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Preface: the master puppeteer

The ringmaster of a travelling circus told a promising young
puppeteer of a mysterious string puppet that would present a chal-
lenge to anyone who tried to command it. The puppeteer was
intrigued.

‘Though it could be mastered, it would take all the skill and
determination of even the most maven puppeteer.” Then, in answer
to the young puppeteer’s question, the ringmaster replied, ‘The
reason why it is so difficult to work the puppet is that inside
the puppet is a mechanism which follows its own rules and logic.’

This was enough to inspire the puppeteer. At last he had found
his ambition. He would seek out and learn all there is to know of
the puppet and how to rule it. But, before leaving, as a warning
to the young apprentice, the ringmaster’s final words on the matter
of the string puppet were these:

Be very careful. You can’t always be sure if the puppet acts the way
you want it to because you've pulled the right strings or because of
what is inside it. Sometimes you’d be forgiven for thinking that it
acts as if it has a mind of its own.
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Preface

When eventually the young puppeteer found the mysterious
string puppet, what he saw was a large glass box supported by an
elaborately carved wooden frame. The puppeteer paced around
inspecting the box. On one of the sides of the box, there was a panel
with many levers of different shapes and sizes, and beside that was
a chair. The puppet inside the box looked fairly ordinary suspended
in space, its limbs heavy, holding the posture that all string puppets
have before they’re brought to life. Though the puppeteer was told
that this was a string puppet, having peered hard into the glass, he
just couldn’t find the strings. The strings must be either very fine
or transparent to me, the puppeteer thought to himself.

The young puppeteer sat at the chair. He tried out various levers
in a haphazard way at first, but not much seemed to happen. It was
hard to tell which lever moved the head, and which the limbs. There
were more moving parts to the puppet than there were levers. This
brought moments of doubt into the puppeteer, making him wonder
if he could ever hope to find the right means to master the puppet.
However, when there was a purposeful order to operating the
levers, the puppeteer could make the puppet’s arm jolt, and even
bring about the tapping of a foot.

Once in a while the words of the ringmaster surfaced in the mind
of the puppeteer. As the ringmaster had warned, the puppet moved
on its own, sometimes quite dramatically, but other times it would
just be an almost imperceptible twitch. The puppeteer tried to
ignore this, hoping that it would be enough to keep pulling and
pushing at the same familiar levers. Though this did seem to work,
it was only an illusory sense of command. The puppeteer knew that
his rehearsed actions couldn’t alleviate the scepticism that the pup-
pet’s behaviour brought about. ‘I wonder whether the mechanism
in the puppet truly is erratic, or is it simply that I haven't yet learnt
all there is to know about it?’

Perseverance and will helped to keep the puppeteer’s resolve to
struggle through the doubting times. The belief that he was the one
who could ultimately rule the puppet and not the other way around
gave him hope. The puppeteer became wise to the fact that the
mechanism that made the puppet move of its own accord wouldn't
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always keep in time with the music that was played. On some occa-
sions it seemed like the mechanism would go faster, and on other
occasions it would seem to go much slower. There were even times
when the limbs would move and dance in sequence, but not when
anticipated.

It did take a long time, but the young puppeteer became skilled
in conducting the mysterious string puppet. The ringmaster had
followed the progress of the puppeteer, and found an opportunity
to watch a performance. The tales were true: the puppet danced
elegantly before the audience. The ringmaster hoped to know
what valuable lessons the puppeteer had gained in their time of
apprenticeship.

‘All 1 know is this,” said the puppeteer. “To make the puppet
dance the way I wanted, I had to know how supple the limbs and
head were. The suppler it seemed to be, the more elegantly I could
make it dance. I had to know when the mechanism in the puppet
was running fast or slow, and when it failed to behave as I'd
expected from what I did. This helped me to decide the times when
it simply seemed that it was indeed behaving of its own accord,
from times that it was behaving as I wanted. For all this, I needed
to keep in mind two very important details: that I was the one who
could choose what levers to operate, and I was the one who could
choose when to operate them. This is how I gathered what the
puppet might do from one moment to the next, and this was what
helped me to understand what more I needed to know to make it
dance to different tunes.’

It was coming to know these things that helped to make the
apprentice into the master puppeteer.
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Chapter 1

Introduction

There are two key characters in the story of control, namely, the
master puppeteer and the puppet. Assume now that the master
puppeteer is us, and our goal is to control the behaviour of the
puppet. The puppet can represent any system that requires our
control. For instance, the puppet could represent a system that is
biological, like keeping our physical fitness levels up so that we can
run a marathon. It could be economic, like a stock market in which
we are maximizing our profit by buying and selling shares. It could
be organizational, like marshalling a troop of soldiers to protect a
safety zone. It could even be ecological, for instance trying to sustain
an endangered ecosystem like a coral reef. More typically, when we
think of control systems, what comes to mind is something indus-
trial like operating a nuclear power plant, or mechanical like driving
a car, or safety critical like flying a plane.

Clearly, then, there are many examples of control systems, some
of which we are likely to experience on a regular basis in our daily
lives. Control systems, therefore, are a rather broad subject and, as

Controlling Uncertainty: Decision Making and Learning in Complex Worlds, Magda Osman.
© 2010 John Wiley & Sons Ltd.
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will be made clear in this book, can encompass almost everything.
So how are we able to do it; how are we able to exert control over
these various types of systems? For those who have thought of this
question, this book will be a guide to some answers.

Puppets, Puppets Everywhere ...

The reason that control systems can be seen everywhere is that
almost anything can be thought of as a system, and most things
we do in our lives are driven by our need to control. But, while
the systems may be incredibly pervasive, they do adhere to
some basic characteristics. Control systems are complicated. This
is because they have a number of elements that will vary all at once
and from one point in time to another — like puppets. Puppets
can have multiple components; their moving parts (e.g., arms,
legs, feet, hands fingers and head) are more often than not intercon-
nected (e.g., fingers to hand, hand to arm etc.), and can vary all at
once (e.g., performing a jump) as well as singularly in one point
in time (e.g., raising a hand to wave). Thus, given these capacious
characteristics of control systems, they are quite literally everywhere.

... It Takes All the Running You Can Do, to Keep
in the Same Place'

In these systems we are often required to manage the events that
occur in a way that leads to something predictable, and desirable.
This can be incredibly difficult to achieve and takes many years of
training (e.g., becoming a pilot of a passenger jet), because the
system varies of its own accord, as well as because acting upon it
makes it change in some way. Or, more often than not, it is a
combination of us acting on it and it doing something itself that
produces changes in events. To bring the analogy of the puppet to

Lewis Carroll, Through the looking glass (1871).
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bear more obviously with control systems, in the story the puppet
had its own internal mechanism that also made it move. Imagine
how hard it is to control a malleable puppet and make it dance
in time to a tune without an internal mechanism that can make
it move on its own. Now imagine how much harder it is when
it can move on its own and not always. predictably. As hard as it
seems, we are capable of achieving this. So we return to the question
again: how are we able to exert control over such a complicated
situation?

Vladimir: ‘Say Something!” Estragon: ‘I'm Trying.
... In the Meantime Nothing Happens’. Pozzo:
‘You Find It Tedious?’ Estragon: ‘Somewhat’.”

To answer the question ‘How?’, we need to find a better way of
asking it. First of all, finding some way of describing how these
different types of systems work is of great importance, particularly
if they can, on a basic level, be thought of in a similar way. Second,
to complement this, our ability to control what happens in these
systems should reduce to some basic psychological learning and
decision-making mechanisms. They should do this because we
need psychological mechanisms in place that enable us to predict
the behaviour of the system and coordinate our own behaviours to
effect a specific change in it. Therefore, finding some way of describ-
ing our psychological processes, along with describing the control
system itself, is crucial to having an understanding of control (i.e.,
the scientific pursuit) and being able to improve our ability to
manipulate our environment (i.e., the applied pursuit).

Given the extensiveness of both objectives, typically at the start
of books like this there is a tendency to spell out at the beginning
what things will not be included and what can’t be achieved. I am
going to avoid this. The aim of this book is to be as inclusive
as possible. If you've flicked through it already, you will have

Samuel Beckett, Waiting for Godot (1954/2009).
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noticed that there are chapters spanning subject areas that include
philosophy, engineering, cybernetics, human factors, social psy-
chology, cognitive psychology and neuroscience. In order to get to
the answer of ‘'How?’, we need to consider the various contributions
that each of these subjects has made. The issue of control invites
attention from many disciplines that don’t always speak to each
other. Putting them side by side in chapters in a book is also a way
of showing how they in fact do relate. Moreover, they also provide
the groundwork for my answer to the question of "How?" which is
presented at the end of this book.

There are two important ideas that will help to carry you along
this book: (1) all the themes introduced in this book are reducible
to five basic concepts: control, prediction, cause—effect associations,
uncertainty and agency; and (2) all of the issues that these basic
concepts raise are ultimately, and will in this book be, directed
towards addressing one question, which for the purposes of this
book is THE question: how do we learn about, and control online, an
uncertain environment that may be changing as a consequence of our
actions, or autonomously, or both?

To understand the issue of control psychologically, and to under-
stand the control system itself in all its various guises, we have to
become familiar with these five core concepts and how they are
tackled through the eyes of each of the aforementioned subjects.
However, I am not alone; this endeavour has been embarked on by
many,” and throughout the different chapters of the book it will
become apparent that there are various ways of understanding the
psychological and objective characteristics of control systems.
Therefore, I will take the opportunity here to qualify why this book
is not a reinvention of the wheel, by stating what it hopes to do
differently.

* Cybernetics is the best-known example of an interdisciplinary movement
designed to examine all issues related to control and self-regulation (see Chapter
4). More recently, machine-learning theorists have also attempted to draw work
from engineering, biology, psychology and neuroscience to develop formal descrip-
tions of behaviours associated with learning and controlling outcomes (e.g., Sutton
& Barto, 1998).
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The Aim of This Book

Role 1: catalogue

At its most humble, this book serves the purpose of being an inven-
tory of sorts of what we currently know in a range of disciplines
(e.g., engineering, artificial intelligence [AI], human factors, psy-
chology and neuroscience) about control systems and control
behaviour. Though not ever seriously taken up, an appeal of this
kind was made in the late 1940s by Wiener, the self-proclaimed
father of cybernetics — a discipline designed to study all matters
related to self-organizing systems. Wiener (1948) hoped to bring
together many disciplines to understand common problems con-
cerning control. However, Wiener (1948) proposed that ‘the very
speed of operations of modern digital machines stands in the way
of our ability to perceive and think through the indicators of danger’
(p. 178). The effort in understanding all matters related to control
came with a warning that technological advances may be such that
artificial autonomous agents would be controlling our lives. That
is, in the future the puppet would eventually rule the puppeteer,
and not the other way around. Though the worry that control
systems will reach a level of self-organization that may challenge
our mastery of the world is perhaps unwarranted, surveying the
most recent advances in theory and practice should give us a better
understanding of what control systems can do, and our place with
respect to them.

As suggested, an overhaul of this kind has yet to be undertaken,
and so this book is an opportunity to do just that. For instance, due
to the increasing complexity of the systems under our control (e.g.,
systems that identify tumours in X-ray images, voice recognition,
predicting stock market trends, creating game play in computer
games and profiling offenders), there are in turn ever increasing
demands placed on them to achieve optimal performance reliably.
Even something as prosaic as the car now includes an increased
level of automation. This is generically classified under the title of
driver assist systems (DAS). DAS now include electric power-assisted
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steering (EPAS), semi-automatic parking (SAP), adaptive cruise
control (ACC), lane departure warning (LDW) and vehicle stabil-
ity control (VSC). All of these things now influence the ride and
handling of vehicles we drive. So we might ask ourselves, if we
have handed over so much autonomy to the car, what control do
we have?

More to the point, disciplines such as control systems engineer-
ing present us with ever growing challenges because the control
systems (e.g., car) that are part of our everyday interactions con-
tinue to increase in their capabilities and complexity. If complexity
is increasing, then surely we need to know how we cope with it
now, especially when things go wrong. Increasing complexity in
our everyday lives doesn’t just come from controlling devices
such as cars. There has been a charted increase in the complexity
of the decision making involved in economic, management and
organizational domains (Willmott & Nelson, 2003). We can spot
this complexity because some of it filters down to our consumer
choices. For instance, take shopping. We have to adapt to the
growing complexity that we face in terms of the information we
have to process (e.g., more available product information), the
choices we are presented with (e.g., more products to choose from)
and the changing goals that we are influenced by (i.e., desires,
aspirations and expectations). At the heart of adapting to the
increasing level of complexity in our lives is our ability to still exert
control. So, given the new challenges and demands that are placed
on us in our lives right now, this book may be considered a sort of
stock take of relevant and current research in the study of all things
control related.

Role 2: solving the problem of complexity

A broader aim of the book is to help clarify what we mean when
we say an environment is .complex, and what it is about control
systems that invites researchers from different disciplines to refer
to them as complex. The complexity issue is important for the
reason that there needs to be a cohesive idea about what makes



