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a. goal of models
This book of collected models is intended to serve as an archive and (if not now, then soon) a practicum.

b. description
The collection is an archive in that it comprises the basic models from the discipline of cybernetics, a science 
of goals, interaction, and feedback. The collection had been developed for a university course where these 
models were used to frame ‘design’. Coursework required students to name and simulate the cybernetic  
elements of the systems they wished to design, whether software, design process, or organization.  
This is the sense in which we speak of the collection of a practicum. 

c. components and processes
There are 4 broad areas of the collection:

i. Cybernetic Loop—what a cybernetic system is, and what it does, and how feedback is involved.
ii. Requisite Variety—what a particular cybernetic system can’t do, yet how it might be changed to do so.
iii. Second-order Goals—when and how systems learn because of interaction.
iv. Conversation  —if worlds are co-created, sharing is possible, but conversation is necessary.

As a means of further explaining our intentions, we include an introduction adopted from a paper on the 
nature of service craft, which adds 3 additional models: bio-cost, autopoiesis, and evolution. We intend to 
enhance this collection with those additional models in the near future.

We wish to thank our students, for whom and through whom we have evolved the work.

Hugh Dubberly & Paul Pangaro
January 2011



Cybernetics

"Cybernetics" comes from the Greek: "the art of steering".
 
In short, cybernetics is a discipline for understanding how actions may lead to achieving goals.

Knowing whether you have reached your goal (or at least are getting closer to it) requires "feedback", 
a concept that comes from cybernetics.

"Cybernetics" evolved into Latin as "governor".

 

"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

"The science of control and communication in animal and machine."
 —Norbert Wiener, 1948

"Until recently, there was no existing word for this complex of ideas and…
I felt constrained to invent one...."
 —Norbert Wiener, 1954

"La Cybernetique est l’art d’assurer l’efficacite de l’action."
 —Louis Couffignal, 1956

"The science of effective organization."
 —Stafford Beer

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

"The art of defensible metaphors."
 —Gordon Pask

"A way of thinking."
 —Ernst Von Glasersfeld

"First-order cybernetics is the science of observed systems;
Second-order cybernetics is the science of observing systems."
  —Heinz Foerster, 1974

"The science and art of human understanding."
 —Humberto Maturana

"Cybernetics is...only practiced in Russia and other under-developed countries."
 —Marvin Minsky, 1982



Cybernetics: Language for Design
Adopted from an article published in Kybernetes

A history of connections between cybernetics and design

The influence of cybernetics on design thinking goes back 50 years. [1] 
Yet today, cybernetics remains almost unknown among practicing de-
signers and unmentioned in design education or discussions of design 
theory.

Designers’ early interest in cybernetics accompanied cybernetics’ brief 
time in the spotlight of popular culture. First-generation thinking on 
cybernetics influenced first-generation thinking on design methods. [2] 
And second-generation design methods [3] has many parallels in sec-
ond-order cybernetics [4], where the field applied its methodology of 
focusing on goals, action s, and feedbacks to itself.

Both cybernetics and the design-methods movement failed to sustain 
wide interest. One reason is that initially both had limited practical appli-
cation; in some sense, they were ahead of their times and the prevailing 
technologies. That may be changing. Particularly in the world of design, 
cybernetics is newly relevant.

Ross Ashby lists as the “peculiar virtues of cybernetics” its treatment of 
behavior and complexity. (Ashby 1957) Both topics increasingly concern 
designers, especially those designing “soft” products, those engaged 
in interface design, interaction design, experience design, or service 
design. In these areas, where designers are concerned with “ways of 
behaving”—with what a thing does as much as what it is or how it 
looks—here, cybernetics can help designers.

Cybernetics as a source for new language in design 

Learning a new language increases our repertoire. New words may 
enable us to think about new ideas. New language may also lead to 
new ways of “seeing” or to uncovering new relationships between and 
among elements of a system. 

More words may enable us to make finer distinctions. Our thinking and 
communicating become more precise—we become more efficient. We 
can work at deeper levels and take on more complex tasks—we become 
more effective. Our view of our work and ourselves takes on greater 
coherence—we become more integrated. 

Forty years ago, in Notes on the Synthesis of Form, Christopher Alexan-
der described the growing role of modeling in design practice. (Alexan-

der 1964) In the last 10 years, much of design practice has come to rely 
on modeling. Designers have begun to develop language for discussing 
behavior—ways of understanding dynamic systems and visualizing pat-
terns of information flows through systems. 

Today, most models found in design practice are highly specific to the 
situation at hand. Designers rarely view the situation they are modeling 
as an example of a larger class and thus rarely draw on broader frame-
works as a basis for their modeling. To be sure, designers have devel-
oped some conventions for modeling, e.g., site maps, application flow 
diagrams, and service blueprints. But for the most part, conventions 
for modeling are still not widely shared or well-defined within design 
practice.
 
In design discourse, most frameworks have been “cherry-picked” from 
the social sciences and semiotics. For the most part, designers have not 
established a firm foundation or organized systems for their modeling. 
Richard Buchanan’s formulation of design within frameworks of rheto-
ric—“design as rhetoric”—is a notable exception. (Buchanan 2001)

The authors propose cybernetics as another rich source of frameworks 
for design practice, similar to the social sciences, semiotics, and rhetoric. 
We also propose cybernetics as a language—a self-reinforcing system, 
a system of systems or framework of frameworks for enriching design 
thinking.

The idea that cybernetics is a language is not new. Many have pointed 
out its value as a sort of lingua franca enabling members of different 
disciplines to communicate. (Ashby 1957) (Pask 1961) (Mead 1968) What 
may be new is the idea that cybernetics is a language of design. The au-
thors agree with the claim that “the homomorphism between the two is 
such that . . . cybernetics is the theory of design and design is the action 
of cybernetics.” (Glanville 2007) 

Cybernetic frameworks for modeling what we design

Much of design practice comes down to two models: a model of the cur-
rent situation and a model of the preferred situation. Alexander points 
out the need to abstract the essence of the existing situation from the 
complexity of its concrete manifestation. Abstracting the situation makes 
it easier for us to consider meaningful changes, to find alternatives we 
might prefer. He also underscores the need to make models visible, to 
provide representations for ourselves and others to analyze and discuss. 
(Alexander 1964)

Cybernetics offers conceptual frameworks for understanding and im-
proving the things we design.

At the heart of cybernetics is a series of frameworks for describing dy-
namic systems. Individually these frameworks provide useful models for 
anyone seeking to understand, manage, or build dynamic systems. To-
gether, these frameworks offer much of the new language design needs 
as it moves from hand-craft to service-craft.

In their teaching and practice, the authors have found seven cybernetic 
frameworks to be especially useful. 

1) First-order cybernetic system
A first-order cybernetic system detects and corrects error; it compares 
a current state to a desired state, acts to achieve the desired state, and 
measures progress toward the goal. A thermostat-heater system serves 
as a canonical example of a first-order cybernetic system, maintaining 
temperature at a set-point that is the system’s goal.

A first-order cybernetic system provides a framework for describing 
simple interaction. It introduces and defines feedback. It frames interac-
tion as information flowing in a continuous loop through a system and 
its environment. It frames control in terms of a system maintaining a 
relationship with its environment. It forms a coherence in which goal, 
activity, measure, and disturbance each implies the others. 

This framework is useful for designers thinking about interfaces. It 
provides a template for modeling basic human interaction with tools, 
machines, and computers. It also provides a template for modeling ma-
chine-to-machine interaction or the interaction of processes running on 
computer networks.

[Diagram 1, First-order cybernetic system]

2) Requisite variety
Ross Ashby’s definition of requisite variety provides a framework for 
describing the limits of a system—the conditions under which it survives 
and those under which it fails. (Ashby 1957) For example, humans have 
variety sufficient to regulate their body temperature within a fairly nar-
row range; if we get too cold or too hot, we will die quickly.

This framework is useful because it forces designers to be specific when 
describing systems. It suggests crisp definition of range, resolution, and 
frequency for measures related to goals, actuators, and sensors. The 
framework also enables discussion of the validity of goals. What is the 
range of disturbances we should design the system to withstand? Is the 
cost of additional variety in the system warranted by the probability of 
additional variety in disturbances?

[Diagram 2, Requisite variety]

3) Second-Order cybernetic System
A second-order cybernetic system nests a first-order cybernetic system 
within another. The outer or higher-level system controls the inner or 
lower-level system. The action of the controlling system sets the goal of 
the controlled system. Addition of more levels (or “orders”) repeats the 
nesting process.

A second-order cybernetic system provides a framework for describ-
ing the more complex interactions of nested systems. This framework 
provides a more sophisticated model of human-device interactions. A 
person with a goal acts to set that goal for a self-regulating device such 
as a cruise-control system or a thermostat.

This framework is useful for modeling complex control systems such 
as a GPS-guided automatic steering system. It is also useful for model-
ing ecologies or organizational or social control systems such as the 
relationship between insurer, disease management organization, and pa-
tient. This framework provides a way of modeling the hierarchy of goals 
often at play in discussions of “user motivation”, which take place during 
design of software and service systems.

[Diagram 3, Second-order cybernetic systems]

4) Conversation, collaboration, and learning (participatory system)
Gordon Pask defined a conversation as interaction between two sec-
ond-order systems. (Pask 1975) This framework distinguishes between 
discussions about goals and discussions about methods, and it provides 
a basis for modeling their mutual coordination—or what Humberto Mat-
urana called “the consensual coordination of consensual coordination 
of behavior.” (Maturana 1997) It also distinguishes between it-directed 
(control in the cybernetic sense of regulation) and I/you-directed (con-
versation). Pask also used the framework in discussions of collaboration 
and learning. Michael Geoghegan wryly observed, “The mouse teaches 
the cat. . . Of course, . . . the cat also teaches the mouse.” (Geoghegan 
and Esmonde 2002)

This framework is useful for modeling the larger service systems in 
which many of the products of interaction design are situated. It provides 
a basis for beginning to model communities, exchanges, and markets, 
and interactions such as negotiation, cooperation, and collaboration. 

The conversation framework suggests a sort of ideal: two second-order 
systems collaborating. Comparing this model of human-human interac-
tion with typical human-computer interaction suggests many opportuni-
ties for improvement. Today, the typical framework for human-computer 
interaction might best be described as a second-order system (a person) 
interacting with a first-order system (a device). Designing second-order 
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software systems to understand user goals and aid goal formation sug-
gests a new way for people to work with computers. (Pangaro 2000)

[Take in Diagram 4, Conversation]

5) Bio-cost
The notion of bio-cost grows out of conversations between the authors 
and Michael Geoghegan. We define bio-cost as the effort a system ex-
pends to achieve a goal. (Geoghegan and Esmonde 2002) 

This framework is useful for evaluating and comparing existing and pro-
posed interaction methods. It may be possible to measure bio-cost and 
thus make notions of “ease-of-use” more concrete. We speculate that the 
bio-cost framework may be useful in developing key-performance indica-
tor (KPI) systems for evaluating software usability and service quality.

[Diagram 5, Bio-cost]

6) Autopoiesis
Francisco Varela, Humberto Maturana, and Ricardo Uribe introduced the 
idea of autopoiesis or “self-making” to describe processes by which a 
system achieves autonomy and maintains itself. (Varela, Maturana, and 
Uribe 1974)

This framework is useful for discussing organizations and communities—
how they form and how they maintain themselves. It holds promise 
for organizational design, which is often a critical component of service 
design. [The authors are aware of the disagreement as to whether the 
original, rigorous biological meaning holds for social organizations; we 
find autopoiesis a unique and powerful metaphor for application to de-
sign in any case.]

[Diagram 6, Autopoiesis]

7) Evolution
Geoghegan points out that “all evolution is co-evolution.” (Geoghegan 
and Esmonde 2002) A population changes in response to changes (dis-
turbances) in its environment. In turn, the new population, behaving in 
new ways, may provoke changes in its environment. Of course, the idea 
of evolution by natural selection (or natural destruction) precedes the ori-
gin of cybernetics as a science, but framing evolution in cybernetic terms 
expands the scope and value of the earlier frameworks; for example, 
requisite variety can be seen as a mechanism of evolution and mutations 
as changes in variety. In addition, framing evolution in cybernetic terms 
strengthens the set of cybernetic frameworks, giving the whole a sort of 
completeness.  

This framework is useful for discussing the evolution of services and 
businesses—and the process of innovation. It casts markets as shap-

ing organizations and companies, ideas and products, by evolutionary 
means. Speciation occurs as new ideas are put forth; selection occurs as 
they are adopted (or ignored).

[Diagram 7, Evolution]

Value of cybernetic frameworks

These seven frameworks are useful in a variety of ways, for example: 
analyzing existing systems; comparing systems which may at first ap-
pear very different; discerning and organizing patterns of interaction; and 
evaluating the way a proposed design fits its context. These frameworks 
apply at several scales: simple interaction between human and device; 
interaction among component sub-systems; interactions among people 
through devices or services; interactions between people and businesses 
(in the coinage of internet business models, “consumer to business” or 
“C2B”) and between businesses (“B2B”); and interactions within mar-
kets.

These frameworks also provide a way to look forward in design and 
suggest the kinds of research from which design practice—and develop-
ment of software applications and services—may benefit. Of particular 
interest for design research are systems that model user’s goals, systems 
that help users model and clarify their own goals, systems that facilitate 
participation, self-organizing systems, and systems that evolve. 

Cybernetic frameworks for modeling how we design

The previous section described the application of cybernetic frameworks 
to design practice. It emphasized using the frameworks to model existing 
situations and imagine preferred situations. It focused on using cybernet-
ic frameworks to model what we design. This section focuses on using 
cybernetic frameworks to model how we design—to model the design 
process itself. Another way to approach this subject is to think of design-
ing the design process; that is, adapting the design process to its context. 
Here again, the authors have found cybernetic frameworks to be useful.

Cybernetics offers conceptual frameworks for understanding and im-
proving design processes and thus their outcomes. 

The seven frameworks we described in the previous section can also 
model the design process:

1) First-order cybernetic system
Design is a cybernetic process. It relies on a simple feedback loop: think, 
make, test —in Walter Shewhart’s words, “plan, do, check.” (Shewhart 

1923) It requires iteration through the loop. It seeks to improve things, to 
converge on a goal, by creating prototypes of increasing fidelity. 

In Herbert Simon’s words, “Design is devising courses of action aimed 
at turning existing situations into preferred ones.” (Simon 1969) Alan 
Cooper has called this process “goal directed.” (Cooper 1999) When we 
design, we try to achieve goals, often by imagining the goals of people 
we hope will use our products.

A model of design as a feedback process applies equally well to design in 
the traditional hand-craft mode or in the new service-craft mode. In both 
cases, the designer relies on feedback. What differs is the nature of their 
prototypes and the degree to which they articulate their goals separately 
from their product. 

2) Requisite variety
Design teams, product development teams, or whole companies (as well 
as individual designers) have variety; that is, they have a set of skills and 
experience which they may bring to a project. We can evaluate the fitness 
of a team or even individuals for a task in terms of the variety they bring. 
Does the team have the variety required to be successful in this task? Of 
course, to answer the question, we must understand the goals of the task 
and possible disturbances.

3) Second-order cybernetic system
Douglas Engelbart has described a process he calls “bootstrapping”, 
which involves three nested cybernetic systems. Level 1 is “a basic pro-
cess”. Level 2 is “a process for improving ‘basic processes’ ”. And level 3 
is a process for improving ”the process of improving ‘basic processes’“.
(Engelbart 1992) 

Here’s an example. John’s team is responsible for producing a new 
widget—a level 1 process. John begins holding weekly meetings (Friday 
afternoon beer busts) at which his team discusses problems—a level 2 
process. Implementing ideas from their meetings lowers the widget de-
fect rate. Management asks John to share his improvement and decides 
to mandate Friday afternoon beer busts for the entire company—a level 3 
process. 

John Rheinfrank pointed out the need for three-level systems in creating 
sustained quality management and building true learning organizations. 
[6] 

4) Conversation
Design is conversation, between designer and client, between designer 
and user, between the designer and himself or herself. Design involves 
the consensual coordination of goals and methods. 

Framing design in terms of conversation has broad implications, chal-
lenging the designer’s role as expert and casting him or her instead as 
facilitator—more about these ideas in the next section, A constructivist 
view—design as politics.

5) Bio-cost
Robert Pirsig has written eloquently about “gumption traps”, ways in 
which people loose the energy necessary to sustain quality work. (Pir-
sig 1974) A gumption trap is a source of bio-cost in the design process. 
Minimizing gumption traps and other bio-costs in the design process is a 
critical component of design management.

6) Autopoiesis
One of the great challenges facing the design profession is how it can 
create sustained learning about design practice. In recent years, several 
universities have begun to grant PhDs in design, but design research is 
still young and relatively unformed. The feedback systems necessary to 
sustain it are not yet in place. Designers need a self-sustaining, learning 
system whose components make and re-make itself: the curricula must 
contain “the practice” while also capturing processes that learn while 
also sustaining those that already exist. Inherent in the seven cybernetic 
frameworks are mechanisms to make such activities explicit for the de-
sign community and for the institutions (schools, consulting studios, and 
corporate design offices) that support it.

7) Evolution
The design process is also a process of evolution—artificial evolution, 
perhaps. Generating new ideas or variations is a form of speciation; the 
designer’s ideas compete for selection and for the chance to reproduce 
as a new set of variations in the next cycle of iteration. One of the values 
of design is its ability to speed up the evolutionary process, which might 
otherwise have to take place within the market, at some greater risk or 
higher cost.

A few leading design thinkers such as John Rheinfrank and Austin 
Henderson have begun to discuss designing for emergent behavior and 
designing for evolution. (Henderson 2003) Still new is the idea that the 
product of design practice is not fixed, but rather something that will 
evolve as others use it and themselves design with it. This change may 
shift designers’ attention from making to what Shelley Evenson calls “the 
making of making.” (Rheinfrank and Evenson 2004)  We believe this idea 
will grow in importance and become a major trend in design. If that hap-
pens, frameworks for modeling evolution will be critical.

Designers also lack tools for evolving their tools and processes. Progress 
is slow; innovation is infrequent. Globalization may put pressure on the 
current environment and force more rapid change.
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A constructivist view—design as politics

The design process is more than a feedback loop, more than a bootstrap-
ping process, more even than a “simple” conversation. An approach to 
design that considers second-order cybernetics must root design firmly 
in politics. It views design as co-construction, as agreeing not just on 
solutions but also on problems. It recognizes what Horst Rittel called “the 
symmetry of ignorance” between designer and constituents of a project 
and argues both share the same level of expertise or ignorance. (Rittel 
1972) It views design as facilitation—as managing conversations about 
issues.

For Rittel, the main thing in design was managing the myriad issues 
involved in defining what a team is designing. His view led to early work 
in creating issues-based information systems (IBIS), which provided a 
foundation for more recent research in design rationale, which is still an 
on-going area of inquiry. (Rittel 1970) 

Heinz von Foerster pointed out the limitations of defining systems in 
objective terms. Von Foerster asked, “What is the role of the observer?” 
(von Foerster 1981)

Horst Rittel pointed out the limitations of defining design in objective 
terms. Designers often describe their work as problem solving, but Rittel 
asked, “Whose problem is it?” He showed that the framing of the prob-
lem is a key part of the process. He posited agreement on definition of 
the problem as a political question. And he noted that some (“wicked-
hard”) problems defy agreement, for example, in modern times, bring-
ing peace to Palestine or creating universal health care. (Rittel and Weber 
1969) 

How remarkable that both von Foerster and Rittel reacted to their milieus 
in the same way, debunking the notion of objective, detached observa-
tion, recognizing the subjective and involved nature of our work. Here, 
second-order cybernetics and second-generation design methods con-
verge (perhaps by coincidence, for we cannot establish explicit links as 
with the original cybernetics movement which clearly affected first-gen-
eration design methods).

Rittel also noted that if design is political, then argumentation is a key 
design skill. Here is a design theorist with a background in physics and 
operations research, influenced by cybernetics, concluding design is not 
objective but instead political and thus rooted in rhetoric. He comes to 
the same conclusion as Richard Buchanan, who has a background in the 
humanities. This link is extraordinary. It is an important connection be-
tween two different ways of understanding design. It suggests a founda-
tion for moving forward within design practice and design education.

A call for curriculum change

Our culture is undergoing a change as profound as the industrial revo-
lution, which gave birth to the design profession. The ongoing shift to 
a knowledge-service economy and the continuing growth of informa-
tion-communication technology will profoundly change the practice of 
design. 

Design educators need to respond to these changes.

Cybernetics can help designers make sense of the complex new world 
they face. Cybernetics can inform design on at least three levels: 
1) modeling interaction—human-human, human-machine, or machine-
machine, 
2) modeling the larger service systems in which much interaction takes 
place, and 
3) modeling the design process itself.

As the founders of cybernetics and the founders of the design meth-
ods movement pass away[7], the risk increases that much of what they 
learned will be lost to future generations. That would be a tragedy.

We urge design educators to radically alter the current approach to de-
sign education and to adopt a systems view incorporating in their teach-
ing the language of cybernetics—and rhetoric.
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Notes

[1] Nortbert Wiener lectured at the Hochschule für Gestaltung Ulm (HfG Ulm). 
Ulm required students to take a course in cybernetics. Herbert Simon noted the 
relationship of cybernetics to design in Sciences of the Artificial. Stewart Brand 
recommended books on cybernetics right alongside those on design theory in 
his Whole Earth Catalog.

[2] Two founders of the design methods movement, Bruce Archer and Horst Rit-
tel, explicitly mention cybernetics in their writing on design. Rittel incorporated 
cybernetics in his courses on design methods at UC Berkeley. 

[3] In 1972, Horst Rittel proposed a second generation of design methods in “On 
the Planning Crisis: Systems Analysis of the ‘First and Second Generations’”. He 
stressed the difficulty of maintaining an objective view of design, and he present-
ed the second-generation approach as an expert-less argumentative process that 
is inherently collaborative and political.

[4] In a 1972 lecture, Heinz von Foerster proposed second-order cybernetics. He 
noted the role of the observer in describing systems, and he too stressed the dif-
ficulty of maintaining an objective view.

[5] While design has many similarities to architecture, architectural practice has a 
separate history, which we will not cover here.

[6] Personal discussion, which took place at CMU School of Design in 2004.

[7] Gordon Pask died in 1996; Heinz von Foerster in 2002; Horst Rittel in 1990, and 
Bruce Archer in 2005.
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Open-Loop: Mechanical Example
Street light auto-on-off

In the open-loop system shown, the output of the street 
light does not affect the system—it is not measured by the 
sensor, thus the loop is “open”, rather than “closed”. 

Thus there is no feedback from the action taken, in this 
case, the turning on of the light.

Sun’s Position in the Sky

No Feedback Loop
The output of the street light 
does not affect the sensor
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Light Sensor Street Light

System

Desired Light Value

Amount of Sunlight
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Relay

. . . is adjusted by setting the minimum
      light level threshold.

 

. . . when the sky is bright 
      electricity passes through 
      the CdS cell activating the . . .

. . . when the sky is dark
      electricity bypasses 
      the CdS cell and the relay . . .

. . . the relay is engaged 
      turning off the . . .

. . . turning on the . . .
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Open-loop
Street light does not affect the light sensor
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 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 
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a Sensor passes the current state value to  . . . . . . . . . . responds by driving an Actuator

No Feedback Loop
The output of the actuator 
does not affect the sensor

Open-Loop: Canonical Form
First-order System

Many systems have many or even all of the components of 
a first-order system even without a closed feedback loop.

A “closed system” means that the actions of the system 
have an impact on the Environment, that can in turn be 
detected by the sensors, and that has impact, in turn, on 
subsequent actions of the system.
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Open-Loop
Actuator has no effect on Environment—no feedback



Closed-Loop: Mechanical Example 
 Camera auto-exposure (shutter priority)

In this closed-loop system, a light-sensitive photocell
measures the amount of light passing through the camera
lens—in real-time while also exposing the film—and auto-
matically adjusts the camera’s aperture based on the de-
sired exposure setting. 

(In this example the shutter speed is fixed and only the ap-
erture is adjusted in order to achieve the proper film expo-
sure.)

Sun’s Position in the Sky
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Light Sensor Aperture

System

Desired Exposure

Amount of Light Exposed to Film
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Exposure
Setting

. . . is adjusted by setting the 
      light sensitivity range (ASA).
 

. . . as the light level raises
      a stronger signal 
      is passed to the  . . .

. . . as the light level drops
      a weaker signal 
      is passed to the  . . .

. . . which decreases the
      the amount of . . .
 (less light enters) 

. . . which increases the
      the amount of . . .
 (more light enters) 

affects th
e 

23January 2010 | Developed by Paul Pangaro and Dubberly Design Office22 Introduction to Cybernetics and the Design of Systems

Closed-loop: Control of Aperture changes light impinging on sensor, 
adjusting the aperture in real-time to expose the film as desired.



Introduction to Cybernetics
and the Design of Systems

First-order
Feedback
Systems

The concept of “feed-back” came into common usage from the ori-
gins of the discipline of cybernetics, in the 1940s. It has since lost its 
hyphen but not its meaning. Here Is a careful definition that preserves    
the rigor of the original concept:

Feedback (noun): information returned to a system that causes 
change in subsequent actions of the system, such that those actions 
become the means whereby the system achieves its goal.

Feedback forms a circular process that moves from intention to action, 
to sensing the outcome of action, to comparison of outcome to inten-
tion, to adjustment of further action. This circularity is the essence of 
all cybernetic systems, that is, systems that seek goals. 

As diagrams of this section show, the thermostat is an excellent ex-
ample of a circular, cybernetic system that uses feedback to achieve a 
goal. In response to current temperature in a room, the action of the 
thermostat causes a heater to start, heating the air in the room that, in 
turn, gives feedback to the thermostat that the set-point—the desired 
temperature of the room, the goal—has been reached.

Without feedback, systems are blind and dumb to the affects of their 
actions.  Without feedback, system behavior becomes more like 
guessing—trying an action and hoping it achieves the goal. With 
feedback, system behavior can effectively and efficiently reach conver-
gence on a desired state from a current state.

In the 1940s Norbert Wiener and Arturo Rosenblueth developed 
foundational concepts from which a mathematics was developed for 
describing electro-mechanical systems that self-correct. Wiener wrote 
a book called Cybernetics, implying the origin of the field was due to 
him. But in parallel a wide variety of experts were engaged in a series 
of yearly conferences called the Macy Meetings, where they sought 
common ground among the fields of anthropology, linguistics, math-
ematics, computation, sociology, psychiatry, psychology, neurology, 
biology—and there are some disciplines still left out. 

In all of these domains of application for the concepts of cybernet-
ics—summarized as ”in the animal and the machine”, to give Wiener’s 
book’s subtitle its due—the common core is the role of feedback in 
the circular operation of systems seeking goals in changing environ-
ments. Recognition of this core marked the rise of cybernetics in the 
20th century.

Every day we hear the phrase, “let me give you some feedback” about 
some action of ours and its consequences, intended or unintended. 
The term has come to loosely mean any information coming into a 
system; technically, however, feedback is information that is used 
by the system to change its action in the course of aiming toward its 
goal.

The concept of feedback is so widely accepted today that it is impos-
sible to re-live its impact on the hard and soft sciences alike. Science 
prior to cybernetics succeeded only by breaking observations into 
simple, linear, causal chains that appeared to describe the world (as 
von Foerster reminded us as often as opportunity allowed, “science” 
has the same root as “schism”). For cybernetics to “close the loop” 
with feedback, and to thereby make causality circular, was a founda-
tional shift—for how can a scientist remain objective if observation 
causes feedback that affects the observer? This was one reason that 
cybernetics received great resistance in many academic communities.

However, the necessity of feedback in any process that involves itera-
tive refinement is un-contestable. During the processes of design, 
feedback guides every aspect and every level for those who partici-
pate in crafting something. In usage scenarios for the products and 
services that are being designed, modeling the feedback mechanisms 
between user and device is, in turn, key feedback to the processes of 
design.

This section will present a somewhat rigorous view of basic feedback 
systems, also called first-order systems. In practice, while most design 
processes do not require so quantitative a view, this rigor provides a 
foundation from which the designer can judge the degree of specific-
ity required for a particular process.



microphone

A  = original sound
A2 = original sound amplified
B   = amplified sound, re-amplified
 (feedback)

amplifier

speaker
A

A2

B

a. goal of model
This model illustrates the cause of what is probably the 
most memorable experience of positive feedback.

b. description
A “public address system”, whose intention is to amplify 
sound detected at a microphone, instead produces a high-
pitched, ear-splitting scream. This is referred to as “feed-
back”  because of the mechanism that causes it, explained 
below.

c. components and processes
The source of sound (for example, a human) speaks into 
the microphone [A] that converts the acoustic voice into 
electrical signals that travel via wires to the amplifier.  The 
amplifier’s circuits boost the level of the signals, which are 
carried to the speaker, which in turn produces an amplified 
acoustic reproduction of the original sound. 

The sound is now louder than the original human voice; 
it, in turn, enters the microphone where, continuing in the 
loop just described, it is amplified yet further.  This on-
goign loop and amplification at every stage continues and 
so the sound quickly becomes a  VERY LOUD, high pitched 
screech. 

The specific frequency of the feedback sound is determined 
by the characteristics of the circuit and the environment 
through which the sound travels. The maximum volume 
reached is determined by the power output of the amplifier 
itself; otherwise it would increase without bound.

PA systems can produce unpleasant feedback
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PA systems can produce unpleasant feedback
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origins

a. individuals
James Clerk Maxwell

b. era/dates
1868

c. references for model, context, 
author(s), concepts
James Clerk Maxwell, ``On Governors,’’ 
Proceedings of the Royal Society, no. 
100 (1868); or, slightly easier of access, 
in The Scientific Papers of James Clerk 
Maxwell, vol. II, pp. 105--120.

d. examples
Positive feedback: PA system acoustic 
feedback (previous page),  growth in a 
ecological population with unlimited 
food, political conflicts that escalate 
from rhetoric into war

Negative feedback: thermostats (see 
later pages), homeostatic systems in 
the human body, self-limiting popu-
lations where growth of population 
causes depletion of food  that in turn 
limits population, governing systems 
such as  the checks-and-balances of 
the US government (see models in this 
volume).

Feedback Graphs

a. goal of model
A series of graphs present a precise, quantified series of 
models of feedback of two types, positive and negative.

b. description
Positive feedback means that each response by a system 
to a specific variable in the environment tends to push that 
variable’s value further in a given direction (positive or 
negative). As the process continues, the variable’s value is 
pushed to a limit.

Negative feedback means that a variables movement in a 
given direction (positive or negative) causes the system to 
respond in a manner that causes the variable to move in 
the opposite (or ‘negative’) direction. As the process contin-
ues, the variable’s value converges to a stable value.

c. components and processes
The upper graphs show the change in a variable as posi-
tive feedback ‘pegs’ the value at an extreme. The left graph 
shows the more common form, such as the PA example on 
the previous page. The right graph shows a less common 
but equally important case, where the latency of the re-
sponse causes oscillation of the variable of wider and wider 
scope, until, once again, the system becomes unstable.

The lower graphs show the change in a variable as a nega-
tive feedback process causes convergence to a stable value 
(here shown as 0, but other values are possible). The left 
graph shows the simple attenuation of a value. The right 
graph shows the damping of an oscillation in a system vari-
able until a stable value is reached.
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Positive Feedback throws systems out of balance.

Negative Feedback can maintain a system in balance.

Feedback Graphs 
after Maxwell



course set back on course

wind or tide

C4

C5
D4

*

*Rudder needs to be maintained
 at a slight starboard angle (left turn) 
 to compensate for wind and tide.

D = detection of error
C = correction of error

C3

D1 D3 D5 

D6

D7

C7

C1 C2

C6

D2

a. goal of model
The model explicates the relationship between the  
modern term ‘cybernetics’ and its fundamental meaning  
as ‘the science of goal-directed systems’.

b. description
The term ‘cybernetics’ is derived from the Greek word  
‘kubernetes’, usually translated as ‘steersmanship’,  
meaning the understanding and skills required to success-
fully steer a ship to its desired destination. 

More than a metaphor, the process of steering a vessel  
(or system) from a present location or current state  
through to a destination (or, more generally, a goal) is an 
accurate description of cybernetics as the science of goal-
directed systems.

c. components and processes
Beginning from a current position, the system sets a course 
and actions are taken toward the goal—in this case, the 
pilot adjusts the rudder and hence the direction of the ship. 
The environment presents disturbances to the system, 
making the present action insufficient to meet the goal. This 
discrepancy—the difference between intention and situa-
tion, or between current state and desired state—is called 
the ‘error’. Adjustment to the current course is required, us-
ing the details of the error—its magnitude and direction—as 
a guide to the next action.  This process repeats in a loop: 
actions followed by disturbances followed by correction fol-
lowed by actions. 

If the system has enough control over its course despite 
disturbances from the environment, it can achieve its goal. 
The pilot may be a human captain or technology only.

origins

a. individuals
Terminology for the discipline of cyber-
netics was developed in the 1940s, and 
led to the resurgence of the term from 
obscurity, by Norbert Wiener, Arturo 
Rosenblueth, and Julian Bigelow.

b. era/dates
1940s, when Wiener declares that  
the term is newly coined. He later 
learned that both the concept and the 
word goes back to Plato (400 B.C.E.)  
and is used by André-Marie Ampere  
in 1843 to describe ‘the science  
of government.’

c. references for model, context, 
author(s), concepts
Norbert Wiener (1948), Cybernetics 
or Control and Communication in the 
Animal and the Machine, MIT Press, 
Cambridge, MA.

Cybernetics as Steering
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Pilots rely on negative feedback  
to steer a system toward a goal



detection of error
compares current heading 
with desired heading

D= correction of error
adjusts rudder 
to correct heading

C=

a. goal of model
The model is one possible representation of the fundamen-
tal elements of cybernetic loops, here comprising the detec-
tion and correction of errors.

b. description
Steering is shown as an on-going loop, from detection of 
error to correction of error.  This is the purest expression of 
a cybernetic system, the topology of a cybernetic action as 
a loop.

c. components and processes
Starting from [D], the current heading (as of a ship) is 
compared to the desired heading. The difference between 
current and desired heading is the ‘error’.  This difference 
is used at [C] to attempt to correct the error via adjustment 
of the rudder. Equally important is the continuation of the 
system around the loop and recursive action that contin-
ues at [D]—detection of the new error, and new actions to 
respond. 

d. important aspects of model/breakthrough
The topology of the model, that of a loop, is the first occur-
rence in a scientific frame and is called ‘circular causality’—
detection of error causes the system to correct its actions, 
which leads to an outcome, which in turn is reacted to via 
detection and correction, etc. This can be characterized as ‘A 
causes B causes A causes B…’

Steering as a feedback loop

origins

a. individuals
Heinz von Foerster and other par-
ticipants of the Macy Meetings on 
Cybernetics

b. era/dates
1940s

c. references for model, context, 
author(s), concepts
Cybernetics: Circular Causal and 
Feedback Mechanisms in Biological and 
Social Systems,  Transactions of the 
Sixth Conference. New York, N.Y., Heinz 
von Foerster, Editor.  Josiah Macy, Jr. 
Foundation, 1950-1955

F. L. Lewis, Chapter 1: Introduction to 
Modern Control Theory, from  Applied 
Optimal Control and Estimation, Pren-
tice-Hall, 1992. Available at http://arri.
uta.edu/acs/history.htm.
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Steering as a feedback loop



Constant 
output
(Goal)

Actual output

y = b (Set point)

(as in y=mx+b
where b is a constant
equal to the y-intercept)
(m=0 and therefore 
it doesn’t matter what x is)

e.g. course set for 135°16',
desired room temperature 68°,
or the human body maintaining 
a temperature of 98.6°.

Variable input

No matter what the input is,
the output will be the same.

a. goal of model
The model shows how the response of a system may cause 
oscillation of a variable around a desired goal.

b. description
While the goal of a system may be to maintain a variable 
at a specific value, in practice a system is constrained by 
latencies of sensing and responding, as well as character-
istics of physical systems that force a delay between action 
and the effect of that action on the variable.

c. components and processes
The line labelled ‘Constant output (goal)’ is the ideal value 
for the variable that the system attempts to maintain. As in-
put to the system varies over time, the action of the system 
tends to bring the value of the variable back to that ideal 
value.

Goal of Regulator or Governor

time
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Goal of Regulator or Governor
Maintain constant output in the face of varying input



Goal
(Desired State)

Effect
(Current State)

Action
System attempts to reach a goal;
based on feedback,
it modifies its actions.
(System acts both within itself 
and on its environment.)

Measurement
System measures its progress
comparing current state to desired state
determining the difference,
and attempting to correct the ‘error.’ 

Feedback
(transfer of information)

through environmentthrough system

Feedback: Overview

October 4, 2004   |   Developed by Paul Pangaro and Dubberly Design Office

a. goal of model
This model describes the nature of the cybernetic loop at 
the level of a system’s observed behavior.  The model treats 
the system as a black box whose internal functions and spe-
cifics are not shown.

b. description
The fundamental model of cybernetics is the loop. Actions 
cause changes that in turn impact actions in a closed, 
circular relationship, all in service of the system acting to 
achieve its goal.

c. components and processes
An action taken by a goal-directed system may have some 
effect on the environment.  The effect is measured by an 
information flow from the environment that comes into 
the system, called ‘feedback’.  The system compares its 
measure of the current state to its goal, and then attempts 
through a new action, if necessary, to reach its goal.  This 
circular process repeats so long as the system seeks its 
goal. This is the fundamental process of cybernetic systems.

d. important aspects of model/breakthrough
Cybernetics was the first science to embrace circular causal 
relationships, of the form ‘A causes B causes….  
A (see example below). This contrasts to conventional  
science that focuses on linear causality (A causes B: this 
ball hits the bowling pin and knocks it over; sunlight makes 
ocean water hot; etc.). Before the era of cybernetics, loops 
were explicitly excluded from science because of complexi-
ties introduced by them, and the desire of science to reduce 
complex problems to simple, linear-causal chains in order 
to describe them.

origins

a. individuals
Control theorists or practitioners in 
mechanical or electrical engineering.

b. era/dates
Feedback systems were first docu-
mented in the form of a float regulator 
to keep constant the level of oil in a 
lamp (circa 250 BCE). 

c. references for model  
Gregory Bateson, Mind and Nature—a 
Necessary Unity, 1979. On the limits of 
traditional logic for modeling causality 
in biological systems.

d. example 
Thermostats, autopilots.
Homeostatic systems in the body.
Ecological balance across animal and 
food populations.

Goal-Directed System—
Behavioral View
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Feedback: Basics
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a Sensor passes the current state value to  . . . . . . . . . . responds by driving an Actuator

a. goal of model
The model shows the necessary organization of a cyber-
netic system, that is, the individual elements and processes 
required.

b. description
Replacing the ‘black box’ model of the simple loop of the 
previous model, the formal mechanism of a cybernetic sys-
tem must show enough details to explain its behavior or to 
reproduce it.

c. components and processes
The system is shown as the shaded box; all other areas are 
the system’s environment. The goal is reified by the specif-
ics of the system’s construction: 

The comparator takes input from the sensor and computes 
an error.  This results in a specific response by the actuator 
acting upon the environment in an attempt to correct the 
error, that is, reduce it to zero. Whatever changes occur in 
the environment—whether due to correction by the system 
or other disturbances—are reflected in the sensor measure-
ment, which is again passed to the comparator, closing the 
loop.

Sensors and actuators are limited by their resolution, 
frequency (or speed), and range, which has impact on the 
ability of the system to achieve its goal.

c. important aspects of model/breakthrough
The model begins to characterize dimensions of sensing, 
comparing, and acting such that the potential effectiveness 
of a given system in the context of a range of environmen-
tal disturbances can be considered.

Feedback: Formal Mechanism
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Feedback: Formal Mechanism
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Desired temperature e.g. 68º 
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. . . 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 

. . . sen
d

s cu
rren

t to
. . . 

a. goal of model
This model results from the application of the previous for-
mal model of a cybernetic system to a room thermostat.

b. description
Each element of the cybernetic organization is mapped to 
the components of the thermostat.

c. components and processes
The goal of a Desired temperature of 68F is set by the hu-
man. This enables a comparator function, in the form of the 
relationship between the Contact point and the Bi-metal 
coil which reflects the current temperature of the air in the 
room. (The next model gives an example of exactly how 
the comparator might work.) If the Contact point closes a 
circuit, indicating that the temperature of the room is too 
low compared to the Desired temperature, the Heater is 
turned on. Over time this should raise the air temperature 
in the room, which will be sensed by the Bi-metal coil, in 
turn causing movement of the Contact point such that the 
circuit is opened and the heater turned off. 

See the next model for an example of the mechanisms of a 
thermostat.

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



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 

a. goal of model
This diagram shows a specific example of an electro-me-
chanical room thermostat, used in the previous model.

b. description
This thermostat design was common for decades, due to its 
simplicity, reliability, and intuitive human interface for set-
ting the goal of desired room temperature.

c. components and processes
The Temperature Control Lever does not directly control the 
temperature of the room; rather it controls the setpoint goal 
of the system. If the temperature of the room drops below 
the desired temperature, the expansion/contraction char-
acteristics of the Bi-metal Coil cause the Moving Contact 
to touch the Fixed Contact Screw. This closes the electrical 
circuit that powers the heater, causing it to heat the air in 
the room. As the temperature of the air rises, the Bi-metal 
Coil responds and at some point breaks the contact, turning 
off the heater. The process repeats.

d. important aspects of model/breakthrough
The diagram displays an embodiment of the individual ele-
ments of a cybernetic system, namely, a sensor (Bi-metal 
Coil), comparator (relationship of the Moving Contact to the 
Fixed Contact), and actuator (closing of the circuit to turn 
on the heater when contact is made).

How a Thermostat Works
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How a Thermostat Works
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Page Headline

Inside “Goal”

Inside (Actual)
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These diagrams are only intended as theoretical examples.
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-30°
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a. goal of model
This diagram compares the results of a regulated system to 
that of an unregulated one.

b. description
This diagram shows fluctuation of outside temperature vs. 
inside temperature being successfully regulated by a ther-
mostatically-controlled heating system.

c. components and processes
The x-axis shows time of day. The curve labelled “Outside” 
shows how it gets colder at night reaching minimum tem-
perature around 4 AM, and reaching maximum temperature 
around noon.

The y-axis compares the Outside temp to both the “Inside 
(Goal)”—the setpoint of the thermostat—and the “Inside 
(Actual)” temperature. This curve is oversimplified, as the 
oscillations of the air temperature may not be uniform 
throughout the outside temperature cycle.
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Throttle valve 

. . . is indicated by adjusting the 
 length of the vertical link connecting 
 the governor’s lever arm 
 to the throttle valve 
  

. . . raise to close the. . . 
 (as its speed increases) 

. . . lower to open the. . . 
 (as it speed decreases) 

. . . which reduces the amount 
 of steam moving the . . . 

. . . which increases the amount 
 of steam moving the . . . 

a. goal of model
This diagram shows the specific example of a purely me-
chanical regulator used in steam engines.

b. description
Components of the flyball governor are mapped to the 
cybernetic loop. 

c. components and processes
Elements of the cybernetic loop as before, see diagram to 
right for details.

d. important aspects of model/breakthrough
When first developed, steam engines would tend to run 
faster or slower than the desired rate, whether because of 
variation in load or random variations in the system. Unfor-
tunately this led to unstable conditions, and sometimes an 
engine would run faster and faster and blow itself up—until 
the flyball governor was invented. 

Without this cybernetic device, the use of steam engines to 
provide controllable and reliable power would have been 
impossible, vastly slowing the progress of the industrial 
age.

Feedback: Mechanical Example 
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Feedback: Mechanical Example 
Flyball Governor regulating steam-engine speed



Page Headline

3.2 

open 

close 3.1 

Dashed lines indicate the points at which  
the flyball governor is mounted  
to the wooden framework of the Watt steam-engine.  

1.2 

2.2 

2.1 

Through a system of gears and pulleys 
the speed of the steam engine is transferred to 
the gear at the base of the flyball governor— 
causing it to rotate.  
 
At low speed, the flyweights remain close  
to the spinning central axis 
 
As speed increases, the flyweights  
swing outward, and upward. 
 
At low speed, the scissor mechanism 
pushes the lever arm up 
 
At high speed the scissor mechanism 
pulls the lever arm down 
 
At low speed, the lever arm pushes 
the throttle valve open;  
increasing the flow of steam 
 
At high speed, the lever arm pulls 
the throttle valve closed;  
reducing the flow of steam 

0 
 
 
 
 

1.1 
 
 

1.2 
 
 

2.1 
 
 

2.2 
 
 

3.1 
 
 
 

3.2 

1.1 

0 

a. goal of model
The schematic shows the mechanical relationships in a fly-
ball governor that embody a cybernetic feedback system.

b. description
Constructed of the same materials as the steam engine that 
it was designed to control, the elements of the flyball gov-
ernor implement the elements of every cybernetic system: 
sensor, comparator, and actuator.

origins

a. individuals
James Watt

b. era/dates
1788

c. references for model, context, 
author(s), concepts
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d. examples
Side bar infomation text size
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How the Flyball Governor Works
 after James Watt

How the Flyball Governor Works
 after James Watt



Chimney for
coal smoke

Steam cylinder

Throttle valve

Boiler
fleed-water 
pump

Water reservoir

Condenser Air pump

Condenser
water pump

Beam

Flyball Governor

Flywheel

Sun gear

Planet gear

Coal furnace

Water Boiler

Steam line

Coal is  stoked here

Input from 
water source

Watt steam engine with flyball governor

a. goal of model
The entire system of the steam engine and the role of the 
flyball governor is shown.
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Watt steam engine with flyball governor



At low speed the throttle valve opens

a. goal of model
The configuration of the system when the engine is turning 
at low speed is shown.

b. description
The diagram is a detailed view of the linkages and settings 
when the engine is moving at low speed, matching position 
1.1 in the earlier close-up diagram of the flyball governor.

c. components and processes
ln feeding from the boiler [2], the steam line [3] carries 
steam into the pressure cylinder [4], subject to a flow valve 
that is under the control of the linkages from the flyball 
governor. Here the valve is shown to be in the full open 
position, allowing the maximum about of steam to move 
into the cylinder, moving the piston at increasing speed and 
thereby increasing the speed of movement of the beam [5] 
and therefore the rotation of the flywheel [6].

5. The movement of the piston 
 moves the beam

6. The beam’s movement 
 causes the flywheel to rotate

4. Steam pressure 
 in the cylinder 
 moves the piston up

2. Water boiled
 turns to steam

1. Coal burned
 creates heat

3. Steam line feeds steam 
 to the cylinder
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At low speed the throttle valve opens



At high speed the throttle valve closes

a. goal of model
The configuration of the system when the engine is turning 
at high speed is shown.

b. description
The diagram is a detailed view of the linkages and settings 
when the engine is moving at high speed, matching posi-
tion 1.2 in the earlier close-up diagram of the flyball gover-
nor.

c. components and processes
Because of the increased speed of the engine and therefore 
the flywheel [7], the pulley from the flywheel to the flyball 
governor increases the rate of rotation of the flyball gover-
nor. This in turn whips the balls at higher speed [8], causing 
them to raise up and thereby move the connected linkages 
to close the throttle valve [9], reducing the steam in the 
piston [10] and slowing the engine. 7. The flywheel’s rotation

 turns  the flyball governor

8. The balls of the flyball governor
 rise as its speed is increases

9. As the balls rise a series of levers
 closes the throttle valve

10. The amount of steam 
 moving the piston is reduced
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At high speed the throttle valve closes
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Feedback: Biological Example

a. goal of model
The model shows the relationship of the system of biologi-
cal regulation of temperature in the human body to the 
form mechanism of a cybernetic system.

b. description
Each element of the cybernetic organization is mapped to 
biological components that fulfill those elements.
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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) 

5756 Introduction to Cybernetics January 2010 | Developed by Paul Pangaro and Dubberly Design Office

Feedback: Biological Example
Regulating temperature in the human body
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How the Regulation of 
Body Temperature Works

a. goal of model
The diagram shows the specific physiological functions that 
implement temperature control in the human body.

b. description
The cybernetic loop is superimposed on the physiological 
components that implement them.

c. components and processes
Loop as per earlier diagrams. Nerves in the skin send 
signals to the Hypothalamus which controls an increase 
or decrease in the flow of blood to the skin, depending on 
whether the goal is to increase or decrease the heat of the 
body.

Vein 

Artery 

Warm Cold 

nerves in the Skin 

amount of heat exiting the body  

expand contact 

. . .send signals to the. . .  

which or . . .increases the flow of blood 
 to the skins surface to expel. . . 
 (if the surrounding air is too warm)  

. . .reduces the flow of blood 
 to the skins surface, to conserve. . . 
 (if the surrounding air is too cold) 
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How the Regulation of Body Temperature Works



a. goal of model
The diagram shows how a human can complete a cyber-
netic loop. 

b. description
A person adjusts the flow of hot and cold water in order to 
obtain the desired temperature and rate of flow.

c. components and processes
Starting from the right side, the Valve controls the water 
flow, that is, the volume of the Cold water and Hot water. 
These volumes mix and produce the Output. Via Touch, 
Sight, and/or Sound—the Person’s sensors—the Person can 
detect the difference between the current an desired state. 
By deciding on the direction and scale of the error, the 
Person adjusts the Controls, that is, varies the setting of the 
Cold and Hot water Valves. This changes the Output, which 
in turn is sensed by the Person, etc.

d. important aspects of model/breakthrough
Because cybernetics effectively models loops that involve 
goals, actions, and feedback, cybernetic models can im-
prove a designer’s understanding of the role that each 
component of the system plays: sensors, comparator, and 
actuators, as well as the feedback channels required to 
close the loop for the user.

First-order Feedback and 
Modeling Interfaces

Controls

ValvePerson

Effectors

Sensors Output
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First-order Feedback and Modeling Interfaces
Regulating water temperature



a. goal of model
The model maps an iterative process of design to the cy-
bernetic framework. A designer is considered a cybernetic 
system, in the process of creating a rocket.

b. description
As usual, the process involves a loop where system actions 
(building a prototype) have impact on the environment 
(that which is designed, in this case a rocket). Viability of the 
built prototype is tested, feedback gathered by the system, 
and an evaluation made. The process loops and repeats.

c. components and processes
Comparator = Designer
Actuator = Prototyping process
Environment = Prototype being tested
Sensor = Research performed on outcomes of the test

d. important aspects of model/breakthrough
The mapping of design to the cybernetic loop begins the 
correspondence between cybernetics and design. While 
design processes have always implied iteration and test of 
‘fitness’ of the design to its purpose (the goal of the design-
er), this model makes the direct correspondence explicit 
and therefore subject to understanding, improvement, and 
extension.

origins

a. individuals
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First-order Feedback and the 
Design Process
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First-order Feedback and the Design Process
Prototype-test process



           

Introduction to Cybernetics
and the Design of Systems

Requisite Variety

As observers, we say that certain systems are organized 
to act effectively in their environment in order to achieve a 
goal. To do so, a system must be able to sense its environ-
ment, compare what it senses (current state) to a model of 
its goal (desired state), and to act in a manner that moves 
closer to its goal. 

In general terms, a system experiences disturbances from 
its environment that move it away from its goal. The system 
must be able to respond so that it can achieve its goal de-
spite the disturbance. 

Essential variables are those parameters of a system’s 
operation that must be kept within strict limits for the sys-
tem to achieve its goal. The alternative is a system that is 
ineffective at achieving its goal, or even dying or being 
destroyed. 

In the case of a thermostat, the essential variable is the 
temperature of the room; if kept close to the setpoint of, 
say, 70º F, we say the system has maintained its essential 
variable. 

The capabilities and capacities of a system to overcome 
disturbances and to achieve its goal must be measurable, 
if design is to be explicit. Of course, it is always possible to 
try more-or-less random changes until something works. 
This  wastes resources by “just trying things” instead of 
converging efficiently and purposefully. In addition, such 
random attempts increase the risk of system failure be-
tween now and (possibly never-attained) success.

One way to measure a system’s capabilities is in terms of 
the number of different possible responses that the sys-
tem, because of its make-up, can have to what it senses in 
the environment. In the case of a simple thermostat, the 

system has 2 possible responses: turning the heater on or 
turning it off. 

Using a number to reflect range of capabilities of a system 
is particularly mechanistic and or quantitative, but valuable 
as a starting point. 

We call the range of possible responses embodied in a 
system its variety. In the course of many design tasks—
software or service design, for example—a simple numeric 
measure of the total number of responses may seem too 
simplistic. But there is great value in thinking about—and 
explicitly designing for—the variety of the systems we 
create and then evolve. Just as the scope of cybernetics 
extends from mechanical to biological to social systems, so 
does the concept of variety. 

If a system possesses enough variety to achieve its goal, 
we say the system has requisite variety (RV), that is, it has 
the variety required to succeed in achieving its goal.

For a system to have requisite variety, the system must 
possess at least as much variety as the environment that is 
the source of the disturbances. This is called Ashby’s Law of 
Requisite Variety 

RV is always a relationship between a system and a pro-
posed environment. While the system’s variety changes 
only when the system is changed, RV is judged to be pres-
ent or not depending on a comparison between a measure 
of system variety and a measure of the variety of an ex-
pected environment.

It is incorrect to refer to “adding to a system’s requisite 
variety” or “giving the system more requisite variety”. Ei-
ther the system has RV or doesn’t; it is a binary relationship 
between system and environment, not a quantity.



origins

a. individuals
W. Ross Ashby

b. era/dates
Early 1950s

c. references for model, context, 
author(s), concepts
Design for a Brain (1952) and Introduc-
tion to Cybernetics (1956),  

Introduction to Cybernetics is available 
for download at http://pespmc1.vub.
ac.be/ASHBBOOK.html.

See also Geoghegan and Pangaro, 
“Design for a Self-Regenerating Orga-
nization”, that applies Requisite Variety 
to social organizations, available for 
download at http://pangaro.com/ashby.

d. examples
A pilot + ship’s ability to withstand a 
storm. A heating system’s ability to 
keep the internal temperature above 
70º F during a cold snap. A corpora-
tion’s ability to avoid bankruptcy dur-
ing a market downturn. 

a. goal of model
“Variety” is the measure of a range of behaviors, whether 
the system’s or the environment’s.  Ashby rigorously expli-
cates the limits of a system’s ability to achieve its goals with 
his concept of “Requisite Variety”. 

b. description
The term “control” applied to a system’s relationship to its 
environment is potentially confusing: while some systems 
can, in practice, dominate their environment (for example, 
a human’s relationship to a pencil), it is almost inevitable 
that disturbances (whether predictable or unforeseen) arise 
to confound the system. What can be done? Designers can 
calculate variety in the system and the environment, and 
decide on trade-offs of viability and cost.

c. components and processes
Ashby coined the term “Essential Variables” to refer to 
those aspects of a system that must be maintained within a 
specified range in order for the system to be viable, that is, 
to continue to exist as the system in question. Text at right 
explains the relationship among these terms. The diagram 
under “Result = EV Preserved” shows metaphorically that 
the system’s variety in all cases meets the variety of the en-
vironment, and so persists. Under “Result = EV Destroyed”, 
the system cannot respond to particular disturbances in the 
environment—as indicated by “?”—and so cannot persist.

d. important aspects of model/breakthrough
For the first time, Ashby provides a tool for determining vi-
ability of a given system design.

Requisite Variety

Result = EV Preserved 
(system succeeds—“lives”)

Variety in 
Disturbance

Example: A

Example: B

Example: C

Example: A

Example: B

Example: C

Variety in
Response

Result = EV Destroyed
(system fails—“dies”)

Variety in 
Disturbance

Variety in
Response

?

?

?
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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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a. goal of model
The diagram contrasts the probability of a disturbance oc-
curring with the cost of constructing a system that will suc-
cessfully regulate against that disturbance.  It also shows 
variety as a quantity, rather than a discrete conditions that 
are present or not-present, as in prior diagrams.

b. description
Extending the range of a system’s viability is not without 
a price: in general, the more extreme a disturbance, the 
greater the effort required to counter it. In turn, more re-
sources are required to construct, comprise, or operate the 
system under those extreme conditions; and, in turn again, 
the greater the cost of handling those extremes.

c. components and processes
Looking bottom to top, the left-hand figure shows the value 
of an essential variable (e.g., temperature) from cold to hot 
(shown bottom to top). The curve shows that the probability 
of extreme cold is low (bottom); the probability of middle-
level temperatures is greater; and the probability is again 
low for the extreme hot (top).

The right-hand figure shows, for the same range of tem-
peratures bottom to top, that the cost of attaining the goal 
goes from high, at the extremes, to low in the middle val-
ues. The size of the area to the right of the curve is a rough 
indication of the cost of constructing and/or operating a 
system to handle the range of disturbances.

d. important aspects of model/breakthrough
Although not quantitatively precise, the diagram displays 
the consequences of design decisions in terms of variety 
versus cost.

Requisite Variety is a Function of the 
System’s Goal

Probability of Disturbances Cost of Attaining Goal 
(Goal responds to a range  
of disturbances) 

The greater  the range of disturbances met— 
that is the greater the variety of the system— 
the more it costs. 
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Requisite Variety is a Function of the System’s Goal

Determining appropriate goals involves balancing 
probability of disturbances against cost of meeting them. 



a. goal of model
The graph provides another view of the relationship be-
tween variety and cost (can be compared to previous 
model).

b. description
Designers must be aware of the implication of the range of 
their design; specifically, that handling less-probable cases 
can increase costs significantly.

c. components and processes
The horizontal axis shows amount of Disturbance, with 
increasing disturbance from left to right. The amount of 
Disturbance, or its Severity, is another name for the Variety 
presented by the environment.

The vertical axis shows the probability of an environment 
exhibiting a particular degree of Disturbance. 

The lighter curve shows that, as the Disturbance (Variety) 
increases, the probability of it occurring is reduced. The 
darker curve shows that, even as the probability of the 
severity of the Disturbance is reduced, the cost of handling 
it increases.

d. important aspects of model/breakthrough
There are always trade-offs in incorporating additional sys-
tem complexity in service of  system variety and the con-
comitant cost to achieve more system variety. This trade-
off is one of the most difficult design issues in complex 
systems, and design outcomes may be improved by close 
examination involving multiple views and calculations

Comparing the Cost of Adding Variety
to the Probability of a Disturbance

Disturbance 
(Severity = Variety) 

Probability of disturbance 
affecting the system 

+ - 

Cost of adding variety to system 
so it can respond 
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Comparing the Cost of Adding Variety
to the Probability of a Disturbance



a. goal of model
The diagram formalizes the required actions of the system 
to achieve requisite variety.

b. description
The diagram places the functioning of Requisite Variety in 
the frame of the formal model of a cybernetic system, as 
well as the Shannon model of a communication channel. 
Disturbances correspond to noise in Ashby, and Essential 
Variables correspond to messages in Shannon.

c. components and processes
Grey System Box: sensor, comparator and actuator operate 
as before. Note annotation of Resolution, Frequency, and 
Range as parameters on input and output; these become 
part of the design considerations in calculating Requisite 
Variety.

Channel Line: Source, Disturbances, and Transformation 
mirror Shannon’s transmission channel, used by Ashby to 
bridge the two models. 

Lower Section: Arrows that show Disturbances meeting 
Responses, and calculation of Essential variables as per 
previous models.

d. important aspects of model/breakthrough
The diagram shows correspondences between Ashby’s and 
Shannon’s formulations.

Requisite Variety: Formal Mechanism

origins

a. individuals
Side bar infomation text size

b. era/dates
Side bar infomation text size

c. references for model, context, 
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Chapter 11, Introduction to Cybernetics 
W. Ross Ashby. Chapman and Hall. 

[Shannon channel ref]

d. examples
Side bar infomation text size
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Requisite Variety: Formal Mechanism



a. goal of model
This model results from the application of the previous 
model, the formal mechanism of requisite variety, to a 
space heater.

b. description
Each element of the model of requisite variety is mapped to 
the components of the system of a space heater.

c. components and processes
Components and processes as per previous model. Specific 
values for variety of sensor and actuator are given. This 
enables a quantitative calculation of conditions for which 
the system is capable of maintaining the desired goal of 68° 
Farenheit. Note that 18º F is the maximum temperature shift 
possible with the current system design.

As shown in the arrowed-figure at bottom right, the system 
loses its ability to achieve its goal when the air temperature 
in the room goes from 50º to 49º. This is indicated by the 
Essential Variable moving to -1º.

d. important aspects of model/breakthrough
Not all variables under system control are necessarily, 
strictly ‘Essential Variables’ (EVs), that is, conditions re-
quired for the system to persist. Ross Ashby coined the 
term to refer to living systems, for which loss of control of 
EVs would mean, in the case of an organism, death. 

Very often, as in the case of a space heater, subjecting the 
system to temperatures down to 40º will probably not dam-
age it, even while it can’t achieve its goal. However, subject-
ing the system to -20º probably would damage it. 

Requisite Variety Example: Space Heater

Warm air

Air temperature in the room

If variety of disturbances < the variety of responses, then the system remains stable (first 3 cases).

generates may affect determines
Cold air
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yb detceted

Goal = 68º 
(embodied in the)

Temperature control dial

(determines regulator’s
 choice of responses) se

vir
d

generates
m

ay affect
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0 watts [off]  
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1500 watts 
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the output is]  
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2 minutes to go from 0 to max,  
1500 watts/120 secs =  
12.5 watts/second 
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Requisite Variety Example: Space Heater
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What defines the input and the output 
of a System?

a. goal of model
The figure presents the parameters of the sensor and actua-
tor in a specific case. These parameters have direct bearing 
on the variety of the system. The use of the Venn diagram is 
metaphorical only.

b. description
Range, Resolution, and Frequency (latency) are parameters 
for both the sensor and actuator of any system. For the spe-
cific case of a space heater, the breakdown of these param-
eters is shown.

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



a. goal of model
The graph quantifies the parameters of the operation of the 
temperature sensor of a space heater.

b. description
The temperatures at which the sensor changes its output, 
and how frequently the sensor takes a reading, are shown.

c. components and processes
The horizontal axis shows the frequency of (or latency be-
tween) readings by the sensor of the temperature, that of 3 
times per second.

The vertical axis shows the range of readings in which the 
sensor maintains the value of its other parameters, namely, 
its resolution and frequency. This range is 55º to 95º.

The horizontal, lightly-shaded area of the graph shows the 
accuracy of its readings, which occur within 2º of a given 
value. 

Defining resolution, frequency, and 
range within an sensor 

1/3 0 2/3 3/3 seconds 

Reading 1 Reading 2 Reading 3 

Set Point 

Heater ON 

Heater OFF 

Resolution +2º 

-2º 

50º 

40º 

30º 

60º 

70º 

80º 

90º 

100º 

Range 
(55-95º) 

Frequency 
3 readings / sec 
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Defining resolution, frequency, and range within an sensor 
 Example: Space Heater



a. goal of model
The graph quantifies the parameters of the actuator of a 
space heater.

b. description
The heat output of the actuator, and the rate at which it pro-
duces heat, are shown.

c. components and processes
The horizontal axis shows the time in seconds that the 
heater takes to go from completely off to completely on 
(maximum heat output).  The graphs shows this process to 
take 120 seconds.  This parameter is called frequency (or la-
tency) because it describes the time required for the heater 
to act.

The vertical axis shows the range of potential heat output 
for the space heater.  The span of potential output is from 
0 watts (off) to 1500 watts (completely on and warmed up). 
This is called the range of the actuator. Control of the heat 
output has a resolution of 50 watts, that is, the finest grain 
of control of the actuator is in roughly 50-watt increments.

The shaded area of the graph shows the relationship of 
time to heat output, assuming the heater is turned on full 
and the environmental disturbance is unchanged.  The 
linear increase of output is an ideal case, while real-world 
heaters are likely to have non-linear heat-up times, but this 
is not material to most designs. 

Defining resolution, frequency, and 
range within an actuator

300 

150 

 0 

450 

600 

750 

900 

1050 

1300 

1450 

1600 

60 30 0 90 120 Seconds 

Range 
(0 -1500 Watts) 

Resolution 
50 watts 

1500 watts max 

Frequency 
Requires 2 minuets  

to go from 0 to max output 
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Defining resolution, frequency, and range within an actuator
 Example: Space Heater



a. goal of model
The model and graphs on subsequent pages provides a 
detailed and quantitative analysis of the variety of a room 
space heater.

b. description
Specifications of a space heater, the heat transmission qual-
ities of a room, and outside conditions are used to define a 
specific case for computing the variety of a system.

Effectiveness of the heating system could be improved by 
adding insulation to the wall or increasing the heat output 
capacity of the heater. 

Determining the effective range of a 
space heater

Oil Filled Space heater
1500 Watt

h
ea

ts
 t

h
e 

. . . heat escapes through the Exterior wall 

Standard residential wall
0.1m thick insulating brick,
with a thermal conductivity of 
0.15 Watts/(meter*Kelvin).

Cold air outside e.g. 60°Air in the room to 68°

. . . In this example there is only one 
 exterior wall; and all other walls 
 are considered to have perfect insulation

100 m2 room 

10'

10m

10m

Air temperature
measured by
the space heater
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Determining the Effective Range 
The heater can maintain the room at 68º when the outside temperature is less than  
or equal to 68º, and greater than or equal to some minimum temperature T that we have  
to find. This T is characterized by the fact that it causes the rate of energy loss through  
the wall to be exactly equal to the maximum rate at which the heater can bring energy  
into the room.

An equation describing this is:
rate of energy transfer = k*(Tin - Tout)*(wall area)/(wall thickness)

At what Temperature does the space heater fail?
Using the equation above we find that Tout = 283.1K or 50ºF— 
when the outside temperature falls below 50ºF, the space heater 
will no longer be able to maintain the room at 68ºF.

Elements within the Current Situation:  
Space heater output = 1500 Watt (5120 BTU/hr)  
Wall area = 100 m2  
Wall thickness = 0.1 m  
68ºF = 20ºC = 293.15ºK  
Thermal conductivity for k (insulating brick) = 0.15 Watts/(meter*Kelvin).

Using  the equation above , we find that Tout equals 283.15ºK (50ºF).  
Keep in mind that this result is for a 10 centimeter thick wall of insulating brick.

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



Graphing the effective range of a space 
heater

a. goal of model
The graph shows the effective range—the conditions under 
which the system achieves requisite variety—for a specific 
system and environment.

Inside 
Temperature

These figures are only intended as a theoretical example.

Outside Temperature

90° 100°80°70°60°50°40°30°20°10°-10°-20°-30°-40°-50° 0°

90°

100°

80°

70°

60°

50°

40°

30°

20°

10°

-10°

-20°

-30°

-40°

-50°

0°

Effective Range A

Effective Range B
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In the previous example, the effective range of the space heater is relatively narrow,  
due to the amount of heat lost to the cold air outside. Above we can see the  
effective range from the previous example (Effective Range A), in comparison to a room  
of equal proportions, but with improved insulation (Effective Range B).

Effective Range A 
Insulating brick R-Value = 3.8 (0.15 Watts/meter*Kelvin).

Effective Range B 
2"× 4" construction & standard insulation R-Value = 10.5

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.

In the ‘‘effective range”, 
the system is able to maintain 
a constant inside temperature.

Graphing the effective range of a space heater



a. goal of model
The graph plots actual temperature for a city against the ef-
fective ranges of space heater described in previous pages.

b. description
By contrasting the two ranges, Effective Range A and Ef-
fective Range B, the graph highlights the implications of 
careful calculation of the variety of the system versus the 
variety of the environment. In this case, a system designed 
for Effective Range A would achieve its goal for mid-June 
through mid-October, only. The more expensive system 
designed for Effective Range B, however, achieves its goal 
for the entire year—at least, for the specific enivironmental 
conditions of the year shown.

Where does the space heater fail?

30º

20º

10º

40º

50º

60º

70º

80º

Daily Low Temperature
San Francisco, California 2004

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

Effective Range A

Effective Range B
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Where does the space heater fail?
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Requisite Variety: Social Example
Los Angeles Lakers

a. goal of model
The diagram shows the application of the concept of vari-
ety to a social example, that of analyzing the capabilities 
of a basketball team in terms of the quality (variety) of its 
individual players.

b. description
The diagram shows the five starting players for each team 
with their salaries. Variety of an individual player is derived 
from his salary; the higher the pay, the “better” the player 
which, in the game of basketball, is interpreted to mean his 
capacity to respond in real-time to conditions of play; that 
is, the variety of the player versus the variety of the envi-
ronment, that of the game itself.

c. components and processes
On the left side is shown a comparison of players of the los-
ing team, the Los Angeles Lakers, and the winning team in 
the Semifinals of the 1995 West Conference. The sum of the 
salaries is shown at the bottom, implying that the variety of 
the Lakers fell short of that of their opponents in this game.

In contrast, when the Lakers played in the NBA champion-
ship 5 years later, the team was completely different and 
had the advantage over their opponents in salary and, 
therefore, in variety. This time they won. 

d. important aspects of model/breakthrough
While not strictly precise, the use of salary as proxy for 
variety, and the understanding that comes from the ensu-
ing analysis, are valid examples of applying the concept of 
variety to systems that are social and involve human com-
ponents.

Lost West Conference Semis in 1995  
to the San Antonio Spurs (4-2) 
Finished 3rd in NBA Pacific Division (48-34) 

Won the NBA Championship in 2000  
by defeating the Indiana Pacers (4-2) 
First Championship in 12 yrs. (also first year w/Phil Jackson) 
Finished 1st in NBA Pacific Division (67-15 ) 
 

Los Angeles Lakers 
Coached by: Del Harris 
10 yrs. Coaching  
53% Wining average 

 San Antonio Spurs 
Coached by: Bob Hill 

5 yrs. Coaching 
53% Wining average 

Los Angeles Lakers 
Coached by: Phil Jackson 
10 yrs. Coaching  
75% Wining Average 

 Indiana Pacers 
Coached by: Larry Bird 

3 yrs. Coaching 
69% Wining Average 

$14,015,000 $10,383,300 (26% below the Spurs) 
Starting Line-up Salary Totals 

$32,209,350 

$40,942,858 (23% above the Pacers) 
Starting Line-up Salary Totals 

Los Angeles Lakers Indiana Pacers 

2000 Starting line-up & related salary 

Jalen Rose 
$2,437,500 

Kobe Bryant 
$9,000,000 

Dale Davis 
$4,490,000 

Rik Smits 
$12,250,000 

Reggie Miller 
$9,031,850 

Mark Jackson 
$4,000,000 

Derek Fisher 
$3,000,000 

Robert Horry 
$4,800,000 

Glen Rice 
$7,000,000 

Shaquille O’Neal 
$17,142,858 

$0 $0 $20 Million 

$0 $0 $20 Million 

Los Angeles Lakers San Antonio Spurs 

1995 Starting line-up & related salary 

Nick Van Exel 
$1,900,000 

Avery Johnson 
$650,000 

Sean Elliott 
$1,350,000 

Eddie Jones 
$1,300,000 

J.R. Reid 
$2,215,000 

Cedric Ceballos 
$1,750,000 

Dennis Rodman 
$2,500,000 

Elden Campbell 
$2,100,000 

David Robinson 
$7,300,000 

Vlade Divac 
$3,333,300 

$0 $0 $20 Million 

$0 $0 $20 Million 
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Requisite Variety: Social Example—Los Angeles Lakers
Money is a proxy for player performance.
In this case increased Laker spending seems to have increased variety. 
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Page Headline

a. goal of model
[do we want to keep this in the book? might need it to 
bridge the ashby readings --- if so, annotation needs chang-
ing, refers to ‘previous page’]

b. description
Main Text Area

c. components and processes
Main Text Area

Regulator 

Controller 

Disturbance Source Essential Variables Transformation 

Our formal feedback mechanism from the previous page— 
itself a slight transformation of the Feedback: Formal Mechanism— 
may be translated into single-letter shorthand. 

D T E 

R 

C 

S 

C 

D T E 

R D 

C R 

E T 

C E 

= = 

C can completely control outcome E 
when R is a perfect regulator, 
i.e., when R has requisite variety; 
only then are we assured a constant 
or noise-free signal. 

Rearranging to align inputs C & D As above Flipping on the horizontal axis 
to yield Ashby’s model 
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Mapping the Feedback: Formal Mechanism 
 to Ashby’s Communications Model
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a. individuals
Side bar infomation text size

b. era/dates
Side bar infomation text size

c. references for model, context, 
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[ashby and Shannon as before, OK to 
repeat here probably]

d. examples
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Mapping Ashby’s Model to Shannon’s

a. goal of model
[Again not sure about keeping this; seems like more than 
the students need, esp. Given culling of content from 
reader]

b. description
Main Text Area

c. components and processes
Main Text Area

Consider R as a transmitter. 
The law of Requisite Variety says that 
R’s capacity as a regulator cannot exceed 
R’s capacity as a channel of communications.

Shannon’s Theorem 10 says that 
if noise appears in a message, 
the amount of noise that can be removed by the correction channel 
is limited to the amount of information that can be carried by that channel.

Thus the use of a regulator to achieve homeostasis 
and the use of a correction channel to suppress noise 
are homologous.

D R T

Disturbance Regulator Transformation

Noise Correction Channel Message

9392 Introduction to Cybernetics January 2010 | Developed by Paul Pangaro and Dubberly Design Office

Mapping Ashby’s Model to Shannon’s



Second-order feedback systems comprise two first-order 
loops in a particular relationship: the actions of the outer 
loop regulate the goal of the inner loop.

This offers a major advantage over single-loop systems: 
a capacity to learn.

A first-order system cannot learn. Given what the sensors 
“see” in the environment, the comparator chooses an ac-
tion. If there the system possesses requisite variety, the 
system has an appropriate response and the system’s goal 
is achieved, no matter what the environmental condition. If 
not, the system simply fails. But either way the relationship 
between the sensing and acting never changes, because 
nothing inside the system changes.

A second order system has additional structure—the high-
er-order, or outer loop—which can “see” the results of the 
actions of the first-order loop, “in its own terms”. By com-
paring results to its own (second-order) goal, the outer loop 
can modify the goal of the first-order loop, and then sense 
whether its goals are met. If so, the outer loop can remem-
ber which goal-setting of the first-order loop was successful 
under which conditions. The function of remembering is 
performed by the comparator of the outer loop.

This is the simplest possible form of learning—that is, de-
pending on its experience, the system changes its future 
behavior.

Per Ashby, the simplest strategy for learning is a random 
change of goal followed by the memorization of a success-
ful change of goal versus a particular environmental condi-
tion. 

In practice, a system often has a more efficient mechanism 
than random trials; for example, it might have built-in strat-
egies—that is, pre-programmed learning—for determining 
what to try in relation to a specific condition of the environ-
ment. However, this requires additional complexity and is 
no longer the simplest case.

Introduction to Cybernetics
and the Design of Systems

Second-Order
Feedback



a. goal of model
Building on the feedback loop of first-order systems, the ad-
dition of a higher-order loop—one that changes the goal of 
the first loop—formulates another foundational cybernetic 
model: second-order feedback.

b. description
The elements of each loop are the same as first-order sys-
tems. The manner in which the two systems are coupled—
the second-order loop changing the goal of the first-order 
loop—is a requirement for second-order feedback systems.

c. components and processes
See description in the diagram.

d. important aspects of model/breakthrough
Only systems that are second-order can learn, that is, can 
modify their goals based on experience. Without the outer 
loop regulating the goal of the inner loop, there is no mech-
anism within the system of changing goals at all. A first-or-
der loop has a fixed goal, which means that it has the same 
response to the environment whether it has just started or 
anytime in the future. By definition, a system that learns 
is one which changes its behavior based on experience. In 
order words, it learns when to change its first-order goal, 
the better to achieve its second-order goal.

origins

a. individuals
Gregory Bateson
Margaret Mead
Donald Schön & Chris Argyris
Heinz von Foerster

b. era/dates
seeds from the 1940s
development 1960s and after

c. references for model, context, 
author(s), concepts
Gregory Bateson and the concept of 
deutero-learning.
Donald Schön & Chris Argyris and the 
concept of double-loop learning.
Heinz von Foerster and the concept of 
second-order cybernetics [“Ethics and 
Second-order Cybernetics, Stanford 
Humanities Review]

Second-order Feedback: Basics

Goal 2
(Desired State 2)

Action 2
Second-order system attempts to reach its goal
by controlling the goal of a first-order system. 

Measurement 2
Second-order system measures the 
effect of the first-order system’s action.
Based on that information, the second-
order system modifies its action – 
resetting the goal of the first-order system.

Feedback Loop 2
(transfer of information)

through environment through both systems 

Goal 1
(Desired State 1)

Effect
(Current State)

Action 1
First-order system attempts to reach a goal;
based on feedback, it modifies its actions.
(The first-order system acts both within itself 
and on its environment.)

Measurement 1
System measures its progress
comparing current state to desired state
determining the difference,
and attempting to correct the ‘error.’ 

Feedback Loop 1
(transfer of information)

through environment through the first-order system 
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Second-order Feedback: Basics
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Second-order Feedback: Formal Mechanism

a. goal of model
The model shows the necessary organization of a second-
order cybernetic system, that is, the individual elements 
and processes required for a system that is capable of 
learning.

b. description
The nested quality of the two sub-systems is shown in their 
exact relationship. All the elements of each sub-system are 
as before.

c. components and processes
See description on right-hand page.

d. important aspects of model/breakthrough
The exact relationship of actuator, goals, and feedback is 
shown, providing a template for confirming or designing 
second-order feedback systems.

Observed 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

. . . 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

Observing System

Goal

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

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

. . . has 
 resolution
 frequency
 range

input

output

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

system boundary
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a. goal of model
The model places a person in the role of the second-order 
feedback system, setting the goal of the first-order system.

b. description
The model combines the first-order thermostat model with 
a person who uses feedback from the environment to deter-
mine if the goal has been achieved.

c. components and processes
Feedback from the environment (air temperature in the 
room) is used by the second-order system (person) to de-
termine if the goal (comfort) has been achieved. If not, the 
second-order system (person) may modify the first-order 
goal (the setpoint of 68 degrees), in an attempt to achieve 
the goal. Or, the person may decide to regulate a different 
system, such as removing a disturbance of cold air by clos-
ing an open window, putting on a sweater, etc.  

d7. important aspects of model/breakthrough
The second-order loop introduces the term “Observing 
system”, that observes the outcomes from the first-order 
loop and determines if regulation of the first-order goal is 
required.

Second-order Feedback: Classic Example

is
 fe

lt 
by

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˚
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Second-order Feedback: Classic Example
Person controlling a thermostat (regulating a regulator)



Roof module
(multi-antenna)

Wheel controller
and wheel angle sensor

Touchscreen
terminal

Base station

A) Satellites send signals
    to vehicle and base station

B) Base station sends
    correcting signal

C) System measures
    position and orientation 

D) System tells wheel controller
    how much to turn the wheels 
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The base station provides
correcting signals

Multiple antennas  
measure position and  
orientation (heading)

The wheel angle  
controller and sensor
insure precise steering

The AutoSteer system 
begins with GPS  
satellite signals

A DCB

How the AutoSteer system works: Overview

The AutoSteer system enables farm equipment to accurately steer a path and then— 
a minute later or a year later—come back and steer the same path. Being able to steer  
the same path means farmers know where their plants will be and can precisely position tools 
for prepping, planting, spraying, cultivating, and harvesting. And with accurate,  
repeatable steering, farmers can increase yields, reduce chemical use, and decrease costs.

How the AutoSteer system works: Tractor Detail
The AutoSteer system relies on feedback  
to insure the components work together 



A C D D

Desired position
(e.g. end of row)

Compares with

Compares with Desired heading

Desired wheel angle

Wheel angle controller
turning it more (or less) as needed

Wheel angle sensor
measures current angle

Slope or mud
create disturbances

Inner feedback loop
insures wheels turn as directed

Middle feedback loop
insures vehicle is headed
in the right direction

Outer feedback loop
insures vehicle acquires the
steering path center line
and stays on it.

Multiple antennas allow AutoSteer
to directly measure current heading

RTK GPS system
measures current position

Compares with

Grower

1

And AutoSteer sets
(or corrects)

And AutoSteer sets
(or corrects)

And AutoSteer sets
(or corrects)

sets

2

3

4

105104 Introduction to Cybernetics January 2010 | Developed by Paul Pangaro and Dubberly Design Office

Second-order Feedback: Electro-mechanical Example: Precision Farming
The AutoSteer system uses three nested feedback loops  
to automatically steer farm equipment, positioning it to an accuracy of +/- 2 cm 
with repeatability assured year-round.
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a. goal of model
The model applies second-order feedback models to a com-
plex biological example.

b. description
Based on a real-world example, the model shows the 
nested relationships and influences on many levels.

c. components and processes
See description on right-hand page.

d. important to notice
Even without any quantitative details, the model is instruc-
tive in showing the complexity and interdependencies of 
the nested systems. 

Second-order Feedback:  
Biological Example

wolves

laws

elk

willows

beaver

damns

ponds 

erosion

regulate
the number of

enact

regulates
the grazing 
habits of

regulate
the number 
and size of

regulate
the number of

can bother ranchers,
can bother naturalists

regulate
the number 
and size of

regulate
the number 
and size of

provide 
protection for the

create more 
habitat for

provide 
food for

regulate
the rate 
and extent 
of

provide 
opportunities
to trap elk for

provide 
food for the

can bother ranchers,
can delight naturalists

humans

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.

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.)
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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).



a. goal of model
The model explains Englebart’s second-order perspective 
on organizational regulation. 

b. description
Characterizing the cybernetic loops of an organization in re-
lation to its own learning requires multiple, nested systems.

c. components and processes
The lowest-level system (lower-right) shows a typical man-
ufacturing process, involving input (raw material), some 
product-making processes, and output (finished product). 
The role of feedback is to ensure that a given level of qual-
ity of the finished product is maintained. Sensors may 
detect variations in quality and cause a modification of pro-
duction processes to return to the desired level of quality.

The above system is nested in a second-order relation-
ship with a localized quality-management system (center) 
whose responsibility is to sense whether the lower-order 
system is achieving its goals for quality. If not, the quality 
management system may test changes to the goals of the 
lower order system. Status of quality is monitored (by both 
systems) and adjustments made if needed; successful tests 
cause changes to be installed in the lower-order system.

A further second-order relationship is maintained with the 
corporate quality management system (upper-left). This sys-
tem also senses the overall quality of output and will act, if 
needed, by roll-out of changes to the localized quality-man-
agement system. 

Englebart’s model makes explicit the need for multiple nest-
ings to achieve robust and efficient organizational design.

 

origins

a. individuals
Side bar infomation text size

b. era/dates
Side bar infomation text size

c. references for model, context, 
author(s), concepts
Englebart 

d. examples
Side bar infomation text size

Second-order Feedback: Social Example
after Douglas Englebart

production

local process

goal = maintain quality output

outputinput
(raw material) (finished product)

prototype

local quality management process

goal = improve local process

test changeobserve problem

codify

corporate quality management process

goal = improve the means of improvement

roll-outobserve success

109108 Introduction to Cybernetics January 2010 | Developed by Paul Pangaro and Dubberly Design Office

Second-order Feedback: Social Example 
after Douglas Englebart
Organizational ‘boot-strapping’ process 
relies on nested feedback loops.



origins

a. individuals
Side bar infomation text size

b. era/dates
Side bar infomation text size

c. references for model, context, 
author(s), concepts
Side bar infomation text size

d. examples
Side bar infomation text size

a. goal of model
The model applies second-order feedback to the social ex-
ample of “design”, showing nested systems.

b. description
Distinctions are made between the User of a product, the 
Designer of that product, and the Meta-Designer, that is, 
the  system or role that sets the goals for the Designer. De-
pending on circumstances, the roles of User, Designer, and 
Meta-Designer may be taken by the same individual.

c. components and processes
Working from the far right of the model, the sign is some 
physical or virtual (software or even imagined) artifact that 
the User acts on to achieve a goal. This first-order system 
is nested inside a system that serves as its regulator, that 
of the Designer, who creates conditions in which the first-
order system (User and artifact) can operate. The Designer 
learns from outcomes of the User loop system and may 
change conditions for the first-order system. Furthermore, 
these systems are nested inside an enclosing system en-
acted by the Meta-Designer, who creates conditions for the 
Designer loop, analogously to the Designer loop in relation 
to the User loop.

One way to characterize the two higher-order loops is that 
of making tools, and making tools for making tools. How-
ever, “tools” should be construed in broad terms to include 
any physical or virtual artifacts that aid the creation of prod-
ucts, or tools for creating products or services.

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

Meta-Designer

creates conditions in which

creates conditions in which

acts on

responds tolearns fromlearns form

Designer

User

sign

(physical or virtual artifact)

products

tools

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



a. goal of model
The diagram shows that two first-order systems may share 
an environment, and hence influence each other indirectly, 
but may not be coupled directly such that they constitute a 
second-order system.

b. description
Consider two systems, one that heats the air in a room and 
another that cools it.

c. components and processes
Each first-order system depicted as before. Each as influ-
ence on the same environment (the air temperature in the 
room) but neither as direct impact on the other. In practice 
the settings of each thermostat should prevent conten-
tion, that is, actuation of both heating and cooling at once. 
Single devices that control both heating and cooling func-
tions are usually designed to prevent such a setting from 
taking place.

origins

a. individuals
Side bar infomation text size

b. era/dates
Side bar infomation text size

c. references for model, context, 
author(s), concepts
Side bar infomation text size

d. examples
Side bar infomation text size

Two First-order Systems Communicating
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air temperature in the room
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Two First-order Systems Communicating
Independent Heating and Cooling Systems

The two systems illustrated below may affect each other,
but neither changes the other’s goals. 
Thus, they do not form a second order system.
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Model Title/Question Answered by the Diagram

January 2010 | Developed by Paul Pangaro and Dubberly Design Office

Introduction to Cybernetics
and the Design of Systems

Conversation



Model of Communication
after Shannon & Weaver

origins

a. individuals
Claude Shannon was the primary 
source for the model. His co-author, 
Warren Weaver, hoped for a broader 
scope for the model than Shannon. 
Weaver claimed extension of the model 
to explain the transfer of ‘meaning’, 
which was never achieved.

b. era/dates
Late 1940s. 

c. references for model, context, 
author(s), concepts
Shannon, Claude E., and Weaver,  
Warren: The Mathematical Basis of 
Information, University of Illinois,  
Urbana, Illinois, 1964.

Note that Ashby’s Introduction to Cy-
bernetics includes a mapping of requisite 
variety to Shannon’s channel model.

d. examples
Telephone transmission lines were  
the original context of the model’s 
development. 

a. goal of model
The model distinguishes sources of information from  
their encoding and transmission. The impact of noise in  
the communication channel is countered by a quantitative  
approach to calculating the required redundancy of the 
channel—additional data that must be inserted into  
the source’s message—in order to achieve a desired  
accuracy of transmission.

b. description
A hypothetical communication channel is presented and 
the effectiveness of the channel at transmitting the original 
information of the source can be computed.

c. components and processes
An information source composes a message in the form  
of a set sequence of characters from a given alphabet.  
The transmitter encodes the message into a signal that is 
sent through a communication channel. At the far end of 
the channel, the signal is received and decoded by the  
receiver and turned into a message, which is delivered  
to the destination.

d. important aspects of model/breakthrough/limitations
Not shown here, the model provides a mathematical  
basis for designing a channel to guarantee a desired level 
of accuracy (“goal”) against an anticipated level of noise 
(“disturbance”). Innovations of the model include the  
measures of “information” based on the number of bits of 
data required to distinguish distinct characters in the  
transmitted alphabet; this was an innovation at the time. 
The limitation of the model is that the alphabet must be 
pre-agreed by both the transmitter and receiver. 

Noise Source

Info Source ReceiverTransmitter Channel Destination

MessageMessage

Sent
Signal

Noise

Received
Signal

October 11, 2004   |   Developed by Paul Pangaro and Dubberly Design Office
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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.” 



origins

a. individuals

b. era/dates

c. references for model, context, 
author(s), concepts
Paul Pangaro, “Cybernetics and 
Conversation”, at http://pangaro.com/ 
published/cyb-and-con.html

d. examples
A: I’d like to have hamburgers at home 
for dinner.
B: [imagines that this will require 
defrosting]. Are there any left in the 
freezer?

a. goal of model
The model bridges Shannon’s Information Theory and 
Pask’s Conversation Theory. It moves from the pure  
syntactic operation of Shannon’s theory (“What character 
was sent?”) to the semantic domain (“What message  
was meant?”). 

b. description
The channel of communication is seen as parallel to a con-
text of shared experience that is required for the correct  
interpretation of the message. Senders and receivers 
become “participants” who must actively engage in the 
message in order to interpret it, rather than deterministic 
processes that merely distinguish among predetermined 
characters in an alphabet.

c. components and processes
Participant A uses a channel, for example a telephone,  
to speak a message. Message arrives to Participant B who 
uses shared experience to interpret the meaning,  
for example, the context of preparing dinner or achieving 
some other a shared goal. (Little need be spoken, much is 
understood.) Participant B may formulate and send a  
response back along the channel to A, who in turn  
interprets the message, formulates a meaning, compares 
that meaning to A’s original intention, and may formulate  
and transmit a response.

d. important aspects of model/breakthrough/limitations
The model should not be interpreted too literally as it  
involves certain compromises for the sake of making a 
bridge from the mathematical/syntactic Information Theory 
to the cybernetic/semantic Conversation Theory. For exam-
ple, “trigger” is a better label than “signal”.

Model of Human Communication

Noise

“Call”
Intended

Message 1

Received
Message 1

Receiver/Sender
Participant B

Sender/Receiver
Participant A

Signal 1

Channel

Signal 2

Received
Message 2

“Response”
Intended

Message 2 May
suggest

Comparison
may
confirm

May suggest a response

Shared Experience
e.g., Language

October 25, 2004   |   Developed by Paul Pangaro and Dubberly Design Office
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Model of Human Communication
after Pask and Pangaro



origins

a. individuals
Side bar infomation text size

b. era/dates
Side bar infomation text size

c. references for model, context, 
author(s), concepts
Side bar infomation text size

d. examples
Side bar infomation text size

a. goal of model
The model informally presents the necessary layers re-
quired to “come to agreement” about a particular subject.

b. description
The context of agreement is represented as a relationship 
among two participants and a subject.

c. components and processes
Participants, represented as “me” and “you” each have a 
model of a subject, represented here as an abstract cube. 
I hold a model of the subject “in my mind”. I also imagine 
that you hold a model of the subject “in your mind”. 

One aspect of agreement is my model of the correspon-
dence between my model and your model of the subject.  
If they correspond sufficiently, then I believe that we 
“agree” about the subject. The next aspect of agreement 
involves my knowing about your model of this first aspect, 
that is, whether you believe that we agree (how this is 
achieved is not shown). 

We may agree that we agree about a subject.  
However, we may be wrong.

d. important aspects of model/breakthrough/limitations
The model is symmetric, in that all the aspects internal to 
me must also hold internal to you for agreement to take 
place. 

There is an additional case not shown: where we agree that 
we do not agree. 

Model of Agreement
after Dubberly

my model of the subject

my model of your model
of the subject

my model of the correspondence
of your model of the subject
to my model of the subject
(Do we seem to agree?)

Do we seem to agree, that we agree?

your model of the subject

me 

subject

you
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Model of Agreement
Human communication relies on agreement.



System

GoalInput Output

Environment

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

Observer

Who defines the ‘system’?

a. goal of model
The model is intended to show the dependency of the sys-
tem on the observer.

b. description
The system arises as a consequence of the observer. The 
system—its boundaries and features—is delimited by the 
observer and does not exist as distinct from the environ-
ment except insofar as the observer chooses to delimit it.

c. components and processes
A first-order system (a placeholder for a system of any 
complexity) shown as before. Arrows indicate actions to-
ward and sensing from the system by the observer.

d. important aspects of model/breakthrough 
The model supports the constructivist epistemology of 
cybernetics, that is, the stance that systems do not exist 
except as boundaries created by observers. 

It is appropriate to say that observers have goals for the 
systems they create/observe. Specific systems have specific 
value to observers, whether for scientific, technological, or 
social reasons, but cybernetics considers them as artifacts 
of observation and not independent entities.

A more careful statement would be to say that observer 
and system co-arise as a consequence of interaction.

origins

a. individuals
Heinz von Foerster, Godon Pask

b. era/dates
Second-order cybernetics, implicit and 
discused from the 1940s, becomes 
“mainstream” in the 1960s though 
resisted within the community for 
another 25 years.

c. references for model, context, 
author(s), concepts

“The meaning of Cybernetics in the 
Behavioural Sciences”. In Progress of 
Cybernetics, Volume 1, Editor, J. Rose. 
Gordon and Breach, 1970, 15-45. Re-
printed in Cybernetica, No. 3, 1970, pp 
140-159 and in No. 4, 1970, pp 240-250. 
Reprinted in Artoga Communications, 
1971, pp 146-148.

d. examples
The observer observes the system of 
a thermostat, noting its control of a 
heater, based on sensing the air in the 
room, and striving toward the goal of 
maintaining a set temperature.
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Who defines the ‘system’?
The system is an observer phenomenon. 
Heinz von Foerster: ‘Objectivity is the delusion that observations could be made  
without an observer.’ 



observed systemobserving system

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

2nd-order cybernetics

1st-order cybernetics

System

GoalInput Output

Environment

Observer

a. goal of model
The model shows the related scope of first- and second-
order cybernetics and that the inclusion of the observer 
requires recognition of subjectivity in all observation.

b. description
1st-order cybernetics is concerned with observed systems 
(‘systems that are observed’). 2nd-order cybernetics adds 
the realization that it is an observer who specifies or creates 
the observed system, and that the observer is limited by 
biases of reference frame, perception, preference, values, 
beliefs. Therefore, systems are necessarily subjective in 
nature, that is, subject to the biases of the observer.

c. components and processes
First-order system shown as shaded area with loop through 
environment, as before. Observing system (‘system that is 
observing’) interacts with first-order system, as per previ-
ous model. 

Brackets above show the domains of 1st- and 2nd-order 
cybernetics.

2nd-Order Cybernetics and  
the Introduction of Subjectivity

origins

a. individuals
Ernst von Glasersfeld is a primary 
source of writings of cybernetics as a 
constructivist epistemology from the 
perspective of philosophy.

b. era/dates
Second-order cybernetics, 1960s+.

c. references for model, context, 
author(s), concepts

Ernst von Glasersfeld, “An Exposition 
of Constructivism: Why Some Like it 
Radical “, available at http://www.oikos.
org/constructivism.htm.

d. examples
Choosing what language to use 
delimits what we see, want, and do. 
“Problem framing”, from design meth-
ods, is the process of deciding what to 
observe.
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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



Observer

observed system observing system 

System 

Goal Input Output 

Environment 

Observer 

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

Observing the observing

a. goal of model
The diagram explicitly adds the further layer, that of the 
observer of the interaction between the observing and 
observed system (which was merely implicit in the previous 
diagram).

b. description
The upper observer has an interaction with the observing/
observed system interaction shown in the lower part. 

c. components and processes
Upper-observer interacts with the system of lower-observer-
interacting-with-system. 

origins

a. individuals
Heinz von Foerster was a foundational 
force behind establishing 2nd-order 
cybernetics as the main discipline.

b. era/dates
Second-order cybernetics, 1960s+.

c. references for model, context, 
author(s), concepts
von Foerster, Heinz: “On Constructing 
a Reality”.

d. examples
An observer observes the interaction 
between an observer and a thermostat, 
where the nested observer is seen to 
delimit the boundaries and features 
of the thermostat in terms of its input, 
output, and goal. In practice, the two 
observers may be different perspec-
tives in the same person.
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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.”



Observing conversations

origins

a. individuals
Gregory Bateson, Margaret Mead, 
Gordon Pask.

b. era/dates
Side bar infomation text size

c. references for model, context, 
author(s), concepts
Gordon Pask, The Cybernetics of 
Human Learning and Performance, 
London, Hutchinson, 1975.

d. examples
An observer observes the interaction 
between two participants in a conver-
sation and formulates the viewpoint 
that the conversation is an argument 
about politics.

a. goal of model
Continuing to build on prior models, this diagram shows 
that the observed interaction may be that of conversation.

observer

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

observing systemobserving system
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Observing conversations
The observer in the upper level may observe a pair of observing systems that are 
interacting in a conversation, shown in the lower level. Under certain circumstances, 
it is possible for this observer to judge whether the two observed systems  
are in agreement.



Conversations about conversations

a. goal of model
The diagram shows the relationships among two sets of 
participants in different conversations, where one conversa-
tion is about the other.

b. description
Many conversations are about other conversations

c. components and processes
Lower conversational exchange as above. 

Upper exchange between participants who monitor (a.k.a. 
sense) and converse about the lower conversation (upward-
facing arrow). These participants may choose to intervene 
(act) by interrupting the lower conversation (downward-
facing arrow).

d. important aspects of model/breakthrough
The organization of this model acknowledges that conver-
sations specifically, and interactions in general, take place 
on multiple levels—at least, according to an observer. 

While the model allows for each observer/role to be a 
separate person, it is equally valid (and perhaps equally 
common) for multiple roles to be instrumened by the same 
person.

origins

a. individuals
Side bar infomation text size

b. era/dates
Side bar infomation text size

c. references for model, context, 
author(s), concepts
Gordon Pask, Conversation Theory: 
Applications in Education and Epis-
temology. Amsterdam and New York, 
Elsevier Publishing Co., 1976.

d. examples
A pair of observers converse about 
a conversation they are witnessing, 
agreeing that the witnessed conversa-
tion is about a disagreement about 
who has the better plan of action.

observing systemobserving system

observing systemobserving system

August 8, 2005 | Developed by Paul Pangaro and Dubberly Design Office
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Conversations about conversations
Observers in the upper level may have a conversation about what they observe  
in a different conversation, shown here in the lower level. Participants in the upper 
level may be the same as those in the lower level. For example, one participant  
might say, ‘That conversation we just had was interesting, wasn’t it?’



origins

a. individuals
Side bar infomation text size

b. era/dates
Side bar infomation text size

c. references for model, context, 
author(s), concepts
Side bar infomation text size

d. examples
Side bar infomation text size

a. goal of model
The model casts the concept of ‘interaction’ in the  
framework goals and actions.  

b. description
Multiple layers of interaction are shown (horizontal flows) 
as well as multiple participants (vertical boundaries). The 
emerging relationship between Participant A’s goals  
to B’s goals begins to form. 

c. components and processes
A’s goals direct A’s actions. B interprets A’s actions and uses 
them to infer A’s goals. B compares B’s goals to inferred 
goals for A.

Actions may be physical movements or, as is most com-
mon in conversation, speech or writing or other modes of 
conveying language-based messages.

d. important aspects of model/breakthrough
The model shows how B does not have direct access to A’s 
goals, but only to A’s actions—actions which could be what 
A says about A’s goals. A may not be correct or honest— 
A’s actions may not reflect A’s goals. B’s interpretations may 
be also incorrect. 

‘Interaction’
after Pask and Pangaro

Participant A Participant B

August 6, 2005   |   Developed by Paul Pangaro and Dubberly Design Office

A’s goals

A’s actions

B’s goals

B’s interpretations
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‘Interaction’
Participant B attempts to determine if A shares B’s goals.

B compares B’s goals to A’s actions. 
(A’s actions may indicate A’s goals)



origins

a. individuals
Side bar infomation text size

b. era/dates
Side bar infomation text size

c. references for model, context, 
author(s), concepts
Side bar infomation text size

d. examples
Side bar infomation text size

‘Relationship’

a. goal of model
The model casts the concept of ‘relationship’ 
in the framework goals and actions.

b. description
The reciprocal relationship between Participant B’s goals 
and Participant A’s goals builds from interactions that flow 
in both directions. By adding recursion and therefore  
history to initial, one-way interactions of the previous 
model, reliability of each’s models of the other is increased, 
(Contrast with the addition of redundancy to increase reli-
ability, per Shannon model.)

c. components and processes
Similar to previous model, B’s goals direct B’s actions.  
A interprets B’s actions and uses them to infer B’s goals.  
A compares A’s goals to inferred goals for B.

d. important aspects of model/breakthrough
Similar to previous model, this model shows how A does 
not have direct access to B’s goals, but only to B’s actions.

However, consistency of interactions over time may be suf-
ficient for B to develop a sufficiently correct correct model 
of A. Should B’s goals be compatible with A’s, B may choose 
to cooperate or collaborate with A.

One aspect of the relationship may be the development of 
trust, that is, the judgment of the reliability of a belief about 
someone else.

Participant A Participant B

August 6, 2005   |   Developed by Paul Pangaro and Dubberly Design Office

A’s interpretations B’s actions

A’s goals B’s goals
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‘Relationship’
Participant A develops A’s model of B’s goals.



A. goal of model
The model casts the concept of ‘conversation’ in the frame-
work goals and actions.

b. description
The close-coupled connection between goals and actions is 
shown to be fundamental to conversation.

c. components and processes
As before, goals lead to actions that result in interpretation 
and response among participants. Actions take place in  
the physical world, while goals do not. Goals, the province 
of cybernetics, are the “immaterial aspects” of interaction  
[W. Ross Ashby]. The dotted lines indicate that recursions 
via conversations are as if we are interacting directly  
at the level of goals, while in practice we are not. The  
interaction loops are shown as closed because there is 
coherence or consistency in recursive conversations over 
time, moving from goals to actions and back to goals. 
The loops are shown as overlapping yet separate because 
the participants may strongly agree and yet can never  
be identical.

d. important aspects of model/breakthrough
The interaction model is shown to bridge both physical 
actions and the less-intangible, ‘immaterial’ interactions 
engaged in by participants that possess language. Because 
participants are able to build stable models of others’ goals 
as a consequence of their relationship, coöperation and col-
laboration are possible.

‘Conversation’

origins

a. individuals

b. era/dates

c. references for model, context, 
author(s), concepts
W. Ross Ashby, Design for a Brain, 
Chapman and Hall, 1960.

d. examples

Participant A Participant B

August 6, 2005   |   Developed by Paul Pangaro and Dubberly Design Office

 goals

actions

goals

immaterial 
aspects

physical 
world

actions
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‘Conversation’



Conversation: Basics

a. goal of model
The model brings together the graphical form of the feed-
back models with the developing architecture of conversa-
tions.

b. description
As before, multiple participants interact at multiple layers, 
with feedback loops operating to build stable relationships 
and converge to shared goals (see also later models where 
goals are conflicting). 

The horizontal layers are not controler/controlling relation-
ships [see below] but may involve physical or linguistic 
interactions.

origins

a. individuals

b. era/dates

c. references for model, context, 
author(s), concepts
Gordon Pask, “Artificial Intelligence 
- a Preface and a Theory”. Preface to 
chapter on Machine Intelligence, in Soft 
Architecture Machines, ed., N. Negro-
ponte. MIT Press, 1975.

d. examples

Goal 2A

Participant A Participant B

Goal 2B

Action 2AMeasurement 2A Action 2B Measurement 2B

Feedback Loop 2A Feedback Loop 2B

October 25, 2004   |   Developed by Paul Pangaro and Dubberly Design Office

Action 1A Action 1BMeasurement 1A Measurement 1B

Feedback Loop 1A Feedback Loop 1B

Goal 1A

Effect A

Goal 1B

Effect B

139138 Introduction to Cybernetics January 2010 | Developed by Paul Pangaro and Dubberly Design Office

Conversation: Basics 
 after Pask



Conversation: Formal Mechanism

a. goal of model
As before, the basic cybernetic model is mapped out into 
the formal mechanisms involved.

October 25, 2004   |   Developed by Paul Pangaro and Dubberly Design Office
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Conversation: Biological Example

origins

a. individuals

b. era/dates

c. references for model, context, 
author(s), concepts
Hugh Dubberly, Peter Esmonde, 
Michael Geoghegan, Paul Pangaro, 
“Notes on the Role of Leadership and 
Language in Regenerating Organiza-
tions”, produced for Sun Microsystems, 
2002. Available at http://pangaro.com/
littlegreybook.pdf  

d. examples

a. goal of model
The relationship between two biological systems, in terms 
of double-loops of goals and actions, is shown. The model 
applies the same double-loop, double-layer architecture to 
non-language interactions.

Cat Environment

Goal   2   Conserve self

Mouse

Avoid cat   1   Goal

Act

Observe

Conserve self   2   Goal

Goal   1    Catch mouse

Act

Observe

The mouse teaches the cat.

The cat’s nervous system
compels it to respond to every small thing that moves.

Trying to catch a mouse, 
a cat observes the mouse’s actions closely.
The cat actively learns 
from the mouse’s behaviors, 
continually changing its capture strategy 
in response.  
So: The mouse teaches the cat.

Of course, 
the mouse’s behavior also changes continually, 
in response to the cat’s shifting tactics.  
So: As the mouse teaches the cat, 
the cat also teaches the mouse.

The cat’s behavior may be thought of as a  
double feedback loop:

The first feedback loop defines the cat’s catching behaviors. 
The second feedback loop dominates the first;  
it conserves the cat itself. (For example: The cat may want  
to chase the mouse out a window, but its system  
of self-preservation will prohibit that behavior.) 

The mutual learning process is also  
a double feedback loop:

Processing input from the mouse, the cat continually adjusts 
its capturing behavior, adaptively increasing efficiency  
and reducing noise in the message (that is, limiting  
extraneous actions). Conversely, the mouse changes its  
output based on the cat’s input. As a result, the entire  
system evolves over time.
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origins

a. individuals
Side bar infomation text size

b. era/dates
Side bar infomation text size

c. references for model, context, 
author(s), concepts
Side bar infomation text size

d. examples
Side bar infomation text size

Try/sentence

Proposes budget
Has the power to propose and veto laws
Can call special sessions of Congress

Govern the behavior of

Elect

Executive Branch

The President
The Vice President

Proposes federal judges
Can pardon capital offenders

Approves budget
Can override presidential veto’s with 
a two-thirds vote of both houses
House can impeach and remove the president
as well as other federal officials
Senate approves treaties
Senate confirms executive appointments

Legislative Branch

The Congress
House of Representatives;

Senate.

Senate confirms judges
Can impeach judges
Controls the number of federal courts;
their location, and their jurisdiction

Can find executive actions 
unconstitutional
Interprets treaties

Judicial Branch

The Courts
The Supreme Court;

Courts of Appeal;
District Courts

Can find laws unconstitutional
Interprets laws

Citizens
Charge/prosecute

Laws

Interprets

Enforces

Enact

Elect

Executive office of the president;
executive and cabinet departments;
Independent government agencies

Appoint and manage

July 25, 2005 | Dubberly Design Office

Checks and balances in the  
U.S. Federal Government

a. goal of model
The three branches of the US Federal Government is mod-
eled as a series of interactions among the components.

b. description
This diagram is a departure from those above and below. 
Instead of showing the layered relationship in a conversa-
tional exchange, arrows indicate interactions among pro-
cesses.  
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Checks and balances in the U.S. Federal Government
Feedback systems help each branch of the government balance the others.



a. goal of model
The model explicates the interactions between “partici-
pants” in a conversation. Participants may be persons, 
schools of thought, or distinct viewpoints within a person. 
Their interactions can be classified by an observer as  
concerned with goals or methods.

b. description
Conversation may take place between participants,  
here labeled ‘A’ and ‘B’. The vertical line represents  
the distinction between the participants. The exchanges  
in language are shown as arrows that form a loop:  
A to B to A to B…

c. components and processes
Each quadrant contains a box with the symbol π; or “pi”  
that stands for “processes”, namely, mental activities that  
manifest as knowing, believing, and acting, including  
language exchanges.

Each loop—the arrow from A to B and the closing by arrow 
from B back to A—represents triggers carried by language. 
The “traffic” of these loops occur in language, interpreted 
by the listener, for whom entailments are triggered and 
meaning is (potentially) made.

d. important aspects of model/breakthrough
The model shows how observers may distinguish 
conversational participants as well as levels of language  
in their discourse. 

origins

a. individuals
Gordon Pask and his collaborators 
at System Research, Ltd., England, 
including Dionysius Kallikourdis and 
Bernard Scott.

b. era/dates
The comprehensive theory was devel-
oped by the early 1970s. Published  
in 1976 in Nicholas Negroponte’s Soft 
Architecture Machines.

c. references for model, context, 
author(s), concepts
Gordon Pask, “Aspects of Machine 
Intelligence”, published as introduc-
tion to chapter in Soft Architecture 
Machines, Nicholas Negroponte (Ed.), 
MIT Press, 1976.

Paul Pangaro, “Architecture of Con-
versation Theory”, at http://pangaro. 
com/L1L0/index.html.

Paul Pangaro, “A Model Of Entailment 
Meshes”, at http://pangaro.com/ entail-
ments/entailing-v2.htm

Architecture of Conversation 
Conversation Theory after Pask

Participant A Participant B

Goal Level

π
(Processes)

π
(Processes)

Example:
A: Can I have a hamburger? B: Sure, you want fries with that?
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Conversation Theory  
after Pask



Architecture of Conversation 
Distinguishing Goals and Methods

a. goal of model
Show the multiple levels that may be observed in a conver-
sation.

b. description
An observer may classify conversational exchanges  
between A and B as about goals or methods. 
Goals are desired outcomes. Methods are the ways 
participants may act to achieve goals. The horizontal line, 
drawn by the observer, distinguishes the levels.

c. components and processes
Each quadrant contains a box with the symbol π; or “pi”  
that stands for “processes”, namely, mental activities that  
manifest as knowing, believing, and acting, including  
language exchanges.

Participant A Participant B

Goal Level

Method Level

π
(Processes)

π
(Processes)

π
(Processes)

π
(Processes)

Example:
A: Can I have a hamburger? B: Sure, you want me to make you 

one here or get takeout?
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Architecture of Conversation 
Distinguishing Goals and Methods



a. goal of model
To model those exchanges within a participant that are 
“control”, or objective, interactions.

b. description
The upper level treats the lower level like an object, that is,  
like an “it”.  The lower level has no choice in the interaction; 
its goals are dictated. The vertical loops show that  
processes in the upper level control processes in the lower 
level. The loop is closed from lower to upper level via  
feedback of outcomes at the lower level. 

c. components and processes
The upper process (“goal”) selects and initiates (“controls”) 
a lower process as a means to achieve the goal (“method”). 
The performance of the method yields a result (“current 
state”) that may or may not achieve the goal. Result of  
performance of the method is returned to the goal level as 
feedback, where comparison of the current state  
to the desired state leads to the next response/action  
of the system.

d. important aspects of model/breakthrough
In this model the relationship between goals and methods 
is shown as a “control” relationship. Contrast this model 
with Conversation (Subjective), Interactions between “I” 
and “you” (next page).

Conversation (Objective)
Interactions with ‘it’

Participant A Participant B

Goal Level

Method Level

π
(Processes)

π
(Processes)

π
(Processes)

π
(Processes)

Example:
A: (upper) I’d like to have a  
hamburger for dinner.

A: (lower) [Performs the actions of 
taking the meat out of the fridge,  
putting it on the grill, turning the grill 
on, watching until it’s done, etc.]

A: (upper) I’ve cooked the  
hamburgers and achieved my goal. 

B: (upper) I’d like to eat chicken.  
I’ll go get takeout.

B: (lower) [Gets coat, leaves the 
apartment, walks to the takeout 
place, orders the food, waits until it’s 
done, pays for it, brings it home and 
then eats it.]

B: (upper) I’ve eaten the chicken and 
achieved my goal.
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Conversation (Objective)
Interactions with ‘it’ 



a. goal of model
The model distinguishes those exchanges between par-
ticipants that take place in language. The experience for 
participants is subjective, i.e., it is subject to the limitations 
of language, constrained by individual interpretations, and 
may include misunderstandings. 

b. description
The horizontal loops carry messages. The upper level may 
comprise exchanges about the whys or the goals of the 
participants: what they want to achieve and the degree  
to which they share the same goals. The lower level may  
represent exchanges about the hows or the methods to 
achieve the goals: what they might do to achieve goals and 
who might do it.

c. components and processes
The participants are the “I” and “you” of the title.  
By looping around horizontally, the participants can build 
on previous exchanges and create a history and relation-
ship. The relationship may include agreements to help each 
other define goals or define and carry out the methods to 
achieve the goals.

d. important aspects of model/breakthrough
This model shows that participants may choose to coop-
erate and to engage in conversation, or not. Contrast this 
model with Conversation (Objective), Interactions with “it” 
(previous page).

Conversation (Subjective)
Interactions that refer to ‘I’ and ‘you’

Participant A Participant B

Conversation about Goals

Conversation about Methods

π
(Processes)

π
(Processes)

π
(Processes)

π
(Processes)

Example:
A: (upper) I’m thinking we might want 
to have hamburgers for dinner.

A: (upper) Chicken is fine too. 

A: (lower) You could go to that  
takeout place and bring it back.

A: (lower) I’ve been twice recently.

A: (lower) Ok.

B: (upper) Well, ok. We had them last 
night. What about chicken instead?

B: (lower) We don’t have any  
chicken defrosted.

B: (lower) I went last time, so it’s  
your turn.

B: (lower) Yes, ok, I’ll go after I finish 
reading my email.
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Conversation (Subjective)
Interactions that refer to ‘I’ and ‘you’



a. goal of model
The model displays the levels of exchange required to bring about shared 
understanding among conversational participants.

b. description
Informally, a concept is a set of topics that ‘make sense together’. Partici-
pant A wishes to convey a concept to Participant B with some level of confi-
dence. This requires exchanges in language at 2 levels: Why and How.

[upper level] Why—the goal or purpose of the overall concept; this com-
prises a description of the role that each component or topic plays in the 
concept.

[lower level] How—the specific relationships among the topics; this com-
prises prescriptions (instructions) for how to combine the topics to fulfill the 
goal.

c. components and processes
Participant A comprises processes that embody the concept. These pro-
cesses can be split into two (or more) levels. Processes at each level must 
be consistent with each other across levels, so that Participant B can, in any 
order:

i. understand the intention of the Why exchange
ii. situate the How exchange in the context of the Why;
iii. compare the consequences of the How and determine  
that, in practice, the goal of the Why exchange is achieved  
by performing the instructions in the How.

d. important aspects of model/breakthrough
The model visualizes the consistency that is required for Participant B to 
‘put it all together’, to ‘make sense of’, and hence to ‘understand’ what A 
intends, based on what A says. Put another way, the exchanges do not carry 
meaning; rather, meaning is created by Participant B as a consequence of 
the guidance or triggers afforded by the conversation with A and as struc-
tured by the strict relationships among the components of the concept in 
the complementary aspects of  Why and How.

Conversation for Understanding
Explaining Concepts to others

Why

Description (L1)

The goal of the concept,
the role each topic plays.

The relationships among topics;
instructions on combining topics
to fulfill the goal.

Example: Stick the compass point into
the table; swing the other arm around 
the compass point so that it forms a circle.

Example: My goal is to show you 
how to use a compass to make a 
circle on a table.

Prescription (L0)

Participant A Participant B

How
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Conversation for Understanding
Explaining Concepts to others



a. goal of model
The model explicates classes of conversational  
relationships.

b. description
[left] Conversation about goals and methods: Participants 
converse about goals and about methods to achieve them 
[see models above]. 

[middle] Cooperation to achieve goals: Participants ask each 
other to help achieve goals by performing necessary tasks 
[criss-cross]. 

[right] Collaboration for common goals: Participants agree 
to collaborate on the formulation goals and agree on meth-
ods to achieve them.

c. components and processes
Horizontal and vertical interactions are as before. Diagonal 
interactions [middle diagram] are manifest in language but 
involve a “control” component in the sense that the receiv-
er of the request to take action is not told the reason why 
the request is being made (the “goal”) and does not partici-
pate in its formulation. The receiver may infer it, or choose 
to act anyway, or choose not to act.

d. important aspects of model/breakthrough
The figures constitute a taxonomy of interactive modes, 
from conversation, to cooperation, to collaboration.

Collaboration on Goals and Actions

Conversation about goals and methods

Participant A Participant B

Cooperation to achieve goals

Participant A Participant B

Collaboration for common goals

Participant A Participant B

Participants agree to collaborate on the 
formulation of goals and agree on methods to 
achieve them. In this sense, they merge to 
become a single system of goals and actions. 
In exchange for losing their individuality, they 
lower their individual biocost.

Example—A/B: Let’s decide what to make. 
Then we can go together to the store to buy 
whatever ingredients we need. 

Participants ask each other to help achieve 
goals by performing necessary tasks 
(criss-cross). A’s goals and B’s goals may be 
different, but each agrees to help with 
the other’s goal.

Example—A: (Upper left to lower right) Would 
you mind going to the store for me on your 
way home? I need some organic cabbage.
B: Sure. Think you can pick up my cleaning 
from downstairs?

Participants converse about goals and about 
methods to achieve them (horizontal loops). 
Internally, each participant checks for 
consistency in the conversation (vertical 
loops).

Example—A: (Upper horizontal) It’s important 
that I avoid certain food allergies and minimize 
cholesterol. (Lower horizontal) So I buy the 
ingredients and prepare nearly all my meals 
myself.
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Collaboration on Goals and Actions



F: iterative 
execution 

C: injunction  
to execute 

D: return of  
results 

of execution 

Closure occurs when comparator confirms 
execution of controlled processes is coherent 

with controlling processes
(as when a goal is achieved 

by executing a successful method)

E: comparator 

B: Controlled Process 
(alias method) 

A: Controlling Process 
(alias goal) 

A: “Controlling Process (alias goal)” 
is, for example, management policy 
defined at this level (“increase revenue 
by 4%”) but carried out at another 
(see below). The distinction of levels 
is made in the course of the modeling 
process. The precise levels are chosen 
to display the flows of control and 
feedback that are of interest.

B: “Controlled Process (alias method)” 
is, for example, the increase of revenue 
via hiring more salespersons, as dic-
tated by the level above.

C: “Injunction to execute” is the actual 
line of control that causes the lower 
level to respond, for example, the 
memorandum indicating start of a proj-
ect or a budget authorization.

D: “Return of results of execution” 
is the actual feedback of information 
to the higher level, as for example a 
report indicating results of specific 
manufacturing procedures, or an inter-
nal survey. 

E: “Comparator” 
is the specific mechanism whereby the 
feedback information is used by com-
paring the actual result to the desired 
result, or original goal.

F: “Iterative execution” 
of the entire loop takes into account 
the result from the comparator above, 
that causes changes in various pro-
cesses, flows of control and feedback, 
etc., to make the entire loop more 
effective.

If all of the above aspects are present, 
the system of interactions is deemed 
“intelligent.” 

It must be emphasized that the two 
levels shown are only two of (possi-
bly) many vertical levels; modeling by 
the observer leads to distinguishing 
multiple vertical layers in the conver-
sation. Hence a box that appears at a 
“lower level” in one interaction may 
itself be at the “higher level” relative to 
a further box that appears below it.

a. goal of model
First of two diagrams that summarize Pask’s  
architecture of conversation.

b. description
The figure enumerates the necessary interactions for  
a system to be ‘intelligent’, that is, to use feedback between 
upper and lower levels (vertical loop) to achieve its second-
order goals. Existing or planned systems can be evaluated 
for their completeness, that is, to ensure they embody  
all the necessary components, A through F.

c. components and processes
See figure.

d. important aspects of model/breakthrough
The concept of ‘intelligent system’ is given a specific defini-
tion. Existing or planned systems can be evaluated for their 
completeness, that is, to ensure they embody all the neces-
sary components, A through F.

Conversations (Objective Interactions)
Required Elements for an Intelligent System
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Conversations (Objective Interactions) 
Required Elements for an Intelligent System



F: iterative
execution

C: injunction 
to execute

G: Communication

 about goal

J: Communication

 about method

D: return of 
results

of execution

E: comparator

B: Controlled Process
(alias method)

A: Controlling Process
(alias goal)

L: Check of
consistency

K: Reproduction
of others concept

of method

H: Reproduction
of other’s concept

of goal

I: Inference of 
higher goal

G: “Communication about goal” 
is, for example, the communication to 
a customer that the company’s value 
proposition expressed via its advertis-
ing is to provide products with the best 
cost/benefit ratio, or durability, for a 
given application; or, to an employee, 
that the company considers the em-
ployee to be an essential asset for its 
future. 

H: The actual result of the communica-
tion is different than what came from 
the “sender.” (“Sender” and “receiver” 
are held in quotations to retain a dif-
ferent meaning from that of informa-
tion theory.) The “receiver” attempts 
“Reproduction of other’s concept of 
goal” but this may not be accurately 
achieved. 

I: “Inference of higher goal” 
is the production of a higher goal 
for which the previous interaction is 
consistent and affirming. This is as if 
the “sender” had actually exchanged 
something (shown as the upper, 
dashed arrow) but in fact nothing has 
actually been “transferred” at this 
level, up to this point. Quite often, the 
context or the common experience of 
the two conversants provides enough 
for a higher-level goal to be correctly 
inferred. However, sometimes the 
“sender” creates a false context to 
encourage an incorrect inference, as 
for example when advertisers imply a 
food product is healthy simply because 
it uses the word “natural”, or when a 
participant simply states “I have your 
interests at heart” while not having 
demonstrated this to be the case.
 

J: “Communication about method” 
is, for example, the communication to 
a customer about the details of a prod-
uct’s capabilities (which should affirm 
its stated goals, G); or, an exchange 
with an employee about the details of 
working conditions and health benefits 
from the corporation, which should 
show the method by which that em-
ployee is to be considered an asset to 
the corporation, relative to the goal as 
communicated in G. 

K: “Reproduction of other’s concept 
of method”, as in H above, is subject to 
interpretation and later modification.

L: “Check of consistency” 
is a reproduction in the “receiver” of 
the entire vertical loop of the “send-
er”. This may show the consistency 
across the upper and lower levels, 
and thereby affirm understanding of 
the “sender’s message.” Of course, 
this can only be (at best) very close 
and (at worst) only a small fraction of 
the intended message. Alternatively, 
the consistency check can expose the 
inconsistency between communicated 
goal and method. For example, the 
loss of retirement pensions or erosion 
of healthcare coverage would contra-
dict the assertion that the employee is 
a valued asset to the corporation. The 
“receiver” can either make queries 
back to the “sender” about intended 
meanings in order to clarify under-
standing (not shown in the diagram); 
or maintain a model of the perceived 
inconsistency in the “sender.” 

a. goal of model
Second of two diagrams that summarize Pask’s  
architecture of conversation.

b. description
The figure enumerates the necessary interactions for a  
system to achieve a reasonable degree of certainty that  
it is understood by another system. In practice, this requires  
interactions at a minimum of two levels in language  
exchanges (horizontal loops).

c. components and processes
See figure.

d. important aspects of model/breakthrough
It is important to note that references to “goal” or “method” 
are relative to any pair of vertical boxes; changing level by 
moving up or down the hierarchy changes the  
attribution of “goal” or “method” for a given box. These at-
tributions are always relative to a specific neighbor.
 
Not shown for simplicity in the figure are potential 
responses, from right to left, to any given communication. 
In the general case, the entire relationship is completely sym-
metrical.

The figure completes the Conversation Theory model that 
encompasses subjective (horizontal) and objective (vertical) 
interactions in conversational systems that have second-order 
goals and use cooperation and/or collaboration to achieve 
their goals.

Conversations (Subjective Interactions)
Required Elements for 
Language-oriented Interactions
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Conversation (Subjective Interactions) 
Summary of Elements



Perform Organized
Chemical Industrial

Research

Expand the concept of
Experimental Station

Invest in and operate plants

Invent nylon, neoprene
and teflon

Explore the world of
macromolecular chemistry

Return to growth through
diversifying in chemical arena

1910’s to 1930’s

Investigate new chemical
knowledge areas

Acquire diversified portfolio
of chemical “products”:

move into coatings, pigments,
rayon, industrial chemicals

Customer conversation:
Du Pont makes available

chemical products
to meet your needs

Establish Departments
centered on technologies

and acquisitions

Make available to the US market

Improve product and process

a. goal of model
The model explicates the goal hierarchy that was implicit  
in the management philosophy and organizational structure 
of the Du Pont company between 1910 and 1940.

b. description
After World War I, when Du Pont had again made huge 
profits by supplying explosive materiel to a major armed 
conflict, the decision was made to focus on the mission of 
achieving growth through diversification (top-most process 
box). All subsequent processes (sub-goals represented  
by lower-level boxes) were consistent and effective means 
to carry out that mission. Not shown are the forces that 
moved the organization toward the new mission: anti-trust 
pressure plus innovations that were made possible by  
recent innovations in macromolecular chemistry.

c. components and processes
Each level in the figure controls (‘dictates’) the processes at 
levels below it. The result of performing the processes at a 
given level are returned as feedback to upper levels to steer 
the processes to achieve their goals.

The organization is fundamentally divided between  
research (left side) and production (right side).

d. important aspects of model/breakthrough
A rare example of post-hoc examination of organizational 
evolution, this model offers an explanation as to why  
Du Pont was successful in this period: because of the con-
sistency of the structure and processes of the organization 
in relation to its mission.

origins

a. individuals
Developed by Paul Pangaro for Dr. Mi-
chael C. Geoghegan, Research Fellow, 
Du Pont.

b. era/dates
The models were developed in the late 
1980s as part of a enquiry funded by 
Geoghegan to explain the degradation 
of employee experience from his early 
employment, in the 1960s, to the time 
of this modeling exercise.

Du Pont Goal Structure
Snapshot 1910 to 1940
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Du Pont Goal Structure
Snapshot 1910 to 1940
Laid the foundation for a new business— 
‘invention’ phase.



MTM Venture
Committees

Keep price, production, promotion
and place under Du Pont control

Customer Conversation:
Du Pont provides solutions to your needs

Investment in 
plant sites

(general solution)

Teach the World

something below here!

nylon group
dacron group
......
......

any feedback?

Knock-off Natural Products
by understanding natural organic

structure and mimicing in
synthetic terms

Establish Departments
centered on technologies

Better Things for Better Living
through Chemistry

1955

Generate and Sell Products
to Improve Productivity

Improve 
Process Technology
for major reduction

in costs

a. goal of model
The model explicates the goal hierarchy that had evolved  
in the management philosophy and organizational structure 
of the Du Pont company between 1940 and 1975. 

b. description
Success in research explorations in macromolecular  
chemistry led to the ability to mimic natural products— 
cotton, rubber—in the form of synthetic “knock-offs”—  
nylon, neoprene (central box). The organization shifted in 
response, developing the mission of “Better Things  
for Better Living through Chemistry”, which was both the 
company’s advertising slogan and a literal mission  
consistently carried out by the organization. Not shown 
are post-WWII demand growth of consumerism, creating 
huge demand for Du Pont’s output, which in turn caused 
increased focus on controlling manufacturing, and the rise 
of paternal attitudes toward its industrial customers to  
the effect that “Du Pont provides solutions to your needs.”

c. components and processes
Model components of control and feedback as before.

Research, though still a significant expenditure,  
is de-emphasized in this phase. Note the beginning of the 
unraveling of goal/method consistency as the organization 
fails to monitor feedback from customer conversations  
in relation to its paternal stance (bottom process).

d. important aspects of model/breakthrough
The reassignment of focus and resources from the previous 
phase is relatively smooth. However, in the new structure 
are sown the seeds of later failure.

Du Pont Goal Structure
Snapshot 1940 to 1975
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Du Pont Goal Structure
Snapshot 1940 to 1975
Built on the foundation— 
‘discovery’ phase.



MTM Venture
Committees

Keep price, production, promotion
and place under Du Pont control

Customer Conversation:
we know you have greater knowledge

and choices

Squeeze all areas
to lower costs Teach the World

Invoked by whom?

no feedback

no longer controlling still involved with customer?

not controlled by organization

not very eloquently stated

Improve Internal Productivity

Establish Departments
centered on technologies

4% Real Growth in Earnings

1980’s

Generate and Sell Products
to Improve Productivity

a. goal of model
The model explicates a major shift in mission for Du Pont, as a 
direct consequence of previous phases. 

b. description
With fewer new products coming from research, the company 
was forced to focus on earnings as its primary mission in order 
to maintain viability. This causes another change in structure and 
priorities, reflected in the progression from mission (top box) to 
the methods for achieving that mission (subsequent levels below 
top). 

Not shown is a major shift in the philosophy of management 
promotions: formerly, successful chemists became executives, 
whereas in this era MBAs and other businessmen [sic] rose to 
power. Research innovation diminished because of the relative 
maturity of macro molecular chemistry; that is, little new could 
come from chaining molecules together because all the possibili-
ties had been explored.

c. components and processes
Model components of control and feedback as before. The earlier 
dual structure of research & production evolved to a relatively 
monolithic focus on earnings. Note the continued unraveling of 
customer relationships as sales processes were immune to hear-
ing of changes in customer needs, and the organization overall 
would miss new competitive threats and opportunities to collabo-
rate with its customers.

d. important aspects of model/breakthrough
The company is disconnected from the market and loses any 
ability to understand or respond to continued market pressures. 
The number of employees shrinks to one-half that of the 1960s, 
further evidence of loss of preeminence.

Du Pont Goal Structure
Snapshot of 1980’s
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Du Pont Goal Structure
Snapshot of 1980’s
Milked the existing structure— 
‘efficiency’ phase.



Bio-cost



a. goal of model
Main Text Area

b. description
Main Text Area

c. components and processes
Main Text Area

origins

a. individuals
Side bar infomation text size

b. era/dates
Side bar infomation text size

c. references for model, context, 
author(s), concepts
Side bar infomation text size

d. examples
Side bar infomation text size

Page Headline

Goal

Means

− Cost

Gain +

Bio-cost
 
Bio-cost describes the effort
(in energy, attention, time, stress)
expended by an organism to reach a goal.

Value = Bio-gain - Bio-cost
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Autopoiesis



a. goal of model
Main Text Area

b. description
Main Text Area

c. components and processes
Main Text Area

origins

a. individuals
Side bar infomation text size

b. era/dates
Side bar infomation text size

c. references for model, context, 
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Side bar infomation text size

d. examples
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Dynamic
Transformations
(Metabolism)

Semi-Permiable
Boundary
(Membrane)

maintain themselves and a

creates an environment which supports

Autopoiesis
Maturana writes,

“ ...living beings are characterized in that, literally,
they are continually self-producing.”

They contain a set of dynamic transformations
that maintain themselves and their boundary.
The two arise together, not in sequence.
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Evolution 
(in Terms of Requisite Variety)
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Organism
An organism requires variety to counter distur-
bances from its environment. With sufficient 
variety an organism will survive long enough to 
reproduce.

Its offspring will be similar, but may exhibit 
changes in variety—mutations. This new variety 
may be more (or less) effective countering distur-
bances from the environment. Organisms that are 
more effective will survive longer and multiply 
faster.

Environment
At the same time, the environment may also 
evolve, changing the variety of disturbances it 
poses. Both processes affect each other. Changes 
in variety in the orgamism may affect evolution of 
its environment, and likewise changes in variety in 
environmental disturbances will affect evolution of 
the organism.

Evolution (in Terms of Requisite Variety)
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