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PREFACE TO THE THIRD EDITION

THIS work has been out of print for some time, and I
have long meditated as to whether it was or was not
desirable to reissue it. And, if it were desirable, the
problem of how it could possibly be done in a manner
likely to satisfy the modern reader has raised much doubt
in my mind. Reading the book again after many
years, it was surprising to find how the heterodoxy of
the ’eighties had become the commonplace and accepted
doctrine of to-day. Nobody believes now that science
explains anything; we all look upon it as a shorthand de-
scription, as an economy of thought. Yet in 1885, when
in issuing Clifford’s Common Sense of the Exact Sciences,
I defined mass as a ratio of accelerations, and said
that the current definitions of matter and force were un-
intelligible, it called forth the most strong protest from
more than one distinguished physicist. And, again, the
Grammar of Science which first saw the light in 1892
belonged to an age when the leader of British mathe-
matical physicists was confidently asserting that there
was nothing he was more sure of than the objective
reality of the ether. It seems almost unnecessary now
to republish a book, the lesson of which is that objective
force and matter have nothing whatever to do with science,
and that atom and ether are merely intellectual concepts
solely useful for the purpose of describing our perceptual
routine. Why! the physicists themselves are nowadays
v
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almost prepared for each individual observer carrying
about his own ether, and are even more certain than the
author of the Grammar that ether and atom must account
for, but need not obey, the Newtonian mechanics! What
possible purpose, then, can this Grammar serve? Were
the author still young and not burdened with many other
tasks, a very serviceable function could be performed by
showing that the methods of the Grammar extend even
further than was indicated in 1892. Beyond such dis-
carded fundamentals as “ matter” and “force” lies still
another fetish amidst the inscrutable arcana of even
modern science, namely, the category of cause and effect.
Is this category anything but a conceptual limit to
experience, and without any basis in perception beyond
a statistical approximation? The very idea will be
scouted now, as Professor Tait scouted in 1885 the non-
reality of force, or Lord Kelvin later the non-reality of the
ether. But the real question is, what will men of science
be saying twenty years hence? They may then recognise
that the distinction between the physical and the biological
sciences is really only quantitative, and the physicists who
now see only absolute dependence or perfect independ-
ence may then smile over the penurious narrowness of
mathematical function as they smile now over the in-
sufficiency of the old laws of motion. Or, again, may
there not be some danger that the physicist of to-day
may treat his electron, as he treated his old unchangeable
atom, as a reality of experience, and forget that it is only
a construct of his own imagination, just so far useful as it
describes his experience, and certain to be replaced by a
wider concept as his insight expands? The Grammar
would find full scope for its methods had its author had
the leisure to rewrite it from the standpoint just indicated.
All that it has been possible to do has been to add a
chapter indicating what the author thinks to be the
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expansion taking place in our ideas of causation. He
has further, through the kindness of his colleague, Professor
E. Cunningham, been able to include a chapter on Modern
Physical Ideas. That chapter indicates, not that the
physicists are discovering a new perceptual reality, but
that they are seeking for a mathematical concept wide
enough to describe a much enlarged perceptual experience.
It may reasonably be doubted whether they have yet
found it.

I can only hope that the third edition of my book
has not been so far modified as to repel its old
friends. For my part, I am compelled to regard it as
scarcely renovated as fully as it ought to have been.
Still, even in its present form the writers of elementary
text-books on dynamics might, if they would favour it
with a perusal, learn that the time-honoured three laws
of motion are not all that modern science has to say
about mechanism, and that even schoolboys must sooner
or later rebel against being told that “a body remains at
rest or moves in a straight line unless acted upon by a
force” or that “mass is the quantity of matter in a body,”
an absolute constant independent of its motion !

KARL PEARSON.

UxiversiTy COLLEGE, LoxNDOX,
January 19, 1911.



PREFACE TO THE SECOND EDITION

DURING the eight years which have elapsed since this
Graminar was first published, the views expounded in it
have undoubtedly met with wider acceptance than the
author in the least anticipated. There are many signs
that a sound idealism is surely replacing, as a basis for
natural philosophy, the crude materialism of the older
physicists. More thar one professor of metaphysics has
actually discovered that he can best attack “ modern”
science by criticising ancient statements as to mechanism
from a standpoint remarkably similar to that of the
Grammar. Step by step men of science are coming to
recognise that mechanism is not at the bottom of
phenomena, but is only the conceptual shorthand by aid
of which they can briefly describe and resume phenomena.
That all science is description and not explanation, that
the mystery of change in the inorganic world is just as
great and just as omnipresent as in the organic world,
are statements which will appear platitudes to the next
generation. Formerly men had belief as to the super-
sensuous, and thought they had knowledge of the
sensuous. The science of the future, while agnostic as
to the supersensuous, will replace knowledge by belief
in the perceptual sphere, and reserve the term knowledge
for the conceptual sphere—the region of their own
concepts and ideas—of cther, atom, organic corpuscle, and

vital force—of physical and plasmic mechanics. That
viii
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this change of view as to the basis of science cannot
take place without misunderstanding,! or without giving
an opportunity to those who dislike science to decry its
weaknesses, is only natural. To change the basis of
operations during a campaign always gives a chance to
the enemy, but the chance must be risked if thereby we
place ourselves permanently in a position of greater
strength for offence and defence. If the reader questions
whether there is still war between science and dogma, I
must reply that there always will be as long as know-
ledge is opposed to ignorance. To know requires exertion,
and it is intellectually easiest to shirk effort altogether
by accepting phrases which cloak the unknown in the
undefinable.

Meanwhile the need for remodelling the fundamental
mechanical principles as we find them stated in elementary
text-books of physics and dynamics remains as urgent as
ever. Professor A. E. H. Love is, indeed, to be con-
gratulated in having in his Z/eoretical Mechanics® ventured
a good way in the right direction, but his work will
hardly be used for elementary science teaching, and it is
through the latter only that we can hope to give the new
and sounder scientific conceptions general currency. For
the present the Grammar may yet be of service. After
an eight years’ life and an issue of some 4000 copies, it
reappears in a revised and enlarged form. The chief
additions are the chapters on Evolution, dealing with
fundamental conceptions in the field of biological science.
The progress in this direction during the last few years
enables me to define several of these conceptions much

1 See, for example, Mr. St. George Mivart’s attack on the present work as
essentially materialistic !—Fortnightly Review, 1896.

2 Cambridge University Press, 1897. That a well-known Harvard
Professor should have used the Grammar as a basis for the term’s discussions

in his post-graduate Seminar is another hopeful sign that many minds are
being stirred to reconsider the fundamental concepts of science.
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more accurately than was possible in 1892, and to
indicate, if only in vague outline, what a fascinating field
is being here transferred from the synoptic to the precise
division of science (see the chapter on the Classification
of the Sciences). Many changes have been made in the
wording, but few in the substance of the earlier parts
of this book. For valuable suggestions in the chapters
on Evolution I have to thank Mr. Francis Galton, F.R.S,,
Professor W. F. R. Weldon, F.R.S,, and Mr. G. Udny
Yule.

If T have not paid greater attention to my numerous
critics, it is not that I have failed to study them ; it is
simply that I have remained—obstinately it may be
—convinced that the views expressed are, relatively to
our present state of knowledge, substantially correct.
Such changes in form as I have made have been chiefly
suggested by further experience in the difficulties which
await both pupil and teacher. I can only conclude by
expressing a hope that if old friends meet the Grammar
in its new form, they will not be displeased by either the
superficial changes or the more substantial additions.

KARL PEARSON.

UNIVERSITY COLLEGE, LONDON,
December 1899.



PREFACE TO THE FIRST EDITION

THERE are periods in the growth of science when it is
well to turn our attention from its imposing superstructure
and to carefully examine its foundations. The present
book is primarily intended as a criticism of the funda-
mental concepts of modern science, and as such finds
its justification in the motto placed upon its title-page.
At the same time the author is so fully conscious of the
ease of criticism and the difficulty of reconstruction, that
he has attempted not to stop short at the lighter task.
No one who knows the author’s views, or who reads,
indeed, this book, will believe that he holds the labour
of the great scientists or the mission of modern science
to be of small account. If the reader finds the opinions
of physicists of world-wide reputation, and the current
definitions of physical concepts called into question, he
must not attribute this to a purely sceptical spirit in the
author. He accepts almost without reserve the great
results of modern physics; it is the language in which
these results are stated that he believes needs reconsidera-
tion. This reconsideration is the more urgent because
the language of physics is widely used in all branches
of biological (including sociological) science.  The
obscurity which envelops the principia of science is not
only due to an historical evolution influenced by the
authority which attaches even to the phraseology used

by great discoverers, but to the fact that science, as long
xi
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as it had to carry on a difficult warfare with metaphysics
and dogma, like a skilful general conceived it best to hide
its own deficient organisation. There can be small
doubt, however, that this deficient organisation will not
only in time be perceived by the enemy, but that it has
already had a very discouraging influence both on
scientific recruits and on intelligent laymen. Anything
more hopelessly illogical than the statements with regard
to force and matter current in elementary text-books of
science, it is difficult to imagine; and the author, as a
result of some ten years’ teaching and examining, has
been forced to the conclusion that these works possess
little, if any, edwcational value; they neither encourage
the growth of logical clearness nor form any exercise
in scientific method. One result of this obscurity we
probably find in the ease with which the physicist, as
compared with either the pure mathematician or the
historian, is entangled in the meshes of such pseudo-
sciences as natural theology and spiritualism. If the
constructive portion of this work appears to the reader
unnecessarily dogmatic or polemical, the author would
beg him to remember that it is essentially intended to
arouse and stimulate the reader’s own thought, rather
than to inculcate doctrine: this result is often best
achieved by the assertion and contradiction which excite
the reader to independent inquiry.

The views expressed in this Grammar on the funda-
mental concepts of science, especially on those of force
and matter, have formed part of the author’s teaching
since he was first called upon (1882) to think how the
elements of dynamical science could be presented free
from metaphysics to young students. DBut the endeavour
to put them into popular language only dates from the
author’s appointment, in 1891, to Sir Thomas Gresham’s
professorship in geometry. The substance of this work
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formed the topic of two introductory courses on the
Scope and Concepts of Modern Science. Gresham College
is but the veriest shred of what its founder hoped and
dreamt it would become—a great teaching university
for London—but the author in writing this volume,
whatever its failings, felt that as far as in him lay he
was endeavouring to return to the precedent set by the
earlier and more distinguished of his predecessors in the
chair of geometry. To restore the chair and the college
to its pristine importance is work well worth doing, but
it lies in the hands of men hardly trained to appreciate
the social value of science and general culture.

This Grammar of Science, imperfect as it is, would
have been still more wanting but for the continual help
and sympathy of several kind friends. Mr. W. H.
Macaulay of King’s College, Cambridge, has given aid
in many ways, ever trying to keep the author’s scientific
radicalism within moderate and reasonable bounds. To
his friend, Mr. R. J. Parker of Lincoln’s Inn, the author
is indebted for a continuation of that careful and
suggestive revision which he has for the last ten years
given to nearly everything the author has written.
Especially, however, his thanks are due to Dr. R. J. Ryle
of Barnet, whose logical mind and wide historical reading
have produced a “betterment,” which gives him almost
a tenant-right in these pages. Lastly, the author has to
thank his friend and former pupil, Miss Alice Lee,
Assistant-Lecturer in Physics at Bedford College, London,
for the preparation of the index and for several important
corrections.

KARL PEARSON.

GresHAM COLLEGE, LONDON,
Janxary 1892.
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THE GRAMMAR OF SCIENCE

CHAPTER 1

INTRODUCTORY—THE SCOPE AND METHOD OF
SCIENCE

§ 1.—The Need of the Present

WITHIN the past forty years so revolutionary a change
has taken place in our appreciation of the essential facts
in the growth of human society, that it has become
necessary not only to rewrite history, but to profoundly
modify our theory of life and gradually, but none the less
certainly, to adapt our conduct to the novel theory. The
insight which the investigations of Darwin, seconded by
the suggestive but far less permanent work of Spencer,
have given us into the development of both individual and
social life, has compelled us to remodel our historical ideas
and is slowly widening and consolidating our moral
standards. This slowness ought not to dishearten us, for
one of the strongest factors of social stability is the inert-
ness, nay, rather active hostility, with which human
societies receive all new ideas. It is the crucible in which
the dross is separated from the genuine metal, and which
saves the body-social from a succession of unprofitable
and possibly injurious experimental variations. That the
reformer should often be also the martyr is, perhaps, a not
over-great price to pay for the caution with which society
as a whole must move ; it may require years to replace a
great leader of men, but a stable and efficient society can
only be the outcome of centuries of development.
I
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If we have learnt, it may be indirectly, from the writ-
ings of Darwin that the methods of production, the mode
of holding property, the forms of marriage, the organisa-
tions of the family and of the commune are the essential
factors which the historian has to trace in the growth of
human society ; if in our history books we are ceasing to
head periods with the names of monarchs and to devote
whole paragraphs to their mistresses, still we are far indeed
from clearly grasping the exact interaction of the various
factors of social evolution, or from understanding why one
becomes predominant at this or that epoch. We can
indeed note periods of great social activity and others of
apparent quiescence, but it is probably only our ignorance
of the exact course of social evolution which leads us to
assign fundamental changes in social institutions either to
individual men or to reformations and revolutions. We
associate, it is true, the German Reformation with a re-
placement of collectivist by individualist standards, not
only in religion but also in handicraft, art, and politics.
The French Revolution in like manner is the epoch from
which many are inclined to date the rebirth of those social
ideas which have largely remoulded the mediaeval relations
of class and caste, relations little affected by the sixteenth-
century Reformation. Coming somewhat nearer to our
own time, we can indeed measure with some degree of
accuracy the social influence of the great changes in the
methods of production, the transition from home to
capitalistic industry, which transformed English life in the
first half of last century, and has since made its way
throughout the civilised world. But when we actually
reach our own age, an age one of the most marked
features of which is the startlingly rapid growth of the
natural sciences and their far-reaching influence on the
standards of both the comfort and the conduct of human
life, we find it impossible to compress its social history
into the bald phrases by which we attempt to connote
the characteristics of more distant historical epochs.

It is very difficult for us who live in the first years of
the twentieth century to rightly measure the relative
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importance of what our age is doing in the history of civil-
isation. In the first place, we can look at it only from one
standpoint—that of the pasz. It needed at least an
Erasmus to predict the outcome of the Reformation from
all that preceded the Diet of Worms. Or to adopt a
metaphor, a blind man climbing a hill might have a con-
siderable appreciation of the various degrees of steepness
in the parts he had traversed, and he might even have a
reasonable amount of certainty as to the slope whereon
he was standing for the time being, but whether that slope
led immediately to a steeper ascent, or was practically the
top, it would be impossible for him to say. In the next
place, we are too close to our age, both in position and feel-
ing, to appreciate without foreshortening and personal
prejudice the magnitude of the changes which are un-
doubtedly taking place.

The contest of opinion in nearly every field of thought
—the struggle of old and new standards in every sphere
of activity, in religion, in commerce, in social life—touch
the spiritual and physical needs of the individual far too
nearly for him to be a dispassionate judge of the age in
which he lives. That we play our parts in an era of
rapid social change can scarcely be doubted by any one
who regards attentively the marked contrasts presented
by our modern society. It is an era alike of great self-
assertion and of excessive altruism ; we see the highest in-
tellectual power accompanied by the strangest recrudescence
of superstition; there is a strong socialist drift and yet
not a few remarkable individualist teachers ; the extremes
of religious faith and of unequivocal freethought are found
jostling each other. Nor do these opposing traits exist
only in close social juxtaposition. The same individual
mind, unconscious of its own want of logical consistency,
will often exhibit our age in microcosm.

It is little wonder that we have hitherto made small
advance towards a common estimate of what our time is
really contributing to the history of human progress. The
one man finds in our age a restlessness, a distrust of
authority, a questioning of the basis of all social institutions
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and long-established methods—characteristics which mark
for him a decadence of social unity, a collapse of the time-
honoured principles which he conceives to be the sole
possible guides of conduct. A second man with a different
temperament pictures for us a golden age in the near
future, when the new knowledge shall be diffused through
the people, and when those modern notions of human
relations, which he finds everywhere taking root, shall
finally have supplanted worn-out customs.

One teacher propounds what is flatly contradicted by
a second. “We want more piety,” cries one; “ We must
have less,” retorts another. “State interference in the
hours of labour is absolutely needful,” declares a third;
“It will destroy all individual initiation and self-depend-
ence,” rejoins a fourth. “The salvation of the country
depends upon the technical education of its workpeople,”
is the shout of one party ; “Technical education is merely
a trick by which the employer of labour thrusts upon the
nation the expense of providing himself with better human
machines,” is the prompt answer of its opponents. “ We
need more private charity,” say some ; “ All private charity
is an anomaly, a waste of the nation’s resources and a
pauperising of its members,” reply others. “Endow
scientific research and we shall know the truth, when and
where it is possible to ascertain it”; but the counterblast
is at hand: “To endow research is merely to encourage
the research for endowment ; the true man of science will
not be held back by poverty, and if science is of use to
us, it will pay for itself.” Such are but a few samples of
the conflict of opinion which we find raging around us.
The prick of conscience and the spur of highly wrought
sympathy have succeeded in arousing a wonderful restless-
ness in our generation—and this at a time when the
advance of positive knowledge has called in question
many old customs and old authorities. It is true that
there are but few remedies which have not a fair chance
to-day of being put upon their trial. Vast sums of money
are raised for every sort of charitable scheme, for popular
entertainment, for technical instruction, and even for
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higher education—in short, for religious, semi-religious,
and non-religious movements of all types. Out of this
chaos ought at least to come some good; but how shall
we set the good against the evil which too often arises
from ill-defined, or even undefined, appropriation of those
resources which the nation has spared by the hard labour
of the past, or can obtain by drawing on the future’s
credit?

The responsibility of individuals, especially with regard
to wealth, is great, so great that we see a growing tendency
of the state to interfere in the administration of private
charities and to regulate the great educational institutions
endowed by private or semi-public benefactions in the
past. But this tendency to throw back the responsibility
from the individual upon the state is really only throwing
it back on the social conscience of the citizens as a body
—the “tribal conscience,” as Professor Clifford was wont
to call it. The wide extension of the franchise for both
local and central representation has cast a greatly in-
creased responsibility on the individual citizen. He is
brought face to face with the most conflicting opinions
and with the most diverse party cries. The state has
become in our day the largest employer of labour, the
greatest dispenser of charity, and, above all, the school-
master with the biggest school in the community. Directly
or indirectly the individual citizen has to find some reply
to the innumerable social and educational problems of the
day. He requires some guide in the determination of his
own action or in the choice of fitting representatives. He
is thrust into an appalling maze of social and educational
problems; and if his tribal conscience has any stuff in it,
he feels that these problems ought not to be settled, so
far as he has the power of settling them, by his own
personal interests, by his individual prospects of profit or
loss. He is called upon to form a judgment apart, if it
possibly may be, from his own feelings and emotions—a
judgment in what he conceives to be the interests of
society at large. It may be a difficult thing for the large
employer of labour to form a right judgment in matters of
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factory legislation, or for the private schoolmaster to see
clearly in questions of state-aided education. None the
less we should probably all agree that the tribal conscience
ought for the sake of social welfare to be stronger than
private interest, and that the Zdea/ citizen, if he existed,
would form a judgment free from personal bias.

§ 2.—Science and Citizenship

How is such a judgment—so necessary in our time
with its hot conflict of individual opinions and its in-
creased responsibility for the individual citizen—how is
such a judgment to be formed? In the first place, it is
obvious that it can only be based on a clear knowledge of
facts, an appreciation of their sequence and relative
significance. The facts once classified, once understood,
the judgment based upon them ought to be independent
of the individual mind which examines them. Is there
any other sphere, outside that of ideal citizenship, in which
there is habitual use of this method of classifying facts and
forming judgments upon them ?  For if there be, it cannot
fail to be suggestive as to methods of eliminating indi-
vidual bias; it ought to be one of the best training
grounds for citizenship. The classification of facts .and
the formation of absolute judgments upon the. basis_of
this classification—judgments independent of the idio-
syncrasies of the individual mind—essentially sum up the
aim and method of modern science. The scientific man
has above all things to strive at self-elimination in his
judgments, to provide an argument which is as true for
each individual mind as for his own. 7/e classification of
Jacts, the recognition of their sequence and relative significance
is the function of science, and the habit of forming a judg-
ment upon these facts unbiassed by personal feeling is
characteristic of what may be termed the scientific frame
of mind. The scientific method of examining facts is not
peculiar to one class of phenomena and to one class of
workers ; it is applicable to social as well as to physical
problems, and we must carefully guard ourselves against
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supposing that the scientific frame of mind is a peculiarity
of the professional scientist.

Now this frame of mind seems to me an essential of
good citizenship, and of the several ways in which it can
be acquired few surpass the careful study of some one
branch of natural science. The insight into method and
the habit of dispassionate investigation which follow from
acquaintance with the scientific classification of even some
small range of natural facts, give the mind an invaluable
power of dealing with other classes of facts as the occasion
arises.! The patient and persistent study of some one
branch of natural science is even at the present time
within the reach of many. In some branches a few hours’
study a week, if carried on earnestly for two or three
years, would be not only sufficient to give a thorough
insight into scientific method, but would also enable the
student to become a careful observer and possibly an
original investigator in his chosen field, thus adding a new
delight and a new enthusiasm to his life. = The importance
of a just appreciation of scientific method is so great, that I
think the state may be reasonably called upon to place in-
struction in pure science within the reach of all its citizens.
Indeed, we ought to look with extreme distrust on the large
expenditure of public money on polytechnics and similar in-
stitutions, if the manual instruction which it is proposed to
give at these places be not accompanied by efficient teach-
ing in pure science. The scientific habit of mind is one
which may be acquired by all, and the readiest means of
attaining to it ought to be placed within the reach of all.

The reader must be careful to note that I am only
praising the scientific habit of mind, and suggesting one

1 To decry specialisation in education is to misinterpret the purpose ot
education. The true aim of the teacher must be to impart an appreciation of
method and not a knowledge of facts. This is far more readily achieved by
concentrating the student’s attention on a small range of phenomena, than by
leading him in rapid and superficial survey over wide fields of knowledge.
Personally I have no recollection of at least go per cent of the facts that were
taught to me at school, but the notions of metkod which I derived from my
instructor in Greek Grammar (the contents of which I have long since
forgotten) remain in my mind as the really valuable part of my school
equipment for life.
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of several methods by which it may be cultivated. No
assertion has been made that the man of science is
necessarily a good citizen, or that his judgment upon
social or political questions will certainly be of weight. It
by no means follows that, because a man has won a name
for himself in the field of natural science, his judgments
on such problems as Socialism, Home Rule, or Biblical
Criticism will necessarily be sound. They will be sound
or not according as he has carried his scientific method
into these fields. He must properly have classified and
appreciated his facts, and have been guided by them, and
not by personal feeling or class bias in his judgments. It
is the scientific habit of mind as an essential for good
citizenship and not the scientist as a sound politician that
I wish to emphasise.

§ 3.—T/e First Claim of Modern Science

I have gone a rather roundabout way to reach my
definition of science and scientific method. But it has
been of purpose, for in the spirit—and it is a healthy
spirit—of our age we are accustomed to question all
things and to demand a reason for their existence. The
sole reason that can be given for any social institution or
form of human activity—I mean not how they came to
exist, which is a matter of history, but why we continue
to encourage their existence—lies in this: their existence
tends to promote the welfare of human society, to increase
social happiness, or to strengthen social stability. In the
spirit of our age we are bound to question the value of
science ; to ask in what way it increases the happiness of
mankind or promotes social efficiency. We must justify
the existence of modern science, or at least the large and
growing demands which it makes upon the national
exchequer. Apart from the increased physical comfort,
apart from the intellectual enjoyment which modern
science provides for the community—points often and
loudly insisted upon and to which I shall briefly refer
later—there is another and more fundamental justification
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for the time and energy spent in scientific work. From
the standpoint of morality, or from the relation of the
individual unit to other members of the same social
group, we have to judge each human activity by its
outcome in conduct. How, then, does science justify
itself in its influence on the conduct of men as citizens?
I assert that the encouragement of scientific investigation
and the spread of scientific knowledge by largely incul-
cating scientific habits of mind will lead to more efficient
citizenship and so to increased social stability. Minds
trained to scientific methods are less likely to be led by
mere appeal to the passions or by blind emotional excite-
ment to sanction acts which in the end may lead to social
disaster. In the first and foremost place, therefore, I lay
stress upon the educational side of modern science, and
state my position in some such words as these :—

Modern Science, as training the mind to an exact and
impartial analysis of facts, is an education specially fitted to
promote sound citizenship.

Our first conclusion, then, as to the value of science
for practical life turns upon the efficient training it pro-
vides in method. The man who has accustomed himself
to marshal facts, to examine their complex mutual rela-
tions, and predict upon the result of this examination
their inevitable sequences—sequences which we term
natural laws and which are as valid for every normal
mind as for that of the individual investigator—such a
man, we may hope, will carry his scientific method into
the field of social problems. He will scarcely be content:
with merely superficial statement, with vague appeal to the
imagination, to the emotions, to individual prejudices.
He will demand a high standard of reasoning, a clear
insight into facts and their results, and his demand cannot
fail to be beneficial to the community at large.

§ 4—Essentials of Good Science

I want the reader to appreciate clearly that science
justifies itself in its methods, quite apart from any service-
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able knowledge it may convey. We are too apt to forget
this purely educational side of science in the great value
of its practical applications. We see too often the plea
raised for science that it is wseful/ Fknowledge, while
philology and philosophy are supposed to have small
utilitarian or commercial value. Science, indeed, often
teaches us facts of primary importance for practical life ;
yet not on this account, but because it leads us to classi-
fications and systems independent of the individual thinker,
to sequences and laws admitting of no play-room for in-
dividual fancy, must we rate the training of science and
its social value higher than those of philology and philo-
sophy. Herein lies the first, but of course not the sole,
ground for the popularisation of science. That form of
popular science which merely recites the results of in-
vestigations, which merely communicates usefu/ knowledge,
is from this standpoint bad science, or no science at all.
Let me recommend the reader to apply this test to every
work professing to give a popular account of any branch
of science. If any such work gives a description of
phenomena that appeals to his imagination rather than
to his reason, then it is bad science. The first aim of
any genuine work of science, however popular, ought to
be the presentation of such a classification of facts that
the reader’s mind is irresistibly led to acknowledge a
logical sequence—a law which appeals to the reason
before it captivates the imagination. Let us be quite
sure that whenever we come across a conclusion in a
scientific work which does not flow from the classification
of facts, or which is not directly stated by the author to
be an assumption, then we are dealing with bad science.
Good science will always be intelligible to the logically
trained mind, if that mind can read and translate the
language in which science is written. The scientific
method is one and the same in all branches, and that
method is the method of all logically trained minds.
In this respect the great classics of science are often the
most intelligible of books, and if so, are far better worth
rcading than popularisations of them written by men with
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less insight into scientific method. Works like Darwin’s
Origin of Species and Descent of Man, Lyell's Principles of
Geology, Helmholtz’s Sensations of Tone, or Galton’s Natural
Inheritance, can be profitably read and largely under-
stood by those who are not specially trained in the several
branches of science with which these works deal! It may
need some patience in the interpretation of scientific terms,
in learning the language of science, but like most cases in
which a new language has to be learnt, the comparison of
passages in which the same word or term recurs, will soon
lead to a just appreciation of its true meaning. In the
matter of language the descriptive natural sciences such as
geology or biology are more easily accessible to the lay-
man than the exact sciences such as algebra or mechanics,
where the reasoning process must often be clothed in
mathematical symbols, the right interpretation of which
may require months, if not years, of study. To this dis-
tinction between the descriptive and exact sciences I
propose to return later, when we are dealing with the
classification of the sciences.

I would not have the reader suppose that the mere
perusal of some standard scientific work will, in my opinion,
produce a scientific habit of mind. I only suggest that it
will give some insight into scientific method and some
appreciation of its value. Those who can devote persist-
ently some four or five hours a week to the conscientious
study of any oze limited branch of science will achieve in
the space of a year or two much more than this. The
busy layman is not bound to seek about for some branch
which will give him useful facts for his profession or occu-
pation in life. It does not indeed matter for the purpose
we have now in view whether he seek to make himself
proficient in geology, or biology, or geometry, or mechanics,
or even history or folklore, if these be studied scientifically.
What is necessary is the thorough knowledge of some
small group of facts, the recognition of their relationship

! The list might be easily increased, for example by W. Harvey’s 4na-
tomical Dissertation on the Motion of the Heart and Blood, and by Faraday’s
Experimental Researches.



12 THE GRAMMAR OF SCIENCE

to each other, and of the formulae or laws which express
scientifically their sequences. It is in this manner that
the mind becomes imbued with the scientific method and
freed from individual bias in the formation of its judg-
ments—one of the conditions, as we have seen, for ideally
good citizenship. This first claim of scientific training,
its education in method, is to my mind the most powerful
claim it has to state support. 1 believe more will be
achieved by placing instruction in pure science within the
reach of all our citizens, than by any number of poly-
technics devoting themselves to technical education, which
does not rise above the level of manual instruction.

§ 5.—The Scope of Science

The reader may perhaps feel that I am laying stress
upon method at the expense of material content. Now
this is the peculiarity of scientific method, that when once
it has become a habit of mind, that mind converts @// facts
whatsoever into science. The field of science is unlimited ;
its material is endless, every group of natural phenomena,
every phase of social life, every stage of past or present
development is material for science. T/e unity of all
Science consists alone in its wmethod, not in its material.
The man who classifies facts of any kind whatever, who
sees their mutual relation and describes their sequences, is
applying the scientific method and is a man of science.
The facts may belong to the past history of mankind, to
the social statistics of our great cities, to the atmosphere
of the most distant stars, to the digestive organs of a
worm, or to the life of a scarcely visible bacillus. It is
not facts themselves which make science, but the
method by which they are dealt with. The material of
science is co-extensive with the whole physical universe, not
only that universe as it now exists, but with its past history
and the past history of all life therein. When every fact,
every present or past phenomenon of that universe, every
phase of present or past life therein, has been examined,
classified, and co-ordinated with the rest, then the mission
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of science will be completed. What is this but saying that
the task of science can never end till man ceases to be, till
history is no longer made, and development itself ceases?
It might be supposed that science has made such
strides in the last two centuries, and notably in the last
fifty years, that we might look forward to a day when its
work would be practically accomplished. At the begin-
ning of this century it was possible for an Alexander von
Humboldt to take a survey of the entire domain of then
extant science. Such a survey would be impossible for
any scientist now, even if gifted with more than Hum-
boldt’s powers. Scarcely any specialist of to-day is really
master of all the work which has been done in his own
comparatively small field. Facts and their classification
have been accumulating at such a rate, that nobody seems
to have leisure to recognise the relations of sub-groups to
the whole. It is as if individual workers in both Europe
and America were bringing their stones to one great
building and piling them on and cementing them together
without regard to any general plan or to their individual
neighbour’s work ; only where some one has placed a
great corner-stone is it regarded, and the building then
rises on this firmer foundation more rapidly than at other
points, till it reaches a height at which it is stopped for
want of side support. Yet this great structure, the pro-
portions of which are beyond the ken of any individual
man, possesses a symmetry and unity of its own, not-
withstanding its haphazard mode of construction. This
symmetry and unity lie in scientific method. ~The smallest
group of facts, if properly classified and logically dealt
with, will form a stone which has its proper place in the
great building of knowledge, wholly independent of the
individual workman who has shaped it. Even when two
men work unwittingly at the same stone they will but
modify and correct each other’s angles. In the face of
all this enormous progress of modern science, when in all
civilised lands men are applying the scientific method to
natural, historical, and mental facts, we have yet to admit
that the goal of science is and must be infinitely distant.
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For we must note that when from a sufficient if partial
classification of facts a simple principle has been discovered
which describes the relationship and sequences of any
group, then this principle or law itself generally leads to
the discovery of a still wider range of hitherto unregarded
phenomena in the same or associated fields.! Every great
advance of science opens our eyes to facts which we had
failed before to observe, and makes new demands on our
powers of interpretation. This extension of the material
of science into regions where our great-grandfathers could
see nothing at all, or where they would have declared
human knowledge impossible, is one of the most remark-
able features of modern progress. Where they interpreted
the motion of the planets of our own system, we discuss
the chemical constitution of stars, many of which did not
exist for them, for their telescopes could not reach them.
Where they discovered the circulation of the blood, we
see the physical conflict of living poisons within the blood,
whose battles would have been absurdities for them.
Where they found void and probably demonstrated to
their own satisfaction that there was void, we conceive
great systems in rapid motion capable of carrying energy
through brick walls as light passes through glass. Great
as the advance of scientific knowledge has been, it has
not been greater than the growth of the material to be
dealt with. The goal of science is clear—it is nothing
short of the complete interpretation of the universe. But
the goal is an ideal one—it marks the dzrection in which
we move and strive, but never a stage we shall actually
reach. The universe grows ever larger as we learn to
understand more of our own corner of it.

§ 6.—Science and Metaphysics

Now I want to draw the reader’s attention to two
results which flow from the above considerations, namely :
1 For example, while in the last two decades our theory of light and mag-

netism has advanced by leaps and bounds, we have at the same time discovered
wide ranges of novel phenomena, of which we had previously no cognisance.
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that the material of science is coextensive with the whole
life, physical and mental, of the universe, and furthermore
that the limits to our perception of the universe are only
apparent, not real. It is no exaggeration to say that the
universe was not the same for our great-grandfathers as it
is for us, and that in all probability it will be utterly
different for our great-grandchildren. The universe is a
variable quantity, which depends upon the keenness and
structure of our organs of sense, and upon the fineness of
our powers and instruments of observation. We shall see
more clearly the important bearing of this latter remark
when we come to discuss more closely in another chapter
how the universe is largely the construction of each indi-
vidual mind. For the present we must briefly consider
the former remark, which defines the unlimited scope of
science. To say that there are certain fields—for example,
metaphysics—{rom which science is excluded, wherein its
methods have no application, is merely to say that the
rules of methodical observation and the laws of logical
thought do not apply to the facts, if any, which lie within
such fields. These fields, if indeed such exist, must lie
outside any intelligible definition which can be given of
the word Anowledge. 1f there are facts, and sequences to
be observed among those facts, then we have all the
requisites of scientific classification and knowledge. If
there are no facts, or no sequences to be observed among
them, then the possibility of @/ knowledge disappears.
The greatest assumption of everyday life—the inference
which the metaphysicians tell us is wholly beyond science
—namely, that other beings have consciousness as well as
ourselves, seems to have just as much or as little scientific
validity as the statement that an earth-grown apple would
fall to the ground if carried to the planet of another star.
Both are beyond the range of experimental demonstration,
but to assume uniformity in the characteristics of brain
“matter” under certain conditions seems as scientific as
to assume uniformity in the characteristics of stellar
“matter.” Both are only working hypotheses and valu-
able in so far as they simplify our description of the



16 THE GRAMMAR OF SCIENCE

universe. Yet the distinction between science and meta-
physics is often insisted upon, and not unadvisedly, by
the devotees of both. If we take any group of physical
or biological facts—say, for example, electrical phenomena
or the development of the ovum—we shall find that,
though physicists or biologists may differ to some extent
in their measurements or in their hypotheses, yet in the
fundamental principles and sequences the professors of
each individual science are in practical agreement among
themselves. A similar if not yet so complete agreement
is rapidly springing up in both mental and social science,
where the facts are more difficult to classify and the bias
of individual opinion is much stronger. Our more
thorough classification, however, of the facts of human
development, our more accurate knowledge of the early
history of human societies, of primitive customs, laws,
and religions, our application of the principle of natural
selection to man and his communities, are converting
anthropology, folklore, sociology, and psychology into
true sciences. We begin to see indisputable sequences
in groups of both mental and social facts. The causes
which favour the growth or decay of human societies
become more obvious and more the subject of scientific
investigation. = Mental and social facts are thus not
beyond the range of scientific treatment, but their
classification has not been so complete, nor for obvious
reasons so unprejudiced, as those of physical or biological
phenomena.

The case is quite different with metaphysics and those
other supposed branches of human knowledge which claim
exemption from scientific control.! Either they are based
on an accurate classification of facts, or they are not. But
if their classification of facts were accurate, the application

1 It is perhaps impossible to satisfactorily define the metaphysician, but
the meaning attached by the present writer to the term will become clearer in
the sequel. It is here used to denote a class of writers, of whom well-known
examples are : Kant, in his later uncritical period (when he discovered that
the universe was created in order that man might have a sphere for moral
action !); the post-Kantians (notably Hegel and Schopenhauer), and their
numerous English disciples, who ¢‘ explain” the universe without having even
an elementary knowledge of physical science.
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of the scientific method ought to lead their professors to
a practically identical system. Now one of the idiosyn-
crasies of metaphysicians lies in this: that each meta-
physician has his own system, which to a large extent
excludes that of his predecessors and colleagues. Hence
we must conclude that metaphysics are built either on air
or on quicksands—either they start from no foundation
in facts at all, or the superstructure has been raised before
a basis has been found in the accurate classification of
facts. I want to lay special stress on this point. There
is no short cut to truth, no way to gain a knowledge of
the universe except through the gateway of scientific
method. The hard and stony path of classifying facts
and reasoning upon them is the only way to ascertain
truth. It is the reason and not the imagination which
must ultimately be appealed to. The poet may give us
in sublime language an account of the origin and purport
of the universe, but in the end it will not satisfy our
aesthetic judgment, our idea of harmony and beauty, like
the few facts which the scientist may venture to tell us
in the same field. The one will agree with all our ex-
periences past and present, the other is sure, sooner or
later, to contradict our observation because it propounds a
dogma, where we are yet far from knowing the whole truth.
Our aesthetic judgment demands harmony between the
representation and the represented, and in this sense
science is often more artistic than modern art.

The poet is a valued member of the community, for
he is known to be a poet; his value will increase as he
grows to recognise the deeper insight into nature with
which modern science provides him. The metaphysician
is a poet, often a very great one, but unfortunately he is
not known to be a poet, because he strives to clothe his
poetry in the language of reason, and hence it follows that
he is liable to be a dangerous member of the community.
The danger at the present time that metaphysical
dogmas may check scientific research is, perhaps, not very
great. The day has gone by when the Hegelian philo-
sophy threatened to strangle infant science in Germany ;
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—that it begins to languish at Oxford is a proof
that it is practically dead in the country of its birth.
The day has gone by when philosophical or theological
dogmas of any kind can throw back for generations the
progress of scientific investigation. There is no restric-
tion now on research in any field, or on the publication
of the truth when it has been reached. But there is
nevertheless a danger which we cannot afford to disregard,
a danger which retards the spread of scientific knowledge
among the unenlightened, and which flatters obscurantism
by discrediting the scientific method. There is a certain
school of thought which finds the laborious process by
which science reaches truth too irksome ; the temperament
of this school is such that it demands a short and easy
cut to knowledge, where knowledge can only be gained,
if at all, by the long and patient toiling of many groups
of workers, perhaps through several centuries. There are
various fields at the present day wherein mankind is
ignorant, and the honest course for us is simply to confess
our ignorance. This ignorance may arise from the want
of any proper classification of facts, or because supposed
facts are themselves inconsistent, unreal creations of un-
trained minds. But because this ignorance is frankly
admitted by science, an attempt is made to fence off
these fields as ground which science cannot profitably till,
to shut them up as a preserve whereon science has no
business to trespass. Wherever science has succeeded in
ascertaining the truth, there, according to the school we
have referred to, are the “legitimate problems of science.”
Wherever science is yet ignorant, there, we are told, its
method is inapplicable ; there some other relation than
cause and effect (than the same sequence recurring with
the like grouping of phenomena), some new but undefined
relationship rules. In these fields, we are told, problems
become philosophical and can only be treated by the
method of philosophy. The philosophical method is op-
posed to the scientific method ; and here, I think, the
danger I have referred to arises. We have defined the
scientific method to consist in the orderly classification of
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facts followed by the recognition of their relationship and
recurring sequences. The scientific judgment is the judg-
ment based upon this recognition and free from personal
bias. If this were the philosophical method there would
be no need of further discussion, but as we are told the
subject-matter of philosophy is not the “legitimate problem
of science,” the two methods are presumably not identical.
Indeed the philosophical method seems based upon an
analysis which does not start with the classification of
facts, but reaches its judgments by some obscure process of
internal cogitation. It is therefore dangerously liable to
the influence of individual bias; it results, as experience
shows us, in an endless number of competing and contra-
dictory systems. It is because the so-called philosophical
method does not, when different individuals approach the
same range of facts,' lead, like the scientific, to practical
unanimity of judgment, that science, rather than philo-
sophy, offers the better training for modern citizenship.

§ 7.—The Ignorance of Science

It must not be supposed that science for a moment
denies the existence of some of the problems which have
hitherto been classed as philosophical or metaphysical
On the contrary, it recognises that a great variety of
physical and biological phenomena lead directly to these
problems.  But it asserts that the methods hitherto
applied to these problems have been futile, because they
have been unscientific. The classifications of facts hitherto
made by the system-mongers have been hopelessly in-
adequate or hopelessly prejudiced. Until the scientific
study of psychology, both by observation and experiment,
has advanced immensely beyond its present limits—and
this may take generations of work—science can only
answer to the great majority of “metaphysical ” problems,

1 This statement by no means denies the existence of many moot points,
unsettled problems in science ; but the genuine scientist admi?s that they are
unsolved. As a rule they lie just on the frontier line between knowledge and

ignorance, where the pioneers of science are pushing forward into unoccupied
and difficult country.
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“I am ignorant.” Meanwhile it is idleto be impatient or
to indulge in system-making. The cautious and laborious
classification of facts must have proceeded much further
than at present before the time will be ripe for drawing
conclusions.

Science stands now with regard to the problems of
life and mind in much the same position as it stood with
regard to cosmical problems in the seventeenth century.
Then the system-mongers were the theologians, who
declared that cosmical problems were not the “legitimate
problems of science.” It was vain for Galilei to assert
that the theologians’ classification of facts was hopelessly
inadequate. In solemn congregation assembled they
settled that:—

“ The doctrine that the eartl is neither the centre of the
universe nor iinmovable, but noves even with a daily rotation,
s absurd, and both philosophically and theologically false,
and at the least an error of faith'!

It took nearly two hundred years to convince the
whole theological world that cosmical problems were the
legitimate problems of science and science alone, for in
1819 the books of Galilei, Copernicus, and Keppler were
still upon the index of forbidden books, and not till 1822
was a decree issued allowing books teaching the motion
of the earth about the sun to be printed and published in
Rome !

I have cited this memorable example of the absurdity
which arises from trying to pen science into a limited
field of thought, because it seems to me exceedingly
suggestive of what must follow again, if any attempt,
philosophical or theological, be made to define the “legiti-
mate problems of science.” Wherever there is the slightest
possibility for the human mind to Anow, there is a
legitimate problem of science. Outside the field of actual
knowledge can only lie a region of the vaguest opinion

1« Terram non esse centrum Mundi, nec immobilem, sed moveri motu
etiam diurno, est item propositio absurda, el falsa in Philosophia, et Theologice
considerata ad minus erronea in fide” (Congregation of Prelates and
Cardinals, June 22, 1633).
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and imagination, to which unfortunately men too often,
but still with decreasing prevalence, pay higher respect
than to knowledge.

We must here investigate a little more closely what
the man of science means when he says, “ Here [/ am
ignorant.” In the first place, he does not mean that
the method of science is necessarily inapplicable, and
accordingly that some other method is to be sought for.
In the next place, if the ignorance really arises from the
inadequacy of the scientific method, then we may be quite
. sure that no other method whatsoever will reach the
truth. The ignorance of science means the enforced
ignorance of mankind. I should be sorry myself to
assert that there is any field of either mental or physical
perceptions which science may not in the long course of
centuries enlighten. Who can give us the assurance that
the fields already occupied by science are alone those in
which knowledge is possible? 1Vho, in the words of
Galilei, is willing to set limits to the human intellect?
It is true that this view is not held by several leading
scientists, both in this country and Germany. They are
not content with saying, “ We are ignorant,” but they add,
with regard to certain classes of facts, “ Mankind must
always be ignorant.” Thus in England Professor Huxley
has invented the term Agwostic, not so much for those
who are ignorant as for those who limit the possibility
of knowledge in certain fields. In Germany Professor
E. du Bois-Reymond has raised the cry, “ Ignorabinus”
(“ We shall be ignorant”), and both his brother and he
have undertaken the difficult task of demonstrating that
with regard to certain problems human knowledge is
impossible.! ., We must, however, note that in these cases
we are not concerned with the limitation of the scientific
method, but with the denial of the possibility that any
method whatever can lead to knowledge. Now I venture
to think that there is great danger in this cry, “ We skal/
be ignorant.” To cry “We are ignorant” is safe and

1 See especially Paul du Bois-Reymond : Uber dic Grundiagen der
Erkenntnis in den exacten Wissenschaften. Tiibingen, 1890.
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healthy, but the attempt to demonstrate an endless futurity
of ignorance appears a modesty which approaches despair.
Conscious of the past great achievements and the present
restless activity of science, may we not do better to accept
as our watchword that sentence of Galilei: “Who is
willing to set limits to the human intellect? "—interpreting
it by what evolution has taught us of the continual growth
of man’s intellectual powers.

Scientific ignorance may, as I have remarked (p. 18),
either arise from an insufficient classification of facts, or
be due to the unreality of the facts with which science
has been called upon to deal. Let us take, for example,
fields of thought which were very prominent in mediaeval
times, such as alchemy, astrology, witchcraft. In the
fifteenth century nobody doubted the “facts” of astrology
and witchcraft. Men were ignorant as to how the stars
exerted their influence for good or ill ; they did not know
the exact mechanical process by which all the milk in a
village was turned blue by a witch. But for them it was
nevertheless a fact that the stars did influence human
lives, and a fact that the witch had the power of turning
the milk blue. Have we solved the problems of astrology
and witchcraft to-day ?

Do we now know how the stars influence human lives,
or how witches turn milk blue? Not in the least. We
have learnt to look upon the facts themselves as unreal,
as vain imaginings of the untrained human mind ; we have
learnt that they could not be described scientifically
because they involved notions which were in themselves
contradictory and absurd. With alchemy the case was
somewhat different. Here a false classification of real
facts was combined with inconsistent sequences—that is,
sequences not deduced by a rational method. So soon as
science entered the field of alchemy with a true classifi-
cation and a true method, alchemy was converted into
chemistry and became an important branch of human
knowledge. Now it will, I think, be found that the fields
of inquiry, where science has not yet penetrated and where
the scientist still confesses ignorance, are very like the
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alchemy, astrology, and witchcraft of the Middle Ages.
Either they involve facts which are in themselves unreal
—conceptions which are self-contradictory and absurd, and
therefore incapable of analysis by the scientific or any
other method,—or, on the other hand, our ignorance arises
from an inadequate classification and a neglect of scientific
method.

This is the actual state of the case with those mental
and spiritual phenomena which are said to lie outside the
proper scope of science, or which appear to be disregarded
by scientific men. No better example can be taken than
the range of phenomena which are entitled Spiritualism.
Here science is asked to analyse a series of facts which
are to a great extent unreal, which arise from the vain
imaginings of untrained minds and from atavistic tendencies
to superstition. So far as the facts are of this character,
no account can be given of them, because, like the witch’s
supernatural capacity, their unreality will be found at
bottom to make them self-contradictory. Combined,
however, with the unreal series of facts are probably
others, connected with hypnotic and other conditions,
which are real and only incomprehensible because there
is as yet scarcely any intelligent classification or true
application of scientific method. The former class of facts
will, like astrology, never be reduced to law, but will one
day be recognised as absurd; the other, like alchemy,
may grow step by step into an important branch of
science. Whenever, therefore, we are tempted to desert
the scientific method of seeking truth, whenever the silence
of science suggests that some other gateway must be
sought to knowledge, let us inquire first whether the
elements of the problem, of whose solution we are ignorant,
may not after all, like the facts of witchcraft, arise from
a superstition, and be self-contradictory and incompre-
hensible because they are unreal.

If on inquiry we ascertain that the facts cannot
possibly be of this class, we must then remember that it
may require long ages of increasing toil and investigation
before the classification of the facts can be so complete
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that science can express a definite judgment on their
relationship. Let us suppose that the Emperor Karl V.
had said to the learned of his day: “I want a method by
which I can send a message in a few seconds to that new
world, which my mariners take weeks in reaching. Put
your heads together and solve the problem.” Would they
not undoubtedly have replied that the problem was
impossible? To propose it would have seemed as ridicu-
lous to them as the suggestion that science should
straightway solve many problems of life and mind seems
to the learned of to-day. It required centuries spent in
the discovery and classification of new facts before the
Atlantic cable became a possibility. It may require the
like or even a longer time to unriddle those psychical and
biological enigmas to which I have referred ; but he who
declares that they can never be solved by the scientific
method is to my mind as rash as the man of the early
sixteenth century would have been had he declared it
utterly impossible that the problem of talking across the
Atlantic Ocean should ever be solved.

§ 8.—The Wide Domain of Science

If T have put the case of science at all correctly,
the reader will have recognised that modern science does
much more than demand that it shall be left in undis-
turbed possession of what the theologian and metaphysician
please to term its “legitimate field.” It claims that the
whole range of phenomena, mental as well as physical—
the entire universe—is its field. It asserts that the
scientific method is the sole gateway to the whole region
of knowledge. The word science is here used in no
narrow sense, but applies to all reasoning about facts
which proceeds, from their accurate classification, to the
appreciation of their relationship and sequence. The
touchstone of science is the universal validity of its results
for all normally constituted and duly instructed minds.
Because the glitter of the great metaphysical systems
becomes as dross when tried by this touchstone, we are
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compelled to classify them as interesting works of the
imagination, and not as solid contributions to human
knowledge.

Although science claims the whole universe as its
field, it must not be supposed that it has reached, or ever
can reach, complete knowledge in every department. Far
from this, it confesses that its ignorance is more widely
extended than its knowledge. In this very confession of
ignorance, however, it finds a safeguard for future progress.
Science cannot give its consent to man’s development
being some day again checked by the barriers which
dogma and myth are ever erecting round territory that
science has not yet effectually occupied. It cannot allow
theologian or metaphysician, those Portuguese of the
intellect, to establish a right to the foreshore of our
present ignorance, and so hinder the settlement in due
time of vast and yet unknown continents of thought. In
the like barriers erected in the past science finds some of
the greatest difficulties in the way of intellectual progress
and social advance at the present. It is the want of
impersonal judgment of scientific method, and of accurate
insight into facts, a want largely due to a non-scientific
training, which renders clear thinking so rare, and random
and irresponsible judgments so common, in the mass of
our citizens to-day. Yet these citizens, owing to the
growth of democracy, have graver problems to settle than
probably any which have confronted their forefathers
since the days of the Revolution.

§ 9.—The Second Claim of Science

Hitherto the sole ground on which we have considered
the appeal of modern science to the citizen is the indzrect
influence it has upon conduct owing to the more efficient
mental training which it provides. But we have further
to recognise that science can on occasion adduce facts
having far more direct bearing on social problems than
any theory of the state propounded by the philosophers
from the days of Plato to those of Hegel. I cannot bring
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home to the reader the possibility of this better than by
citing some of the conclusions to which the theory of
heredity elaborated by the German biologist Weismann
introduces us. Weismann’s theory lies on the borderland
of scientific knowledge ; his results are still open to dis-
cussion, his conclusions to modification.! But to indicate
the manner in which science can directly influence conduct,
we will assume for the time being Weismann’s main con-
clusion to be correct. One of the chief features of his
theory is the non-inheritance by the offspring of character-
istics acquired by the parents in the course of life. Thus
good or bad habits acquired by the father or mother in
their lifetime are not inherited by their children. The
effects of special training or of education on the parents
have no direct influence on the child before birth. The
parents are merely trustees who hand down their com-
mingled stocks to their offspring. From a bad stock can
come only bad offspring, and if a member of such a stock
is, owing to special training and education, an exception
to his family, his offspring will still be born with the old

. 2 . . . ) . .
taint® Now this conclusion of Weismann’s—if it be
valid, and all we can say at present is that the arguments
in favour of it are remarkably strong—radically affects
our judgment on the moral conduct of the individual, and
on the duties of the state and society towards their
degenerate members. No degenerate and feeble stock
will ever be converted into healthy and sound stock by
the accumulated effects of education, good laws, and

1 His theory of the ¢‘ continuity of the germ plasm” is in many respects
open to question, but his conclusion as to acquired characteristics being
uninherited stands on firmer ground. See Weismann, Essays on Heredity
and Kindred Biological Problems, Oxford, 1889. A good criticism will be
found in C. Ll. Morgan's Animal Life and Intelligence, chap. v.; a sum-
mary in W. P. Ball's dre the Effects of Use and Disuse Inherited? The
reader should also consult P. Geddes and J. A. Thomsom, 7%e Evolution of
Sex, and a long discussion in Nature, vols. x1. and xli. (szd 7ndice, Weismann,
Heredity).

2 Class, poverty, localisation do much to approximately isolate stock, to
aggregate the unfit even in modern civilisation. The mingling of good and
badstock due to dispersion is not to be commended, for it degenerates the
good as much as it improves the bad. What we need is a check to the

fertility of the inferior stocks, and this can only arise with new social habits
and new conceptions of the social and the anti-social in conduct.
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sanitary surroundings. Such means may render the
individual members of the stock passable if not strong
members of society, but the same process will have to be
gone through again and again with their offspring, and
this in ever-widening circles, if the stock, owing to the
conditions in which society has placed it, is able to increase
in numbers. The suspension of that process of natural
selection which in an earlier struggle for existence crushed
out feeble and degenerate stocks, may be a real danger
to society, if society relies solely on changed environment
for converting its inherited bad into an inheritable good.
If society is to shape its own future—if we are to replace
the stern processes of natural law, which have raised us
to our present high standard of civilisation, by milder
methods of eliminating the unfit—then we must be
peculiarly cautious that in following our strong social
instincts we do not at the same time weaken society
by rendering the propagation of bad stock more and
more easy.

If the views of Weismann be correct—if the bad
man can by the influence of education and surroundings
be made good, but the bad stock can never be converted
into good stock—then we see how grave a responsibility
is cast at the present day upon every citizen, who directly
or indirectly has to consider problems relating to the state
endowment of education, the revision and administration
of the Poor Law, and, above all, the conduct of public
and private charities annually disposing of immense
resources. In all problems of this kind the blind social
instinct and the individual bias at present form extremely
strong factors of our judgment. Yet these very problems
are just those which, affecting the whole future of our
society, its stability and its efficiency, require us, as good
citizens, above all to understand and obey the laws of
healthy social development.

The example we have considered will not be futile,
nor its lessons worthless, should Weismann’s views after
all be inaccurate. It is clear that in social problems of
the kind I have referred to, the laws of heredity, whatever
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they may be, must profoundly influence our judgment.
The conduct of parent to child, and of society to its anti-
social members, can never be placed on sound and perma-
nent bases unless regard be paid to what science has to
tell us as to the fundamental problems of inheritance. The
“ philosophical ” method can never lead to a real theory
of morals. Strange as it may seem, the laboratory
experiments of a biologist may have greater weight than
all the theories of the state from Plato to Hegel! The
scientific classification of facts, biological or historical, the
observation of their correlation and sequence, the resulting
absolute, as opposed to the individual judgment—these
are the sole means by which we can reach truth in such a
vital social question as that of heredity. In these con-
siderations alone there appears to be sufficient justification
for the national endowment of science, and for the universal
training of our citizens in scientific methods of thought.
Each one of us is now called upon to give a judgment
upon an immense variety of problems, crucial for our
social existence. If that judgment confirms measures and
conduct tending to the increased welfare of society, then
it may be termed a moral, or, what is the same thing, a
social judgment. It follows, then, that to ensure a judg-
ment’s being moral, method and knowledge are essential
to its formation. It cannot be too often insisted upon
that the formation of a moral judgment—that is, one
which the individual is reasonably certain will tend to
social welfare—does not depend solely on the readiness
to sacrifice individual gain or comfort, or on the impulse
to act unselfishly : it depends in the first place on know-
ledge and method. The first demand of the state upon
the individual is not for self-sacrifice, but for self-develop-
ment. The man who gives a thousand pounds to a vast
and vague scheme of charity may or may not be acting
socially ; his self-sacrifice, if it be such, proves nothing ;
but the man who gives a vote, either directly or even
indirectly, in the choice of a representative, after forming
a judgment -based upon knowledge, is undoubtedly acting
socially, and is fulfilling a higher standard of citizenship.
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§ 10.—The Third Claim of Science

Thus far I have been more particularly examining the
influence of science on our treatment of social problems.
I have endeavoured to point out that science cannot
legitimately be excluded from any field of investigation
after truth, and that, further, not only is its wmethod
essential to good citizenship, but that its resu/ts bear
closely on the practical treatment of many social diffi-
culties. In this I have endeavoured to justify the state
endowment and teaching of pure science as apart from its
technical applications. If in this justification I have laid
most stress on the advantages of scientific method—on
the training which science gives us in the appreciation of
evidence, in the classification of facts, and in the elimina-
tion of personal bias, in all that may be termed exactness
of mind—we must still remember that ultimately the
direct influence of pure science on practical life is enor-
mous. The observations of Newton on the relation
between the motions of a falling stone and the moon, of
Galvani on the convulsive movements of frogs’ legs in
contact with iron and copper, of Darwin on the adaptation
of woodpeckers, of tree-frogs, and of seeds to their sur-
roundings, of Kirchhoff on certain lines which occur in the
spectrum of sunlight, of other investigators on the life-
history of bacteria—these and kindred observations have
not only revolutionised our conception of the universe, but
they have revolutionised, or are revolutionising, our
practical life, our means of transit, our social conduct, our
treatment of disease. What at the instant of its dis-
covery appears to be only a sequence of purely theoretical
interest, becomes the basis of discoveries which in the end
profoundly modify the conditions of human life. It is
impossible to say of any result of pure science that it
will not some day be the starting-point of wide-reaching
technical applications. The frogs’ legs of Galvani and
the Atlantic cable seem wide enough apart, but the former
was the starting-point of the series of investigations which
ended in the latter. In the recent discovery of Hertz
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that the action of electro-magnetism is propagated in
waves like light—in his confirmation of Maxwell’s theory
that light is only a special phase of electro-magnetic
action—we have a result which, if of striking interest to
pure science, seems yet to have no immediate practical
application.! But that man would indeed be a bold
dogmatist who would venture to assert that the results
which may ultimately flow from this discovery of Hertz’s
will not, in a generation or two, do more to revolutionise
life than the frogs’ legs of Galvani achieved when they
led to the perfection of the electric telegraph.

§ 11.—Science and the Imagination

There is another aspect from which it is right that we
should regard pure science—one that makes no appeal to
its utility in practical life, but touches a side of our
nature which the reader may have thought that I have
entirely neglected. There is an element in our being
which is not satisfied by the formal processes of reasoning ;
it is the imaginative or aesthetic side, the side to which
the poets and philosophers appeal, and one which science
cannot, to be scientific, disregard. We have seen that
the imagination must not replace the reason in the deduc-
tion of relation and law from classified facts. But, none
the less, disciplined imagination has been at the bottom
of all great scientific discoveries. All great scientists
have, in a certain sense, been great artists; the man with
no imagination may collect facts, but he cannot make
great discoveries. If I were compelled to name the
Englishmen who during our generation have had the
widest imaginations and exercised them most beneficially,
I think I should put the novelists and poets on one side
and say Michael Faraday and Charles Darwin. Now it
is very needful to understand the exact part imagination
plays in pure science. We can, perhaps, best achieve
this result by considering the following proposition :
Pure science has a further strong claim upon us on

1 Even since this sentence was written a first and initially quite unexpected
application to practical life has arisen in wireless telegraphy !
PP p graphy
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account of the exercise it gives to the imaginative faculties
and the gratification it provides for the aesthetic judgment.
The exact meaning of the terms “scientific fact” and
“scientific law” will be considered in later chapters, but
for the present let us suppose an elaborate classification
of such facts has been made, and their relationships and
sequences carefully traced. What is the next stage in
the process of scientific investigation? Undoubtedly it
is the use of the imagination The discovery of some
single statement, some brief formula from which the
whole group of facts is seen to flow, is the work, not of
the mere cataloguer, but of the man endowed with creative
imagination. The single statement, the brief formula,
the few words of which replace in our minds a wide
range of relationships between isolated phenomena, is
what we term a scientific Jaw. Such a law, relieving our
memory from the burden of individual sequences, enables
us, with the minimum of intellectual fatigue, to grasp a
vast complexity of natural or social phenomena. The
discovery of law is therefore the peculiar function of the
creative imagination. But this imagination has to be a
disciplined one. It has in the first place to appreciate the
whole range of facts, which require to be resumed in a
single statement; and then when the law is reached—
often by what seems solely the inspired imagination of
genius—it must be tested and criticised by its discoverer
in every conceivable way, till he is certain that the
imagination has not played him false, and that his law
is in real agreement with the whole group of phenomena
which it resumes. Herein lies the key-note to the
scientific use of the imagination. Hundreds of men have
allowed their imagination to solve the universe, but the
men who have contributed to our real understanding of
natural phenomena have been those who were unstinting
in their application of criticism to the product of their
imaginations. It is such criticism which is the essence
of the scientific use of the imagination, which is, indeed,
the very life-blood of science.!

v La critique est la vie de la science, says Victor Cousin.
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No less an authority than Faraday writes :—

“The world little knows how many of the thoughts
and theories which have passed through the mind of a
scientific investigator have been crushed in silence and
secrecy by his own severe criticism and adverse examina-
tion ; that in the most successful instances not a tenth of
the suggestions, the hopes, the wishes, the preliminary
conclusions have been realised.”

§ 12.—The Method of Science [llustrated

The reader must not think that I am painting any
ideal or purely theoretical method of scientific discovery.
He will find the process described above accurately
depicted by Darwin himself in the account he gives us of
his discovery of the law of natural selection. After his
return to England in 1837, he tells us, it appeared to
him that:—

“ By collecting all facts which bore in any way on the
variation of animals and plants under domestication and
nature, some light might perhaps be thrown on the whole
subject. My first note-book was opened in July 1837.
I worked on true Baconian principles,® and, without any
theory, collected facts on a wholesale scale, more especially
with respect to domesticated preductions, by printed
inquiries, by conversation with skilful breeders and

v The Life and Letters of Charles Darwin, vol. i. p. 83.

2 Tt is from men like Laplace and Darwin, who have devoted their lives
to natural science, rather than from workers in the pure field of conception,
like Mill and Stanley Jevons, that we must seek for a true estimate of the
Baconian method. Beside Darwin’s words we may place those of Laplace
on Bacon :—

¢«¢I1 a donné pour la recherche de la vérité, le précepte et non P’exemple.
Mais en insistant avec toute la force de la raison et de I’éloquence, sur la
nécessité d’abandonner les subtilités insignifiantes de Vécole, pour se livrer
aux observations et aux expériences, et en indiquant la vraie méthode de
s’élever aux causes générales des phénomenes, ce grand philosophe a con-
tribué aux progrés immenses que Pesprit humain a faits dans le beau siécle
ol il a terminé sa carriére ” (* Théorie analytique des Probabilités,” Euvres,
t. vii. p. clvi.), The carpenter who uses a tool is a better judge of its
efficiency than the smith who forges it. For a good sketch of the estimation
in which Bacon was held by his sczentific contemporaries see the introduction
to Prof. Fowler’s edition of the Novum Organum.
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gardeners, and by extensive reading. When I see the
list of books of all kinds which I read and abstracted,
including whole series of Journals and Transactions, I am
surprised at my own industry. I soon perceived that
selection was the keystone of man’s success in making
useful races of animals and plants. But how selection
could be applied to organisms living in a state of nature
remained for some time a mystery to me.”

Here we have Darwin’s scientific classification of facts,
what he himself terms his “systematic inquiry.” Upon
the basis of this systematic inquiry comes the search for
a law. This is the work of the imagination ; the inspira-
tion in Darwin’s case being apparently due to a perusal
of Malthus’ Essay on Population. But Darwin’s imagina-
tion was of the disciplined scientific sort. Like Turgot,
he knew that if the first thing is to invent a system, then
the second is to be disgusted with it. Accordingly there
followed the period of self-criticism, which lasted four or
five years, and it was no less than nmineteen years before
he gave the world his discovery in its final form. Speak-
ing of his inspiration that natural selection was the key to
the mystery of the origin of species, he says :—

“ Here, then, I had at last got a theory by which to
work ; but I was so anxious to avoid prejudice, that I
determined not for some time to write even the briefest
sketch of it. In June 1842 (fe. four years after the
inspiration), I first allowed myself the satisfaction of
writing a very brief abstract of my theory in pencil in 35
pages; and this was enlarged during the summer of 1844
into one of 230 pages, which I had fairly copied out and
still possess.”

Finally an abstract from Darwin’s manuscript was
published with Wallace's Essay in 1858, and the Origin
of Species appeared in 1859.

In like manner, Newton’s imagination was only paral-
leled by that power of self-criticism which led him to lay
aside a demonstration touching the gravitation of the
moon for nearly eighteen years, until he had supplied a
missing link in his reasoning. But our details of Newton’s
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life and discoveries are too meagre for us to see his method
as closely as we can Darwin’s, and the account I have
given of the latter is amply sufficient to show the actual
application of scientific method, and the real part played
in science by the disciplined use of the imagination.!

§ 13.—Science and the Aesthetic Judgment

We are justified, I think, in concluding that science
does not cripple the imagination, but rather tends to
exercise and discipline its functions. We have still, how-
ever, to consider another phase of the relationship of the
imaginative faculty to pure science. When we see a
great work of the creative imagination, a striking picture
or a powerful drama, what is the essence of the fascination
it exercises over us? Why does our aesthetic judgment
pronounce it a true work of art? Is it not because we

1 That the classification of facts is often largely guided by the imagination
as well as the reason must be fully admitted. At the same time, an accurate
classification, either due to the scientist himself or to previous workers, must
exist in the scientist’s mind before he can proceed to the discovery of law.
Here, as elsewhere, the reader will find that I differ very widely from Stanley
Jevons’ views as developed in his Principles of Science. 1 cannot but feel
that chapter xxvi. of that work would have bLeen recast had the author been
acquainted with Darwin’s method of procedure. The account given by
Jevons of the Newtonian method seems to me to lay insufficient stress upon
the fact that Newton had a wide acquaintance with physics b¢fore he pro-
ceeded to use his imagination and test his theories by experiment—that is, to
a period of self-criticism. The reason that pscudo-scientists cumber the
reviewer’s table with idle theories, often showing great imaginative power and
ingenuity, is not solely want of self-criticism. Their theories, as a rule, are
not such as the scientist himself would ever propound and criticise. Their
impossibility is obvious, because their propounders have neither formed for
themselves, nor been acquainted with others’ classifications of the groups of
facts which their theories are intended to summarise. Newton and Faraday
started with full knowledge of the classifications of physical facts which had
been formed in their own days, and proceeded to further conjoint theorising
and classifying. Bacon, of whom Stanley Jevons is, I think, unreasonably
contemptuous, lived at a time when but little had been done by way of
classification, and he was wanting in the scientific imagination of a Newton
or a Faraday. ence the barrenness of his method in his own hands. The
early history of the Royal Society’s meetings shows how essentially the period
of collection and classification of facts preceded that of valuable theory.

With Stanley Jevons’ last chapter on 7ke Limits of Scientific Method the
present writer can only express his complete disagreement; many of its
arguments appear to him unscientific, if it were not better to term them anti-
scientific.
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find concentrated into a brief statement, into a simple
formula or a few symbols, a wide range of human emotions
and feelings? Is it not because the poet or the artist has
expressed for us in his representation the true relationship
between a variety of emotions, which we, in a long course
of experience, have been consciously or unconsciously
classifying? Does not the beauty of the artist’s work lie
for us in the accuracy with which his symbols resume
innumerable facts of our past emotional experience? The
aesthetic judgment pronounces for or against the inter-
pretation of the creative imagination according as that
interpretation embodies or contradicts the phenomena of
life, which we ourselves have observed.! It is only
satisfied when the artist’s formula contradicts none of the
emotional phenomena which it is intended to resume.
If this account of the aesthetic judgment be at all a true
one, the reader will have remarked how exactly parallel
it is to the scientific judgment? But there is really more
than mere parallelism between the two. The laws of
science are, as we have seen, products of the creative
imagination. They are the mental interpretations—the
formulae under which we resume wide ranges of phenomena,
the results of observation on the part of ourselves or of
our fellow-men. The scientific interpretation of phenomena,
the scientific account of the universe, is therefore the only
one which can permanently satisfy the aesthetic judgment,
for it is the only one which can never be entirely contra-
dicted by our observation and experience. It is necessary
to strongly emphasise this side of science, for we are
frequently told that the growth of science is destroying
the beauty and poetry of life. It is undoubtedly rendering
many of the old interpretations of life meaningless, because
it demonstrates that they are false to the facts which they
profess to describe. It-does not follow from this, however,

! How important a part length and variety of emotional experience play
in the determination of the aesthetic judgment is easily noted by investigating
the favourite authors and pictures of a few friends of diverse ages and
conditions.

2 The curious reader may be referred to Wordsworth’s ¢ General View of
Poetry ” in his preface to the Lyrical Ballads, 1815,
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that the aesthetic and scientific judgments are opposed ;
the fact is, that with the growth of our scientific know-
ledge the basis of the aesthetic judgment is changing and
must change. There is more real beauty in what science
has to tell us of the chemistry of a distant star, or in the
life-history of a protozoon, than in any cosmogony pro-
duced by the creative imagination of a pre-scientific age.
By “more real beauty” we are to understand that the
aesthetic judgment will find more satisfaction, more
permanent delight, in the former than in the latter. It is
this continual gratification of the aesthetic judgment
which is one of the chief delights of the pursuit of pure
science.

§ 14—The Fourth Claim of Science

There is an insatiable desire in the human breast to
resume in some short formula, some brief statement, the
facts of human experience. It leads the savage to
“account ” for all natural phenomena by deifying the wind
and the stream and the tree. It leads civilised man, on
the other hand, to express his emotional experience in
works of art, and his physical and mental experience in
the formulae or so-called laws of science. Both works of
art and laws of science are the product of the creative
imagination, both afford material for the gratification of
the aesthetic judgment. It may seem at first sight strange
to the reader that the laws of science should thus be
associated with the creative imagination in man rather
than with the physical world outside him. But, as we
shall see in the course of the following chapters, the laws
of science are products of the human mind rather than
factors of the external world. Science endeavours to
provide a mental rdsumé of the universe, and its last great
claim to our support is the capacity it has for satisfying
our cravings for a brief description of the history of the
world. Such a brief description, a formula resuming all
things, science has not yet found and may probably never
find, but of this we may feel sure, that its method of
seeking for one is the sole possible method, and that the



INTRODUCTORY 37

truth it has reached is the only form of truth which can
permanently satisfy the aesthetic judgment. For the
present, then, it is better to be content with the fraction
of a right solution than to beguile ourselves with the
whole of a wrong solution. The former is at least a step
towards the truth, and shows us the direction in which
other steps may be taken. The latter cannot be in entire
accordance with our past or future experience, and will
therefore ultimately fail to satisfy the aesthetic judgment.
Step by step that judgment, restless under the growth of
positive knowledge, has discarded creed after creed, and
philosophic system after philosophic system. Surely we
might now be content to learn from the pages of history
that only little by little, slowly line upon line, man, by
the aid of organised observation and careful reasoning,
can hope to reach knowledge of the truth, that science,
in the broadest sense of the word, is the sole gateway to
a knowledge which can harmonise with our past as well
as with our possible future experience. As Clifford puts
it, “Scientific thought is not an accompaniment or
condition of human progress, but human progress itself.”

SUMMARY

1. The scope of science is to ascertain truth in every possible branch of
knowledge. There is no sphere of inquiry which lies outside the legitimate
field of science. To draw a distinction between the scientific and philosophical
fields is obscurantism.

2. The scientific method is marked by the following features :— (z) Careful
and accurate classification of facts and observation of their correlation and
sequence ; (6) the discovery of scientific laws by aid of the creative imagina-
tion; (¢) self-criticism and the final touchstone of equal validity for all
normally constituted minds.

3. The claims of science to our support depend on: (a) The efficient
mental training it provides for the citizen; (8) the light it brings to bear
on many important social problems; (c) the increased comfort it adds to
practical life; (d) the permanent gratification it yields to the aesthetic
judgment,
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CHAPTER 1II
THE FACTS OF SCIENCE

§ 1.—The Reality of Things

IN our first chapter we have frequently spoken of the
classification of facts as the basis of the scientific method ;
we have also had occasion to use the words 7ea/ and
unreal, universe and phenomenon. It is proper, therefore,
that before proceeding further we should endeavour to
clear up our ideas as to what these terms signify. We
must strive to define a little more closely in what the
material of science consists. We have seen that the
legitimate field of science embraces all the mental and
physical facts of the universe. But what are these facts in
themselves, and what is for us the criterion of their reality ?

Let us start our investigation with some “external
object,” and as apparent simplicity will be satisfied by
taking a familiar requisite of the author’s calling, namely,
a blackboard, let us take it.! We find an outer rect-
angular frame of brownish-yellow colour, which on closer
inspection we presume to be wood, surrounding an
inner fairly smooth surface painted black. We can
measure a certain height, thickness, and breadth, we notice
a certain degree of hardness, weight, resistance to breaking,
.and, if we examine further, a certain temperature, for the
board feels to us cold or warm. Now although the black-
board at first sight appears a very simple object, we see

1 The blackboard as an *¢ object-lesson ” is such a favourite instance with

the writer, that the reader will perhaps pardon him the use of it here. Seine
Mundart klebt 7edem an.

39
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that it at once leads us up to a very complex group of
properties. In common talk we attribute all these
properties to the blackboard, but when we begin to think
over the matter carefully we shall find that the real link
between them is by no means so simple as it seems to be.
To begin with, I receive certain impressions of size and
shape and colour by means of my organs of sight, and
these enable me to pronounce with very considerable
certainty that the object is a blackboard made of wood
and coated with paint, even before I have touched or
measured it. I zzfer that I shall find it hard and heavy,
that I could if I pleased saw it up, and that I should find
it to possess various other properties which I have learnt
to assoctate with wood and paint. These inferences and
associations are something which I add to the sight-
impressions, and which I myself contribute from my past
experience and put into the object—blackboard. I might
have reached my conception of the blackboard by impres-
sions of touch and not by those of sight. Blindfolded I
might have judged of its size and shape, of its hardness
and surface texture, and then have inferred its probable
use and appearance, and associated with it all blackboard
characteristics. In both cases it must be noted that a szxe
gqua non of the existence of an actual/ blackboard is some
immediate sense-impression to start with. The sense-
impressions which determine the reality of the external
object may be very few indeed, the object may be largely
constructed by inferences and associations, but sosmze sense-
impressions there must be if I am to term the object real
and not a product merely of my imagination. The
existence of a certain number of sense-impressions leads
me to infer the possibility of my receiving others, and
this possibility I can, if I please, put to the test.

I have heard of the Capitol at Washington, and
although I have never been to America, I am convinced
of the reality of America and the Capitol—that is, I
believe certain sense-impressions would be experienced by
me if I put myself in the proper circumstances. In this
case I have had indirect sense-impressions, contact with-
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Americans, and with ships and chattels coming from
America, which lead me to believe in the “reality ” of
America and of what my eyes or ears have told me of its
contents. In constructing the Capitol it is clear that past