TRgICAL
ERROR

& THE IDEA OF PROGRESS

MADSI

N PIRILE

Bl
-



Trial & Error
& the Idea

of Progress






Madsen Pirie

Trial & Error

& the Idea
of Progress

Adam Smith Institute
[London



Dr Madsen Pirie

Dr Madsen Pirie graduated from Edinburgh, St Andrews and Cambridge
Universities. He is President of the free market think tank, the Adam Smith
Institute. Before that he was Professor of Philosophy at Hillsdale in Michigan.

In the Institute, Dr Pirie was part of the team that pioneered policy innovations
such as privatization and the reform of state institutions. He was joint winner of
the “National Free Enterprise Award” of 2010, and was appointed Senior Visiting

Fellow in Land Economy at Cambridge.

He has published books on political economy and philosophy, and several of chil-

dren’s science fiction; and his hobbies include rocketry and calligraphy.

Copyright © Madsen Pirie 1978 and 2015

All rights reserved for all countries. No part of this book may be reproduced by any
means without the written permission of the author or of the publisher, Adam Smith
Institute, London.

Printed in England

ISBN 978-1-911000-00-6



To Norman and Dorothy Gash






Contents

Preface

Chapter 1: The Idea of Progress

Chapter 2: Aims & Methods in Science
Chapter 3: A New Demarcation

Chapter 4: The Acquisition & Improvement of Skills
Chapter 5: History & the Study of Mankind
Chapter 6: Objectives in Society

Chapter 7: Progress in Economic Life
Chapter 8: Testing & Social Progress
Chapter 9: Optimum Conditions

Conclusion

Bibliography

x1

15
49
67
85
105
123
159
193
211
215






Preface

This book is the product of work done towards my doctor-
ate at the University of St Andrews. My greatest debt is
to my supervisor, Bernard Mayo, then professor of Moral
Philosophy at St Andrews. 1 owe much to my first teacher of
Philosophy, H.B. Acton.

Eamonn Butler, John Hutchinson, Helgi Juliusson and
Basil Purdue helped me considerably when | was first devel-
oping these ideas. For the new edition I am greatly indebted
to Sam Bowman and Jeremy Bowman, and to Anton Howes
for his encouragement.






I
The Idea of Progress

This book is about progress and the methods used to
achieve it. It explores the meaning of progress, its constit-
uent elements, and the conditions which favour it. It differs
from previous works under similar titles' by confining itself
to analysis rather than evaluation. Instead of appealing to
collective standards in order to categorize changes as either
good or bad, I have tried to weave a thread through a variety
of human activities, concentrating on the methods by which
people come closer to the achievement of their aims. In
doing so, I have reasserted the importance of man’s motives
and intentions in his relationship with his circumstances. In
unifying the idea of progress through a variety of different
disciplines and activities, I have attempted to show how men
and women embark upon creative procedures which converge
on the satisfaction of their objectives.

J. H. Plumb talks (in “The Historian’s Dilemma,” 1964)
of “one certain judgement of value that can be made about
history, and that is the idea of progress. If this great human
truth were once more to be frankly accepted,” he tells us,
“the reason for it, and the consequences of it, consistently
and imaginatively explored and taught, history would not
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only be an infinitely richer education but also play a much
more effective part in the culture of western society.”
Unfortunately, he neither tells us what it is, how we can rec-
ognize it, nor how we can be sure that it is what it seems
to be. We are given to understand, though, that it is some-
thing good. Arnold Beichman?® describes the derivatives of
the word progress as “halo words,” whose only function is to
transform the words next to them by imparting a warm glow
of approval. Thus while violence might be bad, progressive
violence can be taken as good.

It is an instructive starting point in analysis to consider
what the word progress actually means. Dictionaries define
it in terms of “forward or onward movement,” “advance,”
“improvement,” “satisfactory development,” and so on. It
strikes the attention immediately that these are all words or
phrases which imply a standard of measurement. Movement
in a forward or onward direction requires that we know
which direction is forward. Advance is meaningless unless
one is advancing toward something. Improvement, meaning
“better than before,” must necessarily involve the question
“better in what respects?” The notion of satisfactory devel-
opment carries the implication that there is something to be
satisfied. All of them, we might say, are aim related. All of
them implicitly convey the notion of an aim which is required
to be achieved. Movement or development can be regarded
as progress if it is in the direction of the achievement of that
aim. The notion of progress only becomes intelligible in
terms of the aim or aims whose fulfilment is required. There
is no such thing as progress in the abstract—only progress
toward whatever aim or aims are under consideration.

When Plumb (and others) talk of progress in history, our
first step in understanding the term is to inspect the implicit
aims which must necessarily be involved. Only after the
aims have been identified will we be in any position to see
whether there has been any movement in the direction of
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their fulfilment. The person who talks of “human progress”
must always be using the term to mean advancement toward
particular and identifiable aims. If we do not know what they
are, there can be no way of either assenting to, or denying,
the validity of his claim.

If everyone shared the same aims, and accorded them the
same relative priorities, we could all agree quite happily on
what would be constituted by progress, even though we might
disagree on whether in fact any particular development had
led closer to the achievement of those ends. Unfortunately
for simplicity, there is no such agreement. Not only do we
disagree on the facts of individual developments, we also
disagree over the aims which we are measuring. Two people
might agree that a particular state actually brought about an
increased ability to fulfil an aim, but they might not agree on
the desirability of the aim; they might not share it. If people
hold contradictory aims, then one man’s progress will be
another man’s retrogression; for the same development will
take one man nearer his aim, while taking his rival further
from an aim which lies in the opposite direction.

Use of the term progress thus implies movement in the
direction of an aim which is shared and approved by the user
of the term. When people talk generally of progress, they are
speaking of movement toward aims which they too partake
of. A speaker who invites the agreement of his audience to
the assertion that there has been progress is inviting them
to assent to two things: firstly, that there has indeed been
movement toward an objective and, secondly, that this objec-
tive is regarded by the audience as desirable. They could
withhold their agreement on either of the two counts. In the
quotation above, Plumb is asking us to “frankly accept” the
“great human truth” of progress in history. He is thus asking
us to assent, firstly, to his aims and, secondly, to his contention
that history has brought us nearer the achievement of them.

The sad fact for those who would have us gird up our
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loins for a great crusade of progress is that this agreement
over human aims is nowhere to be found. Not only do people
find themselves possessed of differing motivations, they illus-
trate this fact by passing contradictory judgments on various
human developments. By no means will everyone concur
with the suggestion that the Industrial Revolution brought
progress. They might, it is true, concede that it brought
some people nearer the fulfilment of their aims, but they will
dispute the progress by disputing the validity of the aims.
To those who nominate increased material prosperity as a
high-order aim, the Industrial Revolution is seen as definite
progress. To those who value, instead, such things as the
“measured rhythm of rural life” or man’s contentment with
his lot, that same Industrial Revolution is seen as representing
a retrograde step. In any consideration of progress, therefore,
we must not fail to take account of the aim-related nature of
judgments which concern it.

Despite this subjectivity, though, there are some fields
in which there is universal agreement that progress has
been made. The natural sciences, for example, seem to
have enjoyed a striking and unparalleled success since the
time of Newton. During a period in which it has seemed to
many observers that in fields such as morality, philosophy,
and politics man has covered and re-covered the old ground
many times over, the natural sciences have appeared to
march forward in constant and linear progress, with confident
strides. Whereas in other subjects people are still debating
and disputing the essentials of their disciplines, in science,
at least, it seems that there is near-universal acceptance of
what constitutes the fundamentals of the activity. Thus it is
that science has appeared to move on from one problem to
the next, making every step look like a forward one. Nor
would many dispute that there has been progress in athletic
attainment. There is little doubt that many men today can run
farther and faster, jump higher, swim more rapidly, and throw
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the discus, javelin, and shot for greater distances than their
predecessors. Since these things started to be measured accu-
rately, the graph of scientific and athletic performance can be
drawn as an upward curve.

The first question to be considered, then, is why there
should be admitted progress in some fields but not in others.
Why is it that we can all agree to describe the attainments
in science and athletic activity as “progress”? Thomas Kuhn
poses the question in his Structure of Scientific Revolutions:
“Why should the enterprise sketched above [science] move
steadily ahead in ways that, say, art, political theory, or phi-
losophy does not? Why is progress a perquisite reserved
almost exclusively for the activities we call science?””* Kuhn
partly answers his question. He asks us to “notice imme-
diately that part of the question is entirely semantic,” and
advances the thesis that “to a very great extent the term
‘science’ is reserved for fields that do progress in obvious
ways.” If Kuhn is right, then the problem of progress
becomes the problem of science. To say that we call whatever
makes progress by the name of “science” is to say nothing
about progress.

The contention in this book is that Kuhn’s answer is inad-
equate; that there is something special about scientific activity
which enables us to agree upon what constitutes progress
within it. The search for the fundamentals of progress starts
with a close examination of what it is that constitutes scien-
tific activity, and the task is to isolate the constituent elements
of progress in science.

The “trial and error” in my title is a tribute to Sir Karl
Popper, whose method of “conjecture and refutation”® has
solved the problem of induction.” Although the view of
science which I advance is a considerable modification of
Popper’s system in many key fundamentals, the Popper
method is taken as the starting point for criticism and altera-
tion in both method and conception. Retained throughout my
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account, however, is the basic “trial and error” element which
Popper formulated. Despite the fact that my conclusions
lead me to propose that we are not proposing what Popper
thinks we are proposing, nor testing for what he thinks we
are testing for, nor even attempting to achieve by the activity
what Popper thinks we should be achieving, there remains (at
the end of the analysis) the notion of the elimination of var-
iously proposed alternatives, rather than the computation of
necessary steps.

The central problem is seen as the minimization of the use
of nonconclusive arguments, and establishing the importance
of testing. The proposition “All A is B” necessarily implies
“This A is B,” meaning that it would be impossible for the
first to be true, but not the second. The argument is conclu-
sive. But the proposition “This A is B” does not, of course,
imply that “All A is B.” It may be taken as slight evidence
toward it, in the absence of knowledge about any A that is
not B, and the more As which are found to be also Bs, then
the more do we regard them as evidence supporting the prop-
osition “All A is B.” Nonetheless, the argument is inconclu-
sive, and, however many As we find that are Bs, it is quite
possible that there are undiscovered As which are not Bs. It
is the inductive style of argument which proceeds in this way
from the particular to the general.

Popper has provided us with an alternative whereby the
generalization is proposed by an imaginative leap, and then
tested by its deducible consequences. In this book it is argued
that these imaginative leaps must be seen as relating to some
purpose, and that while their proposals can never finally
be established in any way, they can be retained so long as
they serve that purpose better than their rivals, and rejected
whenever a rival proposal is found to serve that purpose even
better. The function of testing is seen as determining which
of various competing proposals best serves the particular
purpose in question.



Trial and Error

Trial and Error and the Idea of Progress represents an
attempt to abstract from a consideration of scientific activity
a formula whose application enables progress to be made,
and an attempt to apply this formula to other fields of human
endeavour in order to investigate the possibility of mean-
ingful discussion of progress within them. Finally, it is an
attempt to postulate those conditions which are within the
control of society and which can be manipulated in such
a way as to create a climate favourable to the making of
progress.

On the question of evaluation of preferences, no attempt
is made herein to suggest that some human aims are more
worthy than others, or why they should be considered so.
Where the term progress is used, it is used in a way which
does not carry the value judgments necessary for the
everyday use of the term. Progress, in this work, is taken
to refer to the closer achievement of ends, whatever those
ends might be. It is taken as an avowedly aim-related term,
and is used only with reference to an end. Progress is used
to mean “progress toward something,” and the value of that
something is not relevant to the analysis and discussion with
which I am concerned. It could be explained by saying that
progress is considered here only as devoid of content: this
discussion is only with the achievement of aims (or with the
closer approach to such achievement). A discussion of which
ends ought to be achieved represents a completely different
approach, and the use of arguments of a totally different order
from those encountered herein. I deal here with the structure
of progress, not its content.

One of the major conclusions of this work is that the prin-
ciples of progress (abstracted from scientific activity) form
a unifying theme which underlies the attempt to achieve
human aims in any activity. The concepts which in science
emerge as “models” and “model testing”® are broadened to
the concepts of “attempts” and “attempt testing,” and are
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susceptible of application in any field in which we engage
in activity directed toward bringing us nearer our objectives.
The formula which shows what is necessary before progress
can be made is posited not as a recommendation but as a
description of how progress is actually made.

The analysis of progress in scientific activity’ is followed
by a consideration of untestable imaginative leaps.'’I propose
that the most valid demarcation between propositions consists
in their separation into those which can assist us in progress-
ing toward objectives and those which cannot. If testing and
consequent choice are vital ingredients of progress, then my
claim is that no choice can be made between untestable prop-
ositions and, consequently, no progress can be made with
them toward an objective.

An inspection of the study of history and the social
sciences is undertaken'! to establish whether the peculiar lim-
itations imposed by the subject matter of these disciplines
in any way limit the application of the method of progress
abstracted from science. The field of human skills and their
acquisition'? is examined to see whether the application of
“knowledge how,” rather than “knowledge that,”'* involves
any necessary restriction on the validity of the elements
of progress in them and their related activities. Only after
analysis of the different types of activities humans engage in,
and of the types of motivations to which they are subject, is
there consideration of progress in social and political fields.'*

It is not quite a tautology to say that if progress means the
closer approach to our aims, we must desire progress if we
desire our aims. What saves us from tautology is the fact that
we have a hierarchy of aims, with lower objectives serving
higher ones. Cases can arise in which we find ourselves “sat-
isfied” by what appears to be only the partial fulfilment of
an objective. These are cases in which we have achieved
the higher end, which we thought the lower objective was
serving, not realizing that complete achievement of the lower
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objective would not serve the higher end. It is not tautologi-
cal to say that the desire to achieve our ends can always be
assumed, because there are some ends which we hold without
realizing that they do not serve the higher ends which we
think they do. There are undoubtedly, too, some aims which
we hold unconsciously, being unaware, with the thinking part
of our minds, of what our desires really are. The progress we
make toward our higher and our unconscious ends is also dis-
cussed" before there is any consideration of the progress of
man in his societies.

The judgment that certain types of social organization
are more conducive than others to efficient progress toward
our objectives derives from an investigation into progress
which man has actually made, and analysis of how it is made.
Despite the absence of recommendations, there are clear
overtones to the book which might provide lessons for man
and society. From analysis and interpretation emerge con-
ditional proposals which suggest that if we wish to achieve
certain states, then we can take specified steps to bring about
those states. To those who might wish to achieve these afore-
mentioned states, the argument might propose a program of
positive action (or at least provide the outlines of one).

The idea of progress on any general scale is, apart from
sporadic instances, relatively modern. Individual progress
is, of course, a very old idea indeed. Even in primitive soci-
eties there existed the notion of bettering one’s lot in life, of
improving one’s skills, and of moving toward the achievement
of limited objectives. But only rarely, before the Renaissance,
was there the general view that the world might be becoming
a better place for everyone. Some Romans viewed the exten-
sion of their domain as progress toward the civilizing of
mankind; some Christians viewed the march of the Christian
religion as progress toward peace and justice on earth. For
only a few hundred years has there been the widespread view
that man, with reasonable management, could hope to look
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to a future of ever-increasing satisfaction of his desires, and
ever-increasing conquests of the sources of unhappiness.

If Kuhn is wrong to suggest that the term science is
reserved for fields in which obvious progress is made, he
is right to draw, as others have drawn, a close connection
between science and progress. It is only with the rise of
science in modern Europe that the idea of continuous progress
in human history has come into its own. It is not so much
the direct progress of science which has shown progress to
be possible but, rather, the technology arising from scientific
progress which has given force to man’s desires. Technology
is not an end, but a means which can be applied to a variety
of ends. The rise of science in Europe has brought an atten-
dant technology capable of fulfilling objectives in many
spheres. That technology has been used to increase material
prosperity, to bring a wide range of consumer goods within
reach of the average citizen; it has been used to make travel
safer and faster, to extend communication; it has been used to
reduce drudgery and disease, and to bring opportunities and
the leisure to indulge them to the common man. Everywhere
technology has been seen as the strength in man’s elbow, as
the force which turns desire into reality.

Technology has brought frightening dimensions to war
and accidents as well. It is morally neutral, merely a force
to be harnessed to whatever motives man applies. Whatever
man has wanted to do, both good and evil, technology has
enabled him to do it more effectively. Moreover, technology
has been thought of as limitless: whatever force is needed to
solve whatever problem, technology has been seen as capable
of applying infinite support. One definition of a sophisticated
modern economy'® involves the notion that resources can be
directed toward achievement of almost any desire—even a
flight to the moon.

The growth of scientifically based technology can be seen
as the chief spur to the modern idea of progress. If progress
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means that one is able to approach nearer the achievement of
objectives, and technology is the method used to bring this
about, then the connection is self-evident.

But we cannot assume that it is only material desires
which technology has enabled us to fulfil more adequately.
The technological progress which started in Western Europe
has been harnessed to nonmaterial desires. By perform-
ing necessary work, it increases leisure time; by promoting
economic growth, it enables more resources to be commit-
ted to such things as education. The optimism which has pre-
vailed over such a large part of the time since the rise of sci-
entific technology has been substantially due to the view that
man would be able to apply that technology toward ever-in-
creasing satisfaction of his desires.!” For the greater portion
of that time it was an optimism which has been justified.

The modern view, which certainly prevailed until well
into the present century,'® and which is still probably the most
widespread view, is that each generation of man will inhabit
a world in which the general conditions of life will be better
than they were for the previous generation. This is the central
fact about the idea of progress which has ruled for several
hundred years. Progress has been seen as inevitable; and
while temporary setbacks may have shaken this view, none
has dispelled it.

The theme of this work is that progress is not something
necessary and inevitable, like the “self-sustaining economic
growth” of W. W. Rostow’s model." It is, rather, the result of
deliberate application by man, the fruits of a determination
backed by a valid technique. The clear implications are that
there are conditions appropriate to efficient and successful
progress, and that there are conditions under which progress
will be slow and difficult. It is perhaps appropriate that, after
the idea of progress has enjoyed so long a run, an analysis
should be undertaken of its component elements and of the
circumstances under which it proceeds smoothly.
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In view of the close connection between the modern
idea of progress and the rise of science and scientifically
based technology, it is perhaps inevitable that an inquiry into
progress should begin with an examination of the methods of
science.

Notes to Chapter 1

'For example, J. B. Bury, The Idea of Progress (1920); Charles
Van Doren, The Idea of Progress (1967); Sidney Pollard, The Idea
of Progress (1968).

2J. H. Plumb, “The Historian’s Dilemma” (1964).

3Arnold Beichman, Nine Lies about America (1972).

“Thomas S. Kuhn, The Structure of Scientific Revolutions, ch.
XIII.

*Ibid.

®Popper’s shorthand description of the method of scientific
inquiry. The phrase occurs in his book Conjectures and Refutations
(1963), ch. 1: “Science: Conjectures and Refutations.” Popper sub-
sequently prefers the phrase “trial and error-climination” in his
Objective Knowledge (1972).

"The description of the problem and its solution first appeared
in Popper’s Logik der Forschung (1934), a modified version of
which was published as The Logic of Scientific Discovery (1959).

8Ch. 2, below.

°Ibid.

10Ch. 3, below.

1Ch. 5, below.

12Ch. 4, below.

BA distinction drawn by Gilbert Ryle in The Concept of Mind
(1949), ch. I1.

4Chs. 7 and 8, below.

5Ch. 6, below.

19This is the kernel of W. W. Rostow’s definition in The Stages
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of Economic Growth (1960).

"The significance of Aldous Huxley’s Brave New World (1932)
lies in its being the first novel to project an unpleasant techno-
logical future state. The first novel to present technology allied
to unpleasant consequences was probably Mary Wollstonecraft’s
Frankenstein.

80nly during the past decade has the idea emerged that pollu-
tion and environmental damage might outweigh the gains of tech-
nological advance and economic growth.

YIn The Stages of Economic Growth W. W. Rostow advances
the idea that a stage is reached in the growth of a modern economy
at which the return achieved is sufficient to maintain and increase
the rate of expansion. When capital growth occurs at such a rate
that the “lead sector industry” can no longer absorb it, it floods over
into other industries, promoting an expansionist surge in them, too.
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2
Aims & Methods

n Science

The Popper account of scientific method' is not without its
weaknesses, the central one being the very notion of “fal-
sification.” Popper includes among his aims that of saving
reality. “I propose to accept realism,” he tells us, “as the only
sensible hypothesis—as a conjecture to which no sensible
alternative has ever been offered.”” He spells it out in a later
passage: “Our main concern in philosophy and in science
should be the search for truth,” and goes on to say: “I accept
the commonsense theory (defended and refined by Alfred
Tarski) that truth is correspondence with the facts (or with
reality); or, more precisely, that a theory is true if and only if
it corresponds to the facts.”

It is because Popper thinks that “in science we search for
truth™ that his terms are those which describe an objective
reality. The search, he says, is for verisimilitude, or greatest
truth content with lowest falsity content, and our competitive
search for verisimilitude turns, “especially from the empir-
ical point of view, into a competitive comparison of falsity
contents.” He points out that

we can never make absolutely certain that our theory
is not lost. All we can do is to search for the falsity
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content of our best theory. We do so by trying to refute
our theory; that is, by trying to test it severely in the
light of all our objective knowledge and all our inge-
nuity. It is, of course, always possible that the theory
may be false even if it passes all these tests; this is
allowed for by our search for verisimilitude. But if it
passes all these tests then we may have good reason
to conjecture that our theory, which as we know has
a greater truth content than its predecessor, may have
no greater falsity content. And if we fail to refute the
new theory, especially in fields in which its predeces-
sor has been refuted, then we can claim this as one of
the objective reasons for the conjecture that the new
theory is a better approximation to truth than the old
theory.

It is worth quoting Popper at some length on this point
to establish quite clearly that he regards scientific theories as
conjectures concerning the state of reality. They are, he tells
us, either true or false. Either the facts are like that or they are
not. And while we have no way of knowing which theories
are true, we can hope to show which are false. Popper says
that whereas we have no criterion of truth, we do have a
partial criterion of falsity.” No experiment, or series of exper-
iments, will ever show us that a theory is true, but if we could
find a single counterexample, then we would be entitled to
say that the theory was false.

The weakness in the falsification approach is contained
within the “if” of the clause “if we could find a counter-ex-
ample.” For us to be able to declare a theory false, we would
need to be certain that we had indeed found a counterexam-
ple. It is all very well to talk in terms of testing “severely in
the light of all our objective knowledge,” but whence comes
this objective knowledge? As Lakatos has shown, we cannot
have it both ways.® If no knowledge is ever certain, there can
be no certain objective knowledge against which a new theory
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may be tested. Whenever we make any scientific test, we do
so by assuming some of our background knowledge to be
un-problematic. It may be an assumption of the trivial form
“that our senses are not deceiving us” or it may be of a more
complicated nature, such as “the laws of electromagnetic
radiation continue to hold for a previously unexplored area
of physics.” Neither assumption can be conclusively justified.

Since all of our experiments depend upon the results
of other experiments to provide the stable background for
testing, we are left with a circular process in which our sci-
entific “knowledge” may be seen as a self-contained system.
It may be convenient to accept the commonsense hypothesis
that this self-contained system describes reality, but it seems
unfortunate that a rationalist methodology, designed at least
in part to save reality, should do so only by what amounts to
an initial act of faith. Since our interpretation of what we con-
jecture are accurately observed results depends upon previous
interpretation of what we previously conjectured were accu-
rately observed results, there is no breakout from the system
into any kind of objectivity, no point at which the chain is
anchored to an objective reality.

It may well be that “sensible alternatives” are difficult
to conjecture. Since our experiments are judged for results
against the background of assumed knowledge, we build up a
body of scientific conjecture in which internal consistency is
at a premium. It is not, says Lakatos, that we perform our test
and the universe shouts “no”; rather is it a case of our per-
forming our test and the universe shouting “inconsistent.””
We might thus be led to propose that either our body of sci-
entific hypotheses does indeed “correspond with the facts”
or that the universe is deceiving us in a systematic way. But
there remains a third possibility, which is that there might be
other systems, different from the body of interpretation which
we have built up, but possessing internal consistency to the
same degree as that of our present system.

17
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The realization that, when we test, we cannot assume “the
light of all our objective knowledge” means that we cannot
say in the event of a discrepancy that we have successfully
shown the proposition under test to be false. And out of the
same window as goes falsification must also depart the idea
of greater verisimilitude. If we cannot, for certain, reject what
is false, neither can we accumulate hypotheses of greater
truth content, and neither can we talk any longer of greater
correspondence with the facts. When we test, we are testing a
conjunction of the hypothesis with what we think we already
know. “What we think we already know” is no more than
those propositions which testing has not led us to abandon.

If the search is for “inconsistency content” rather than
“falsity content,” we may see how it could come about that,
starting with different interpretations and assumptions, we
could, in theory, build up a body of consistent “knowledge”
different from the body of knowledge we have actually built
up, given the interpretations and assumptions we started with.
In plainer terms, if the self-consistent and circular system
is tied at no point to an objective reality, we can envisage
many equivalent, but different, systems which we might have
arrived at instead of our present system. In what sense, then,
does our scientific knowledge correspond with the facts?

Science as a human discipline appears to have made
widely accepted progress, despite the absence of any firm
link tying its propositions to an objective reality. Perhaps sci-
entific conjectures, while not purporting to describe reality,
do something which we can regard as equally acceptable. If it
is sensible to talk of an objective reality, it is equally sensible
to appreciate that, because we are dependent upon our senses
and our minds for an interpretation of it, there will be a “form
of reality” appropriate to us as observers. That is, there will
be a form in which reality cannot but seem to be presented
to us because of the nature of our sensory and mental equip-
ment. We may imagine that other beings with different senses
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and different types of minds will have their own “form of
reality” in the way in which objective reality cannot but be
interpreted by them. We are speaking here not only of those
aspects of the universe already contemplated by man, but
those which are capable of such contemplation. The form of
reality is thus seen as a potential, not necessarily an actual,
appreciation. It may be thought of as the total description of
the universe from the point of view of the mind and senses of
any particular species. It is, moreover, the only reality which
is (by definition) appreciable by that species.

If the human race were to disappear suddenly, then its
form of reality would not disappear with it. It would remain
as a potential way of understanding the universe, to be
realized at such a time as a new species emerged with the
same type of sense organs and minds as humans possess. But
when we talk of “reality” and our attempts to understand it,
we are talking of the form in which any objective reality is
accessible to our contemplation. It is a reality which already
has the pattern of man stamped on it. There is no point at all
in attempting to concern ourselves with the objective reality
which presents that particular form to us, since (by definition)
it is a reality forever beyond our detection or comprehension.

But even this “form of reality,” this aspect of existence
as it can only be observed and interpreted by man, is not tied
logically to the world of our scientific propositions. We have
no way of ascribing certain falsity to conjectures which are
concerned with the universe of our observation, for either
our senses may be deceiving us or the “stable knowledge”
against which the conjectures are tested may itself be in error.
One solution to this dilemma is to opt for a correspondence
between scientific theories and the observed universe because
“the overwhelming weight of common sense” supports such
an identification. If the alternative is to believe that the
universe is deceiving us in a systematic way, the tempta-
tion is great to believe, instead, that “inconsistency” can be
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equated with “falsity.” The notion of “belief” is, however, a
dangerous one.!° In answer to Hume’s problem of induction,
many people, especially scientists, were prepared to say that
the entire scientific system rested on the irrational belief that
there is a logical connection between repeated instances of
an event, the belief that what happened yesterday provided a
reason for us to believe it would happen again tomorrow.

It was a desire to preserve induction which led to the
inclusion of belief to supply the missing link, just as it is the
desire to save reality which brings belief into this equation.
Just as it proved possible to abandon induction and replace
it with an acceptable alternative, thereby disposing of the
“problem of induction,” so it might be possible to get rid of
the notion that scientific conjectures are purported descrip-
tions of the observed universe, and yet replace it by an
acceptable substitute.

The human race has access to devices other than descrip-
tion in its attempts to understand and to interpret. One such
device is the model, or analogue. In circumstances where
the real thing is for some reason denied us, we can proceed
to extend our knowledge by the construction of a model.
We can perform operations on the model which perhaps
we could never perform on the real thing, and thereby gain
greater understanding of whatever it is that our model is
intended to represent. If the purpose of our scientific conjec-
tures is to enable us to understand and to interpret, in some
way, the observed universe, we can see that it is not necessary
to regard them as putative descriptions of reality: we could
propose instead that they bear more of the characteristics of a
system of analogues.

What is suggested here is that scientists, despite the
appearances of terminology, are not putting forward proposi-
tions which purport to describe the observed reality, but that
they are, instead, proposing models whose function is to help
us in some way interpret the observed reality. In other words,
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instead of saying, “I conjecture that, in our observed reality,
all bodies attract each other with a force that varies inversely
with the square of the distance between them,” the scientist is
saying, “I propose that, in order to understand our observed
reality, we should contemplate a mental model of it in which
bodies attract each other with a force that varies inversely
with the square of the distance between them.” While the two
ways of putting it seem very similar, there are, nonetheless,
fundamental implicit differences.

The differences with which we are here concerned are
twofold. In the first place, the second approach makes it quite
clear that the world of science is man-made. While the first
way of putting things might lead to the impression that sci-
entific activity consists in discovering, little by little, what
already exists objectively, the second way clearly implies that
science is created by man to serve his purposes. Scientific
theories are not discovered, they are created, and scientific
activity consists not in gaining access to an ever larger share
of information waiting to be discovered, but in inventing ever
more wide-ranging and sophisticated models in order to bring
the observed universe within the ambit of our comprehension.

The second key difference, from our point of view, is that
while the first approach involves us in the formulations of
propositions which are either true or false, the second way
of looking at scientific activity involves us in the proposal
of models which are either good or bad. If we are dealing
with propositions which purport to concern themselves with
reality, with “the facts,” then we encounter all the objections
deriving from our inability to break out of the closed chain of
internal consistency. Because all of our knowledge is depend-
ent upon our other knowledge, we have no way of establish-
ing any scientific proposition as definitely false, any more
than we have of establishing it to be definitely true.

Once we realize, however, that we are talking about a
system of analogues rather than a collection of propositions
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describing reality, the problem does not arise. We can now
legitimately admit into our scientific activity the very con-
ventionalism that Popper is so anxious to avoid.!! We can say
not that we falsify conjectures but that we reject proposed
models which we find inadequate. We are not now asking if
our scientific proposals have greater verisimilitude, or truth
content with lower falsity content, than their predecessors;
we are asking whether they serve our purposes better than
their predecessors did. Before we enter the discussion as to
what these purposes are, it is perhaps well to note that even
the Lakatos modification of Popper involves the introduction
of an explicit conventionalism into the system. When Lakatos
points out that every test is in fact the testing of a conjunction
of a new hypothesis and “unproblematic” background knowl-
edge, he explains that the decision as to which knowledge
is “unproblematic” is a conventional one.'? If a discrepancy
occurs in testing, the decision to cast doubt on the new theory
is a conventional one. We decide which part of our knowl-
edge shall be deemed as above suspicion.

This modification by Lakatos is major, and all of his
careful attention to the actual procedures adopted by sci-
entists in their research programs cannot alter the fact that
the modification disposes of Popper’s hope for an objective
standard to which his system might be anchored. Lakatos
attempts to devise rules whereby scientists can automatically
know which information is suspect in the event of testing
discrepancies, but since the rules amount to no more than a
convenience, the way is wide open for any scientist to reject
them. One of Lakatos’s major concerns is to prevent situa-
tions arising in which new theories may be discarded because
of undetected flaws in the background knowledge used in
their testing. He instances the atomic theory of Prout (that the
atomic weights of chemical elements are whole numbers),'?
and points out that when even the most accurate practical
measure showed chlorine to have an atomic weight of 35.5,
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the theory was discarded. We know now, of course, since
the idea of isotopes was introduced, that chlorine consists of
two types (atomic weights 35 and 36) which give an average
atomic weight of 35.5, and we can appreciate that the theory
would not have been discarded had this been known at the
time of testing.

The trouble with the Lakatos rules is that in saving the
odd theory, like that of Prout, he compels us to retain many
theories that are worthy of rejection. The whole process of
scientific discovery would be slowed down considerably if
scientists were to adopt in practice the maxims which Lakatos
proposes in theory. Fortunately for science, they do not adopt
such maxims. What scientists do in practice is to proceed as
before, discarding theories which fail to survive critical tests,
even including such theories as Prout’s. If, with the tares, a
few ears of wheat are also thrown away, science can always
backtrack briefly at such a time as the pile-up of anomalies
compels them to doubt the background knowledge that is
used to reject some of these theories. This is precisely what
happened in the case of Prout’s theory. It was discarded, and
it was subsequently rehabilitated as anomalies revealed a flaw
in the narrow conception of a chemical element.

Perhaps fortunately for science, scientists are often com-
mitted to their theories in a highly personal way. As Kuhn'*
and others have observed, scientific progress is made more by
new scientists concentrating on new issues than by old ones
admitting that their ideas were wrong. Even though scientific
activity proceeds at full speed, ruthlessly rejecting theories
(like Prout’s) which do not survive severe testing, some sci-
entists are always sufficiently committed to the discarded
theories to explore the possibility that the decision might
have been unwise.

Lakatos has overlooked that one of the aims of science
takes into account the rate of progress. We want knowledge,
and we want it now. Under the Lakatos rules, progress would
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undoubtedly be made, safely and steadily. Under the system
actually used by science (in a much more cavalier approach),
progress is made quickly. Science can proceed, make
mistakes, backtrack, pick up needlessly discarded theories,
and still be years ahead of the point it would have reached
with the painstaking approach of Lakatos. Lakatos, despite
his introduction of conventional decisions, fails to take suffi-
cient account of the aims of the activity.

If we regard scientific theories not as putative descriptions
of reality but as proposed models, then the problem is easily
solved. Scientists are asked not to ascribe truth or falsity to
conjectures but to accept or to reject them as good or bad
models. The conventionalism here is explicit and necessary.
Unlike the conventionalism introduced by Lakatos into the
simple Popper system, which was proposed as an unfortu-
nate but unavoidable departure from objectivism, the conven-
tionalism in the analogue system derives from a recognition
that scientific activity is directed to the fulfilment of a human
purpose. It ceases to be a question of “But is the universe like
that?” and becomes instead a question of “But do we want
that?”

The question of what is, or is not, a good model depends
upon the whole purpose of the activity. Men do not engage
in scientific activity aimlessly; nor do they choose it as a
pleasant way of occupying themselves in order to pass the
time. They engage in scientific activity to gain knowledge
and understanding of the observed universe.'> That knowl-
edge and understanding are measured in terms of their
ability to predict future events and to explain past ones. One
can be said to have an effective grasp of the fundamental
workings of a system if one is able to predict successfully
the future outcomes of that system, and to “retrodict” the past
outcomes. The question of why men should wish to be able to
predict the behaviour of the observed universe is not strictly
relevant, provided that one accepts that they do; but it may
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assist that acceptance if one realizes that to predict is but one
step short of to control. It may well be that man, the creature
which survives not by adapting to the environment but by
adapting the environment, has been selected with an inbuilt
drive to control his own circumstances,'® and that he aspires,
despite himself, to be not merely the measure of all things but
the master of all things. What counts as an “effective” grasp
of the fundamental workings of a system is an understanding
that will enable one to compute forthcoming events, and be
able to act on the basis of that assumption.

The prime object of scientific activity is that man will
acquire an increasing ability to predict the behaviour of
external objects and forces. Science makes progress whenever
our ability to predict the observed universe is greater or more
accurate than it was before. A “good” scientific model is thus
one which increases our ability to do this, and a “bad” model
is one which does not. What we seek in our models is the
ability on our part to use them to better achieve the purpose
of scientific activity. In architecture or in engineering we
often construct physical, small-scale models to assist us to
solve our problems. The function of the model is to “stand
in” for the real thing which it represents, be it a building, a
bridge, or an airplane. We hope that the relationship of the
parts of the model to each other will enable us to say some-
thing about the relationship between the equivalent aspects
of the real thing. If our model office block is built to scale in
size, weight, and strength, and we see that it collapses when
we add more than twenty stories to the foundations, then—
if it is a good model—we would consider ourselves unwise
to build a real office block with as many as twenty stories
unless we first adopt a stronger design for the foundations.
The model, while not describing reality, tells us something
about it by way of the internal relationships between its parts.

We can, of course, construct models which tell us some-
thing from external relationships with other models. When
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we build our model airplane, we do so in order to see if a
particular design is viable. We expose it in a wind tunnel to
a model of the airstream which the real airplane will have to
fly through. If our modelling has been good, it is our hope
that the relationship between the model airplane and the
model airstream will tell us something about the relationship
between the real airplane and the real airstream.

Similarly, we hope that our scientific models will tell us
something about the behaviour of the observed universe.
Even though scientific models are not generally physical,
but models in the sense of ideas, our hope is that study and
computation performed on them will tell us something of
how to predict the observed universe. Consider, for example,
the “model” formulation of gravitational attraction. It was
worded thus: “I propose that in order to understand our
observed reality, we should contemplate a mental model of
it in which bodies attract each other with a force that varies
inversely with the square of the distance between them.” If,
by manipulation with this model, by performing calculations
on it, we are able to “predict” what we already know occurs
in the observed universe (i.e., to “retrodict”), then obviously
our model has some value. If, by similar calculation on the
model, we are able to predict events in the universe whose
outcome we do not already know, then we say that the model
is a good one. We say it is good because the relationship
between aspects of the model “stands in” for an equivalent
relationship in the observed universe, and because contem-
plation of the model has enabled us to extend our predictive
power over observed reality.

Two things are required of our models for them to serve
our scientific purposes. They must “stand in” for the observed
universe in two respects. The relationships within the model
must enable us to increase our ability to predict the aspect
of observable reality which the model represents, and the
relationships between the new model and other models
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must reflect the equivalent relationships in the world of our
observation. In other words, we ask of our scientific model
system that its behaviour will enable us to predict observa-
ble reality, and that it be internally consistent. A new model,
such as an equation for falling bodies, might be valuable to us
if it enables us to predict what will happen to objects which
fall. It will be of considerably more value if it can fit consist-
ently into a general model of motion and thereby enormously
extend our predictive range.

When we test proposed models in science, then, we are
testing them for their capacity for helping us achieve the ends
of the activity. We test the model to see if it enables us to
predict new things about the world of our observation, and
whether it is consistent with our already established model
system—the one we call our scientific knowledge. We con-
stantly attempt to improve our scheme of analogues, in order
that our ability to predict the observed universe may be
extended. When we reject a previously used model in favour
of a newly proposed one, we do so because testing shows us
that the new one is more adequate to our purposes than the
old. Einstein’s model was preferred over Newton’s because
it enabled us to predict everything about the observed
universe which Newton’s did, and a little extra. It was not
that Newton’s theory was “falsified”—as we saw, there are
logical reasons for supposing such a process to be impossi-
ble. Rather, it was that Einstein’s theory served our purposes
better.

Of course, there remains the problem whether to admit a
new model in the event of inconsistency with our established
system of analogues, or whether to propose, instead, that
the established system is inadequate. Now that we are using
concepts which make clear the element of human motiva-
tion in the activity, the problem seems less acute. It is not a
question of rejecting possible truth, or even admitting false-
hoods. It comes down to a question of the relative adequacy
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of the alternatives for the task we have set them. Where the
new proposal has successful predictive ability, but cannot
be rendered consistent with existing models (i.e., it fails to
“predict” established knowledge), the need for research
to decide whether the new or the established model can be
modified in order to achieve consistency is clearly indicated.
Sometimes both may apply. The obvious example from the
history of science pertains to theories about the nature of light.
Corpuscular theories were useful models in that they could
explain some observed phenomena and be used to predict
new events. Wave theories could be used to explain other
observed phenomena, and could also predict. Consistency
was only achieved after two centuries, when a model system
(the quantum theory) was proposed that was to some extent a
compromise, combining elements of both rival systems.

We can, if necessary, reject such proposals as Prout’s
atomic weight theory without feeling that we might be rashly
consigning to oblivion an important truth. All we are reject-
ing is what might turn out to be a useful model after all. If
we proceed in this fashion, and have inadvertently rejected a
useful model, there will be plenty of opportunities to recon-
sider its merits at such time in the future as we find that other
discrepancies have led to the need for a major overhaul of our
established system of analogues. The point is worth making
that the Prouts of science are quite rare. Usually when we
discard proposed models after testing, we never regret doing
so. It is better to discard the occasional good model along
with the many, many bad ones (knowing we can pick it up
later) than to proceed overcautiously, spending overmuch
time on the consideration of worthless models.

It is important to appreciate that we are not concerned
with the notion of “adequacy” in any absolute sense. Only a
scheme of models whose contemplation enabled us to predict
and explain everything within the world of our observation
could be deemed “adequate” in that sense. What concerns us
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is that we should select at each stage a model which is more
adequate than its rivals in helping us predict or retrodict. Our
testing, therefore, is necessarily competitive. We choose the
comparatively more adequate, and we seek increased predic-
tive power—a relative factor. When we test, therefore, we
are testing relatively. We are testing to discover which of the
proposed alternative models best serves our purposes. At first
glance, this stress on the competitive aspect of testing might
appear to run counter to experience: surely there are cases in
which a new model is proposed to help us understand a newly
observed phenomenon? In fact, though, we always have, at
the very least, a simple background theory which previously
satisfied us. In the case of a “newly observed phenomenon,”
we can reflect on Popper’s dictum that we make “observa-
tions” only in the light of our previous theories.'” An event
strikes our notice as an observation only when there is a
preconceived theory; we single it out for attention because
it assumes significance to us against the background of that
preconceived theory.

Even Newton’s theory had its predecessors in the form of
models which postulated that for things to fall downward was
a natural state of affairs. It was Newton’s model, on which
objects continued at rest or in constant velocity, which made
the downward acceleration of objects require additional
causes. The theory which proposes as its model that a given
state of affairs is “natural” is as much a theory as a successor
which proposes that additional causes must be sought. When
we test, we reject whichever alternative is less adequate to
our task of predicting the observed universe.

We can now think of scientific activity as a human dis-
cipline in which the participants attempt to approach ever
nearer to a nominated objective. The fact that the objective
(perfect knowledge) is not obtainable in the absolute sense
in no way prevents us from approaching ever nearer to it
than we were before. The method of science consists in the
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nomination of proposed models, whose function is to enable
us, by studying their relationships, to make successful pre-
dictions concerning the universe which we can observe. We
constantly increase our ability to predict by competitively
selecting models on their ability to assist us in that task. More
accurately, we reject those which are shown, on testing, to be
less adequate than the alternatives. Scientific activity, then,
has several important ingredients.

All of those who engage in science are expected to
embrace the nominated objective of increased predictive
power; and they know that their performance within the
activity will be adjudged successful insofar as they are able
to achieve such an increase. They might be kindly, humane
men; they might be a source of inspiration to their students;
they might stand out as worthy of admiration for taking moral
stands on the political uses of scientific knowledge. But they
will be judged as successful scientists only by the standard
which requires them to increase man’s ability to predict the
observed universe.

Secondly, it may be said of science that its activity
consists of the construction and proposition of mental
models, and in the testing of these models. Scientific activity
requires that men imagine analogue systems whose study
will enable successful predictions to be made concerning the
observed universe. It requires the exercise of the imagina-
tion in order that testing programs might be produced which
are designed to bring competing model systems to a “crisis
point” at which one can be selected as superior to its rivals.
And it requires this process to be continuous. Science makes
progress toward its nominated end whenever a decision is
taken. At every crisis point a less adequate model is rejected
in favour of a more adequate model; and since adequacy
is measured by the ability to achieve the nominated end, it
follows automatically that every decision takes us nearer to
the nominated end. Even when the decision at the crisis point
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is to reject the newly proposed model on the grounds that it
is less adequate than the established model, we know at least
that the rejected model can be eliminated in our search for
superior ones.

Sometimes in such circumstances we gain even more
assistance in our efforts. If the devisor of the test has been
particularly skilful, or particularly lucky, we might get direct
feedback and learn not only that a particular proposed model
was less adequate but also the respects in which it was inad-
equate. We might learn, in other words, how to improve the
model in such a way that it becomes superior to its rivals.
Even without such circumstances, however, we proceed by
negative feedback, continually eliminating the worse in
favour of the better.

The normal course of scientific activity is thus one in
which every alteration to our system of analogues is an
improvement: it was only admitted after testing had shown
it to be better than its predecessors. Progress is, in science,
the norm. The activity proceeds in such a way that every
decision must mean an advancement, either in introducing a
new model which better fulfils our goal of increased predic-
tive power or in making us aware that at least one type of
model is not what we are looking for if we are to augment
that power.

It might be argued that “mistakes” are possible in this
scheme of scientific activity; that it is possible for us to
discard a good model in favour of one which seems better
at the time but subsequently turns out to be inferior. It is
certainly true that circumstances like these can arise, but
it would be wrong to think of the period in which the old
(good) model was set aside as a blind alley or a retrogression.
If a new model is preferred, it must be because a critical test
or series of tests has shown it to have improved predictive
power over the old model (our “crisis point”). If the old one
is subsequently rehabilitated in modified form, it will be for a
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similar reason. Both stages, the rejection and subsequent rea-
doption, are marked by an extension of our predictive power,
and both, therefore, represent progress toward our goal. It
is the period spent with the new model which shows us the
inadequacies which only a modified form of the old model
can surmount.

Had there been no “blind alley” phase, we have no reason
to suppose that our old model would have been so improved.
Provided we act in science in full consciousness of what we
are doing and what we are trying to achieve, progress is guar-
anteed with every decision we make.

We cannot, of course, guarantee that when we perform
our tests we are not in a state in which our senses are deceiv-
ing us. One of the weaknesses of “falsification” is that we can
never be sure that our observations are made accurately, and
that we are right to reject the theory instead of our sensory
evidence. Can it not also be said of our model systems that
we might reject a good one because we observe test results
incorrectly? The important point of difference between the
two approaches is that the “falsification” approach concerns
itself with true or false propositions concerning “the facts”
whereas the model system concerns itself with analogues
designed to help us predict the observable universe.

It may be true that our senses might deceive us in one
test; but since tests have to be repeatable, one such freak
occurrence would easily be corrected. The more serious
case we are considering is one in which our senses repeat-
edly and consistently deceive us, so that other experiment-
ers, performing repetitions of the test, will achieve equally
erroneous results. If, however, such a situation occurs, it
may readily be seen that the achieved result is the observed
universe, whether or not it diverges from some unknown
and unknowable reality. If our senses consistently deceive
us at some point, then our model systems will be so con-
structed as to predict that deception. They will not enable us
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to appreciate that it is a deception, but our concern is with
what we observe, with predicting the observed universe. We
can leave those whose concern is with “truth” and “the facts”
to worry about whether their observations accord with what
really is the case. With our more limited objective of being
able to predict what we will observe, the problem does not
arise at all. We reject whichever of our proposed models
is less adequate than its rival at enabling us to predict the
observed universe—Iless adequate, that is, at enabling us to
predict the observed results of our tests, as opposed to any
“real” results of our tests.

In view of the remarks made earlier concerning reality
and the form in which it cannot but present itself to us,
it is very doubtful that there is anything to be gained from
drawing a distinction between “reality” and “reality-as-we-
can-observe-it.” Since any reality objective of the minds and
sense organs of the species which contemplate it can only be
interpreted by any individual species through its mind and
sense organs, the contemplation of it can avail us naught. Our
limited concern in science is to produce analogue systems
whose contemplation will enable us to predict successfully
what we shall observe in any tests we perform.

We are now in a position where we are able to supply a
conceptual modification to Popper’s shorthand formula of
scientific method.!® Popper describes the system by the terms

P1—>TT—>EE—>P2

meaning that proposition 1 proceeds by way of theory testing
and error elimination to proposition 2, which itself becomes
the P, of a new cycle of the formula. Each P, says Popper, is
necessarily more accurate than P, by virtue of the error elim-
inated as a consequence of theory testing. Thus is progress
made in science.

With consideration to the criticism given above, we can
keep the essential aspect of the formula, the “conjecture and
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refutation” side of it, but modify the concepts to give us a
new formula:

MlorM2—>T—>CP—>IE—>M2

This is a shorthand way of saying that we proceed from the
competitive proposal of model systems (M, and M,) by way
of testing (T) to a crisis point (CP), at which we can elimi-
nate the less adequate of the competitors (IE, or inadequacy
elimination), finally arriving at a preferred M,. The successful
M, will then have competing M, proposed against it, and will
undertake a new cycle of the formula.

M, represents the model which corresponds to our latest
stage of knowledge. It was preferred at some point because
testing showed it to be more adequate than its rivals at
enabling us to predict the observed universe. M, is the new
scientific conjecture that is proposed as a better model. Tests
are designed which will bring the competing systems to a
crisis point, at which we will have grounds for preferring one
rather than the other. Those grounds are the superiority of one
system at helping us predict what we shall observe. The less
adequate of the two is eliminated, and we are left with a new
“current state of knowledge,” M,, which we know will one
day be superseded by a superior competitor.

The conventional aspects of this equation are explicit. We
are choosing between alternatives on the basis of which one
best serves our intentions. We deliberately undertake testing
to bring us to a crisis point at which we can satisfy ourselves
as to which best serves those intentions. We are not eliminat-
ing objective error from propositions, we are deciding which
one we prefer. The testing is equivalent to a practical run
under field conditions: the one which performs better under
testing is chosen because it has proved itself in practice.

“Inadequacy elimination” is the stage at which we elim-
inate whichever model shows itself in practice to be of less
assistance to us in our chosen task of successfully predicting
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the world of our observation. Progress is guaranteed. Each
M, is necessarily superior for our purposes than each M,; it
was chosen only for that reason. Furthermore, this revised
formula purports to describe not only what scientists should
do but what they do do. We are now in a position to appreci-
ate why science has made the “constant and linear” progress
referred to in Chapter 1. Science has made progress because
its participants have accepted the nominated end of the
activity, and because a method has been used which guaran-
tees that every step is a step forward.

The method by which one model is replaced by another
guarantees that we retain our best devices for predicting the
observed universe until we have satisfied ourselves that there
are better ones. At no point do we detach ourselves from any
rung of the ladder until we have one foot on another rung we
know to be higher. Given a common acceptance of the direc-
tion of our destination, it is inevitable that each move should
be a move toward it. We may reduce the constituent elements
of progress in science to two:

1 Universal acceptance by the participants of the
nominated end (ability to predict the observed
universe as much as possible)

2 Adoption by the participants of the method
outlined by the formula

MlorM2—>T—>CP—>IE—>M2

(We might note that there is a third, implied condition:
that scientists will exercise their imaginations to create new,
conjectured model systems [M,s] and that they, or others, will
use their imaginative skills to devise tests which can bring the
competition of alternatives to a critical point at which choice
can be made. But this condition amounts only to saying that
there must be scientists who engage in scientific activity.)

Given those conditions, scientific progress will be made,
even if it is only the progress which covers an increasing
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knowledge of what proposed model systems are not more
adequate than established ones. As we might expect from
simple observation of the history of science, highly talented and
imaginative individuals within the discipline can make a con-
siderable difference to the rate of progress achieved. Progress
of a much more direct and appreciable kind is made when an
M, supplants an M ; so it is a good thing for scientific progress
if great minds work on the problem of creating new models.

Again, scientific progress is obviously accelerated
if talented people work on the problems concerned with
devising critical tests. It would be remarkable indeed if the
progress of science were smooth and regular, despite the dif-
ferent mental qualities of those who, at various times, have
engaged in the activity. It has not been. Its rate has varied
with the quality and numbers of its participants; but it has
been linear and unidirectional. Every decision has repre-
sented a step nearer the perhaps unattainable goal of ability to
predict everything.

We should note that the scientific conjectures of model
systems represent attempts to achieve the chosen goal. If
we were being less specific, we could, without inaccuracy,
replace M, and M, by A and A, where A represents the best
attempt thus far to reach toward the desired end and A, is the
proposed improvement. We embark upon the course of action
in order to fulfil a human purpose (in this case the ability to
predict the observed universe). Each proposed model is an
attempt to achieve that purpose more or better than previous
attempts. We can thus restate our constituent elements of
progress in science as

1 Universal acceptance by the participants of the
nominated end

2 Adoption by the participants of the method
outlined by the formula

AlorA2—>T—>CP—>IE—>A2
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Once the constituent elements are put into this form, we
can see that there are no longer any terms within these con-
ditions which refer specifically and exclusively to scientific
activity. We have replaced Popper’s propositions, P, and P,,
by attempts to achieve the aim of the activity. (We note that
in science they take the form of proposing models M, and
M,.) We have substituted zesting for Popper’s theory testing,
and we have replaced the idea of error elimination by inade-
quacy elimination. By taking out the terms which referred to
propositions, theories, and errors, we have taken the equation
out of the limited realm of science, and we can see that sci-
entific activity represents only a special case determined by
condition 1, the aim of the activity. These twin constituents
of scientific progress can be seen as constituents of progress
which have specific application in the field of science.

What gives scientific progress its peculiarly “scientific”
character are the specific terms we write, as a special case,
into those two general constituent elements of progress. It is
because the nominated end, universally accepted by the par-
ticipants, is the ever-increasing ability to predict the world of
our observation, and because the attempts to achieve this (A,
and A)) take the form of proposed models (M, and M,), that
the progress becomes, in this instance, scientific progress.
It would be nonsense to ask such questions as “Suppose
science had different aims?” because the aim itself is an
important defining characteristic of the activity. It becomes
an equal absurdity to ask questions concerning “scientific
theories which cannot be tested,” since such theories would
fall outside the ambit of the application of condition 2, and
would therefore not be scientific. If a proposal cannot be
tested, we cannot proceed through the stages represented by
the equation, and we cannot either prefer it over its rivals or
reject it.

In one sense, even questions of the form “But should
science proceed in this manner?” are bogus. It is sensible
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to suggest that scientists should adopt a particular way of
doing things if they wish to achieve their objectives, but it
should be appreciated that it is the pursuit of those objectives
by the method described by condition 2 which defines the
activity. If people nominate alternative goals, or proceed to
them by other methods, then they are not engaging in scien-
tific activity at all. The analysis given above purports to be a
description of the elements of scientific progress. To suggest
that people should do things in another way is to suggest that
they engage in activities other than the pursuit of scientific
progress. The analysis, in other words, claims to be an exam-
ination of what people must and do do when they undertake
scientific research.

It is quite possible that many practising scientists might
be found who would deny that the above analysis accu-
rately describes their activities. It is well to remember, in
this context, that most scientists thought (and some still do)
that they were using inductive processes to arrive at general
theories; and that this belief continued long after the logical
impossibility of induction had been illustrated. We judge sci-
entists as good or bad on the basis of their ability to perform
the activity, not to understand it or explain it. Our conten-
tion is that the two constituent elements, conditions 1 and
2, suffice to give an account of the activity and the reasons
for its progress, whether or not those actually engaged in the
exercise fully appreciate this.

It cannot be doubted that many scientists pursue their
activities with motives other than seeking to extend our pre-
dictive power. Desire for financial gain, for Nobel prizes,
for the esteem of one’s peers—all play a part in motivation.
They might all be determining factors which decide people
to propose new models or to devise sophisticated tests. The
point is that because the conventional target is the extension
of predictive power, success or failure of scientists as scien-
tists is judged by that standard. A scientist such as Lysenko,
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who gained wealth and power in Stalinist Russia, is not
regarded as a good or successful scientist because he is not
judged by his own motives, but by the conventional object of
science.

For Kuhn to say, as he does, “There remains the problem
of understanding why progress should be so noteworthy a
characteristic of an enterprise conducted with the techniques
and goals this [i.e., his] essay has described,”" is for him
to tell us that he has failed to understand correctly the tech-
niques and goals of science. As we have seen from the above
analysis, progress is inevitable once conditions 1 and 2 are
satisfied.

Kuhn'’s treatment of scientific revolutions seems as much
a psychological as a philosophical study. No doubt there are
factors which induce scientists to work from an assumed
“paradigm,” and doubtless, too, the young generation of sci-
entists reacts against the authority of its elders and is more
inclined to accept revolutionary paradigms. But none of this
really deals with the standards by which scientists are judged,
whatever their psychological motivating factors. No scientist
would urge acceptance of a new paradigm on the grounds
that it would enable a new generation to assert its independ-
ence from its teachers. And if one did, certainly no one would
pay attention to him. This might be his basic motivation, but
to gain acceptance (or at least favourable consideration), he
would have to show how the new paradigm is better than the
old model in its uses for prediction.

In dwelling on the importance of paradigms, Kuhn singles
out for special attention what is only one aspect of scientific
development. There are times, it is true, when our scheme of
analogues stands in need of major structural alteration. There
are periods when anomalies and discrepancies pile up from
testing, and the scientific community realizes that its par-
ticular model must undergo a major overhaul if its predictive
power is to be enlarged without loss to consistency. Such a
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situation prevailed in nuclear physics and electromagnetic
radiation toward the end of the nineteenth and the beginning
of the twentieth century. A whole new range of observed
phenomena could not be predicted successfully by existing
models, and a major search was undertaken on several fronts
for replacements. But the scientific “revolution” is only a
magnified version of what goes on all the time in scientific
activity. How much change must there be to a model before
it can be called a new “paradigm”? How new must new ways
of thinking be before we can talk of “revolution”? Such ques-
tions lead us to appreciate that, in talking of scientific revo-
lutions, we are discussing questions of scale, not kind. Every
improvement of a paradigm is a change of model, whether
this be “within” the paradigm or beyond it.

Kuhn’s paradigms assume, for him, considerable impor-
tance in the consideration of scientific progress. “Part of the
answer to the problem of progress,” he says, “lies simply in
the eye of the beholder.” “It is only during periods of normal
science that progress seems both obvious and assured.”?
He takes the phrase normal science to describe the situa-
tion in which there are no competing paradigms struggling
for supremacy, and he uses the term progress to denote “the
result of successful creative work.” He is telling us that it
is only when there is a universal paradigm that “successful
creative work™ (within that paradigm) will be recognized for
the progress that it is. It is not recognized during times of
intense paradigm competition because the “very fundamen-
tals” are questioned. If Kuhn is telling us, in a rather elab-
orate way, that the improvement of models is recognized
as progress except at such times as people think the whole
model stands in need of major alteration in structure, then he
is saying nothing controversial. But we must not lose sight
of the fact that, given the nominated aim of science to extend
our predictive ability, progress represents an actual increase
in our capacity for successful prediction, quite regardless of

40



Trial and Error

whether it is recognized at the time or is overlooked because
it derives from a “wrong” paradigm.?! Given a clear aim,
progress can be measured objectively by the degree to which
that aim is attained.

Even though this analysis is presented as a description
of what scientists must and do do when they engage in sci-
entific activity, inspection of the conditions can lead to the
postulation that certain prevailing conditions are more con-
ducive to scientific progress than others. It may be taken for
granted that acceptance of the nominated aim is a necessary
condition for progress; otherwise there would be no target to
make progress toward. What can by no means be taken for
granted is that scientific progress will proceed at the same
rate, regardless of conditions prevailing in society and in
the scientific community. Some of the factors represented by
terms in the formula

MlorM2—>T—>CP—>IE—>M2

can be influenced by society’s institutional arrangements and
traditions. We are more likely to encounter the proposition of
useful models if many, rather than few, are engaged in the
activity and if no arbitrary bars are placed on the type of
models which may be proposed. If a society, for ideological
or religious or other reasons, deliberately prohibits formula-
tion of models within a certain range, it is denying science
access to a group of possibly useful proposals, and might
well find its scientific progress retarded. Similarly with the T
stage of the method. We expect progress to be fastest where
there are fewest limits to testing. If there is freedom to test,
and resources are available for testing, then we would expect
these conditions to be more conducive to progress than their
opposites. And of course it follows that if a community insists
on the retention of certain models, without allowing them to
be replaced, then here, too, progress is denied.

These conditions are almost the opposite of those which
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Kuhn alleges to prevail during periods of most progress.
Kuhn alleges (correctly, I think) that scientific communi-
ties behave in a restrictive manner.”? To obtain professional
recognition at the time, a practising scientist is expected to
conform. The scientific community tends to cold-shoulder
those who do not “accept the paradigm.” As often as not, they
are dismissed as cranks and excluded from the respect of their
peers. Despite apparent freedom to conjecture, to test, and to
replace models, the pressure of the community often makes
the exercise of this freedom very difficult for the scientist
who wishes to remain in good standing with the scientific
profession. These are the characteristics of those periods in
which Kuhn says the paradigm is unchallenged: the periods
of “normal” science. And yet, says Kuhn, these are the very
periods in which there is unchallenged progress.

On the basis of our examination of the conditions required
for progress, and how the individual factors might be opti-
mized, we can only look upon the restrictive tendencies of
scientific communities as unfortunate limitations on possible
progress. The practices of the professional body of scientists
during periods of “normal” science can only restrict the range
and scope of proposed models and tests, and inhibit, rather
than accelerate, the rate of progress. If scientific workers
did not have to fear disapproval and rejection by their peer
group, they might be much freer in their creative thought and
work, and might accelerate progress in consequence. The
oft-declared ideals of the scientific community—objectivity,
fair-mindedness, willingness to consider any point—are much
more appropriate to the conditions required for progress than
its narrow-minded practices.

Looked at more objectively, without the confusion of con-
sidering what people think at the time, we can see that the sci-
entific “revolutions” are regarded as much more the periods
of greatest progress than are the quieter, “normal” times.
When there is a major restructuring of our model system,
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such that a new group of phenomena is successfully brought
within range of our predictive power, we speak of dramatic
progress being made. This is what we would expect from
our analysis, for it is at such times that the exposed weak-
nesses of the established model system lessen the pressure for
conformity which the scientific community is able to bring
to bear. It is at such times that the attention of many minds
is directed to the problem, and that people are working on a
wide variety of alternatives and test situations.

Popper has introduced the idea of a “Third World” (or
“World III”) in which our propositions, once uttered, gain
objectivity.? Unlike World T (the world of external fact)
or World II (the world of ourselves, our thoughts and our
emotions), World III is concerned with those ideas which we
put forward as conjectures. One of the important points he
makes about World III is that the propositions we put into it
become detached from ourselves and from our lives. They
become “objectified,” in that they stand to be criticized only
on their merits, and independently of the life and motive
of the persons who formulated them. Without necessarily
accepting Popper’s “tripartite” division, or even his cate-
gories, it is useful to think in terms of his World III when
we think about scientific progress. Kuhn thinks of progress
as something totally subjective, and so it is in at least one
sense. Obviously, any individual’s idea of what steps consti-
tute progress will be determined by the aims he envisages. As
was said in Chapter 1, one man’s progress is another man’s
retrogression.

There is, however,