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Preface

Finish what you began, and we shall be born
(Brunella Antomarini, The Maiden Machine)

Human beings are the greatest challenge for science. They are the most complicated
of all entities that make up reality. They are embarrassing entities because they seem
to be made of both physical matter and something else which is not physical matter.
They are difficult to study with the necessary detachment which is required by sci-
ence because scientists also are human beings. This explains why science knows and
understands nature much better than human beings. One might think that one must
only wait and, someday, science will understand human beings as it understands all
other phenomena of reality. But this may not be true unless the science of human be-
ings changes radically.

The goal of this book is to outline a new science of human beings: a robotic science
of human beings. The premise on which this science is based is that we will really un-
derstand and explain human beings and their societies only if we succeed in construct-
ing robots that behave like human beings and live in societies which are like human
societies. If we succeed in constructing these robots, the theory — or, rather, the blue-
print — which has been used to construct the robots captures what underlies human
behaviour and human societies and explains them.

But the robots of a robotic science of human beings must be human, not human-
oid, robots. Today’s humanoid robots have the external appearance of human beings
and do some simple things that human beings do such as grasping an object with their
hand or walking on two legs. Human robots must progressively reproduce all that we
know about human beings: their body, their brain, their genes, their environment, their
evolutionary origins, how they develop during their life, how they acquire new behav-
iours through learning and imitation, their motivations and emotions, their mental
life, their families, their cultures, their economic and political institutions, and how
they and their societies have changed and continue to change in the course of time.

These phenomena are traditionally studied by separate scientific disciplines — biol-
ogy, neuroscience, psychology, anthropology, sociology, economics, political science,
history — and this is a problem because scientific disciplines divide reality into separate
pieces but reality is not divided into separate pieces. Reality is a large ensemble of dif-
ferent phenomena which are all connected together and, very often, the phenomena
studied by one discipline can only be understood and explained by taking into con-
sideration the phenomena studied by another discipline. A robotic science of human
beings is a non-disciplinary science of human beings. One and the same robot and one
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and the same collection of robots must reproduce all the different human phenomena
which today are studied by separate scientific disciplines.

Today’s robots are mostly technologies with practical applications and almost all
research money goes to robots as practical applications. Our robots do not have prac-
tical applications but they are purely scientific tools. The only reason why we want to
construct them is that, by constructing them, we can better understand human beings
and human societies. They are mirrors through which human beings will be able to
see themselves. This means that this book is addressed more to students of human
behaviour and human societies than to roboticists — although roboticists may find
suggestions on how to construct new robots with practical applications.

But our robots do have one practical application, and this may be the most im-
portant application of robots: they can help human beings to better understand the
difficult problems they face today and will face in the future and, perhaps, to find
solutions to these problems.

This is an ambitious program of research and this is why human robots are future
robots. The robots described in the book reproduce in a very simplified way some
very limited aspects of human behaviour and human societies. And writing the book
has made very clear to its author how many phenomena concerning human beings
and human societies still remain to be reproduced by constructing robots. But it is
possible to make the first steps towards the realization of the program, and this book
describes these first steps.
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CHAPTER 1

Robots as theories of behaviour

Martian Eye (ME) is a scientist from Mars which one day arrives on the Earth
and, of all the things which exist on the Earth, it decides to study human beings.
There are no particular reasons why ME chooses to study human beings rather
than some other species of animals except that human beings are particularly
complex animals and, therefore, they represent a greater challenge for ME. But,
to tell the truth, there is one reason why ME chooses to study human beings.
Human beings have many desires and many fears concerning themselves and
these desires and fears obscure the knowledge that they have of themselves.
They think they are what they would like to be and they are not what they don't
like to be. And they are inevitably anthropocentric. They see themselves as the
centre of the world. But they are not the centre of the world and their anthropo-
centrism distorts the vision that they have of themselves. Scientists are human
beings and, for them too, it is difficult to see human beings as only one of the
many things that make up reality and to study human beings with the neces-
sary detachment which is required by science. ME is not a human being and it
believes that this is very important to understand human beings in the way in
which science understands every other phenomenon of reality.

ME knows that objective and quantitative data are the basis of science but
data is not enough. Science must answer the question “What?” but it must also
answer the question “Why?”, and to answer the question “Why?” science needs
theories which explain the data. Human scientists express their theories by
using words or mathematical symbols. ME is a Martian scientist and it has its
own way of doing science. To express its theories, ME constructs artefacts that
incorporate its theories and behave like what the theories must explain. ME’s
science is based on the principle “Whatever X is, to understand X you must
reproduce X in an artefact”. Only if its artefacts do what human beings do, ME
is satisfied that it has understood and explained human beings.

When it arrives on the Earth, ME finds that human scientists already
construct physical artefacts that resemble human beings and other animals, and
they call these artefacts “robots” But human scientists mostly construct robots
because robots have practical application and economic value. ME’s robots are
purely scientific tools that must make it possible to better understand what
human beings are. Human scientists call their robots which resemble human
beings “humanoid” To distinguish its robots from “humanoid” robots, ME calls
its robots “human”.
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Constructing human robots that behave like human beings and live in soci-
eties which are like human societies is a very difficult task and ME is well aware
that its robots often resemble much simpler animals and that really human
robots are future robots. But ME’s program of research is clear.

Another thing which makes ME’s science different from how science is
done on the Earth is that for ME the divisions among the different scientific
disciplines do not exist. Reality is a large ensemble of different phenomena but
these phenomena are all linked together and, very often, to understand the
phenomenon studied by one discipline it is necessary to take into consideration
the phenomena studied by other disciplines. ME’s science is a non-disciplinary
science of human beings. The robots constructed by ME must reproduce all
aspects of human behaviour, from its physical and biological bases to all the
individual and social phenomena which, on the Earth, are studied by psycholo-
gists, anthropologists, sociologists, economists, and political scientists.

ME also believes that to understand human beings it is necessary to know
how they have become what they are: how they have evolved from nonhuman
ancestors, how they mature and develop during their life, what they learn from
their experiences, how human cultures, economies, and political institutions
were born and how they have changed and continue to change. This implies that
ME cannot design or program its robots but they must autonomously become
what they are.

ME is well aware that, like all theories, its robots simplify with respect to
real human beings and real human societies but it also knows that, to be useful,
scientific theories must necessarily simplify with respect to reality. The problem
is that they must make the appropriate simplifications, and ME believes it is
more probable that its robots make the appropriate simplifications if one and
the same robot and one and the same robotic society reproduce not one single
phenomenon but as many phenomena as possible about human beings and
human societies.

ME'’s research “philosophy” can be summarized in three principles:

- If you want to understand human beings, construct robots that behave like
human beings.

- If you want to understand human beings, construct robots that not only re-
produce human beings but also reproduce how human beings have become
what they are.

- If you want to understand human beings, construct robots that reproduce
as many different phenomena as possible concerning human beings.

ME is not an imaginary scientist like the Martian scientists of science fiction
and thought experiments. ME is a real scientist and it constructs real robots —
although, for now, most of its robots are simulated in a computer. And, being a
real scientist, ME wants to discuss and collaborate with human scientists.



Chapter 1. Robots as theories of behaviour

1. 'The problem with scientific theories of human beings

Imagine you are interested in how human beings behave and how their societies func-
tion and that you want to understand human behaviour and human societies as sci-
ence knows and understands all other phenomena of reality. What must you do? You
must collect objective and possibly quantitative data on the phenomena that interest
you because, for science, reality is, first of all, empirical data. But empirical data is not
enough. You must also formulate theories that explain the data. Traditionally, scien-
tific theories of human behaviour and human societies are formulated in words but
words have serious limitations as tools for expressing scientific theories. Words have
unclear meanings, they have different meanings for different people, and they are often
value-based and emotionally charged — and these properties of words are not good for
science. A crucial requirement of scientific theories is that from a scientific theory it
must be possible to derive specific and unambiguous predictions to be compared with
the empirical data. Verbally expressed theories are generally unable to generate specific
and unambiguous empirical predictions.

Scientists can agree on these limitations of words as scientific tools and they can
try to overcome them by defining the words used in their theories or by specifying in
which sense they use them. Or they may create new words and define them by using
existing words. But this, clearly, is a circular strategy. Words are defined or re-defined
by using other words, and these other words also have unclear meanings, mean dif-
ferent things to different people, and are value-based and emotionally charged. So,
expressing scientific theories by using words remains a problem for science because
verbally formulated theories leave us with what the English poet Thomas Stearns Eliot
called “the intolerable wrestle with words and their meanings”

There is another property of words which is a problem for science. Given a word,
there is a tendency to think that there exists an entity which corresponds to the word.
This may be all good for the everyday use of language but it is not good for science.
Given a word of the common language, it is not automatic that the explanatory ap-
paratus of science should include the entity designated by the word. For example, the
words “belief” and “goal” may be perfectly appropriate for everyday life. But a good
scientific theory of human behaviour and human societies may not need these words
and may better explain the phenomena to which in everyday life we refer by using
these words by not using these words.

Expressing scientific theories by using words explains why the paradigmatic sci-
ence of human behaviour, psychology, is only a half-science. The human mind has
been studied by philosophers for thousands of years, and philosophers have stud-
ied the mind in their characteristic way: by doing conceptual analyses, by reasoning
and presenting arguments, and by discussing with colleagues. More than one cen-
tury ago, psychology was born, and psychology was a revolution in the study of the
mind. Psychologists investigate the mind by observing behaviours in the controlled
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conditions of an experimental laboratory and in other objective and quantitative ways.
Therefore, they can claim they have created a science of the mind which uses the same
methods of the natural sciences and is not confined, like philosophy, to conceptual
analyses, argumentation, and discussion with colleagues. But science does not need
only objective and quantitative data. It also needs theories that explain the data. The
problem with psychology is that while its empirical methods are those of science, its
theoretical vocabulary is still a philosophical vocabulary. If you read psychological
books and papers, you find the same vocabulary of ancient or recent philosophical
treatises, or the vocabulary that people use in their everyday life to talk about their
behaviour and the behaviour of others. Here is a sample of this vocabulary: sensation,
perception, attention, memory, thinking, reasoning, predicting, planning, motivation,
emotion, all the different motivations and emotions, representation, concept, category,
meaning, object, property, action, intention, goal, awareness, consciousness. These
words cannot be the vocabulary of a science because they have unclear meanings, they
have different meanings for different scientists and, even when one scientist provides
a precise definition of one particular word, the definition is not generally adopted by
his or her colleagues. Therefore, using words to express psychological theories causes
endless and often useless discussions and it is a serious obstacle to the progress of
psychology. Science is based on a virtuous circle between theories and data: theories
must predict data, and data must confirm theories. Psychologists find it difficult to
establish this virtuous circle. Theories are formulated and discussed but it is difficult
to arrive to a consensus on which theory is the right one. Data are collected, often
in the controlled conditions of an experimental laboratory, but they are rarely really
illuminated and explained by a theory. This is why psychology is only a scientific half-
revolution. Psychologists adopt the empirical methods of science but they continue
to talk about human behaviour and the human mind by using the vocabulary of phi-
losophy or everyday life.

Psychology is the paradigmatic science of human behaviour but many other dis-
ciplines study human beings: anthropology, sociology, economics, political science,
history. These disciplines are called the social sciences and with the social sciences
the problems are even more serious. Not only these sciences have verbally formulated
theories but, since they generally cannot study the phenomena that interest them in
the controlled conditions of the experimental laboratory, their empirical data are often
unclear — or nonexistent. Therefore, for the social sciences, the necessary dialogue
between theories and facts which is the foundation of science cannot be established
because neither of the two interlocutors actually exists. (The science of economics is
the only exception to this rule but the science of economics has its own problems. See
later in this section.)

Another weakness of the social sciences is that they often resemble philosophy
more than science. Much of the work of social scientists is an exegesis of what other
social scientists have written and social scientists give the impression that they do not



