distance



Cold air outside 

is
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su

re
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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. . . 
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Feedback: Classic Example
Thermostat regulating room temperature 
(via a heater)
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subtracts
the current state value

from
the desired state value

to determine
the error
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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
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input

output

a Sensor passes the current state value to  . . . . . . . . . . responds by driving an Actuator
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Feedback: Formal Mechanism
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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) 
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Feedback: Biological Example
Regulating temperature in the human body
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System

Traffic Speed 

Drivers “in a hurry” 
ca

n 
in

cr
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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 
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Feedback: Social Example
Regulating traffic speed
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 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... I felt constrained to invent one... 
                   – Norbert Wiener, 1954

historical views of cybernetics 



many views of cybernetics  

La Cybernetique est l’art d’assurer l’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
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other sciences can only explain  
how short linear sequences operate

“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



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

requisite variety 







environment

does the system possess sufficient variety 
to achieve its goal in the current environment?
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. . . describes a relationship 
 that a system desires to have
 with its environment

. . . may be characterized as certain types
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 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)
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Cold air outside 

is
 m

ea
su

re
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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. . . 
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Feedback: Classic Example
Thermostat regulating room temperature 
(via a heater)
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cybernetics has a rigorous definition 
of the limitations of a system  
to achieve its goal 

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. 

requisite variety 



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



Resolution
2 degree
increments

Frequency
3 readings/second 

Sensor

Range
55F to 95F 

Resolution
[how controllable
the output is]
50 watt increments 

Frequency
2 minutes to go from 0 to max,
1500 watts/120 secs =
12.5 watts/second 

Actuator

Total input 
into the system 

Total output 
of the system 

Range
0 watts [off]
to [max]
1500 watts 
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What Defines the input and the output of a System?
Example: Space Heater



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

requisite variety 



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

double-loop systems 



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

double-loop systems 

because they can modify 
their internal goals, 
double-loop systems are 
also learning systems.
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Observing System

Cold air outside
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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
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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˚
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Second-order Feedback: Classic Example
Person controlling a thermostat (regulating a regulator)
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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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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).
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anthropology etc.

neurophysiology
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mathematics

psychiatry

electrical eng.



all from 
“soft sciences”



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 



Rittel’s Problems 
  
 

simple problems 

question is clear—we only need to provide an answer 

 2 + 2 = ? 

 why doesn’t the lightbulb work? 

most problems given in school are like this

1st-order  



Rittel’s Problems 
  
 

“wicked problems” or “wicked situations” 

  how can we solve homelessness? 



Rittel’s Problems 
  
 

wicked problems 

participants hold conflicting views of the problem 

coming to agreement on the problem is impossible—
without reframing 

reframing is a process of construction and agreement 

“wicked problems” or “wicked challenges” 



Rittel’s Problems 
  
 

 
even then, we cannot: 
 
– create a definitive formulation (“homelessness is fixed by building homes”)  
– know when we are done (we don’t know if we can do better) 

– know ahead that our solution is best (any solution has consequences) 

– avoid consequences of failed solution (cannot unbuild a freeway) 

– reuse knowledge on another problem (each is unique) 

the most important problems of the 21st century are like this

reframing is a process of construction and agreement 

2nd-order  



Rittel and Webber, 1972 
  
 

The search for scientific bases for confronting problems of 
social policy is bound to fail, because of the nature of these 
problems. They are "wicked" problems, whereas science 
has developed to deal with "tame" problems. Policy 
problems cannot be definitively described. Moreover, in a 
pluralistic society there is nothing like the undisputable 
public good; there is no objective definition of equity; 
policies that respond to social problems cannot be 
meaningfully correct or false; and it makes no sense to talk 
about "optimal solutions" to social problems unless severe 
qualifications are imposed first. Even worse, there are no 
"solutions" in the sense of definitive and objective answers.  



CYBERNETICS   CONVERSATION   DESIGN  



CYBERNETICS    CONVERSATION   DESIGN 



Gordon Pask 
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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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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.



cybernetics has a rigorous definition 
of the limitations of a system  
to achieve its goal...  
 
… can be applied to social systems  
– variety is defined as capacity for conversation 
– local truth controls the “essential variables”  
   that determine the viability system

requisite variety 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Challenges 
  
design

Energy 

Global warming 

Water 

Food 

Population 

Health   

Equality 

Social justice 

 Simple problems 

 Complex problems / systems of systems  

“Wicked problems”* 

* In the strict sense of Rittel & Webber

to 



127RSD5 / Toronto, Canada / Paul Pangaro / Designing Conversations for Socially-Conscious Design

We believe cybernetics offers a foundation for  
21st-century design practice, with this rationale:

–– Dubberly & Pangaro, “Cybernetics and Design: Conversations for Action”, 2015
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• The prominence of digital technology in daily life cannot be denied (or reversed). 
Digital technology comprises systems of systems (Internet of Things). 

• Design has expanded from giving-form to creating systems that support interactions. 
Human interactions span thinking and acting, whether mundane or metaphysical.  

We must model and tame this complex mesh of mechanisms.

Therefore: systems literacy is a necessary foundation for design. 

If design, then systems:
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If design, then systems.

• Digital interactions comprise reliable connections, communication, and feedback.   
Human interactions comprise purpose, feedback, and learning.  

• The science of communication and feedback, interaction and purpose, is cybernetics.  
We must model communication and intention in a common frame. 

Therefore: cybernetics is a necessary foundation for design. 

If systems, then cybernetics:
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If design, then systems.

• Framing “wicked challenges” requires articulating human values and viewpoints.    
Values and viewpoints are subjective. 

• Designers must offer a persuasive rationale for our subjective viewpoints.  
• Modeling subjectivity is the province of second-order cybernetics. 
We must embrace values and subjectivity at the heart of designing. 

Therefore: second-order cybernetics is a necessary foundation for design.  

If systems, then cybernetics.

If cybernetics, then second-order cybernetics:
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If design, then systems.

If systems, then cybernetics.

• Taming “wicked challenges” must be grounded in argumentation.  
• Argumentation requires conversation so that participants may understand and agree. 
• Agreement is necessary for collaboration and effective action.  
We must embrace argumentation and collaboration to the heart of 21st-century design. 

Therefore: conversation is a necessary foundation for design.

If cybernetics, then second-order cybernetics.

If second-order cybernetics, then conversation:
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If design, then systems.

If systems, then cybernetics.

If cybernetics, then second-order cybernetics.

If second-order cybernetics, then conversation.

–– Dubberly & Pangaro, “Cybernetics and Design: Conversations for Action”, 2015
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