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education of the young. In examining this question, it is very desir-
able that we should have a clear idea as regards two points of funda-
Wental importance, namely, the meaning to be attached to the word
Sf:lence,” and the object, or objects, which are to be aimed at by any
Tational form of education. Perhaps nobetter definition of “Science’’
Deed be sought than that which simply defines the term as includ-
Ing all those branches of human knowledge, the ultimate data of
Which are to be acquired solely through the medium of the senses.
.am aware that this definition would exclude such so-called
Sclences as Paychology and Metaphysics, the ultimate data of which
¢an only be acquired by the operation of the internal consciousness
of each individual. Iam aware, also, that the generalizations of
all branches of science are the result of intellectual operations, and
are not acquired by any study of merely sensual phenomena, how-
over profound. Still, for our present purpose, the above definition
Way be taken as sufficient, since it includes all the sciences which
are ever likely to be taught in schools. In other words, it includes
the go-called Physical and Natural Sciences, embracing all
those branches of knowledge which are concerned with the investi-
8ation of the phenomena of the inorganic and organic worlds of
Dature. We may stop, then, here to note that under this defini-
tion the aciences may be regarded in a two-fold aspect, whether we
o0k at them from an educational or from any other point of view.
The data of the sciences, the facts which each comprises, are learn-
able by the senses, and are not truly or genuinely learnable by any
Other medium or channel. It is true that we may learn some or
all of the facts of a science out of a book, by the exercise of a men-
power alone, and without ever having submitted a single one

of these facts to the test of the five senses. We may do so ; but
ssuredly no genuine knowledge of sense was ever obtained in this
Way, and the sciences, if they are to be learnt or taught after this
fﬁshion, certainly present no advantages over many other studies.
1 the other hand, the scientific, as compared with the non-scientific
nowledges, have the peculiarity that they are grounded in the
Sensuous and natural life of the human being. They reach the
her spiritual plane of the organism through the senses, and it is
Properly by ¢ the five gateways of knowledge ” that scientific
truths should be imparted to the learner. Hence, the sciences
" Present, to begin with, the inestimable advantage that they can be
Aught, as regards their simpler and mere fundamental data, at a
lme when the higher mental faculties are comparatively undeveloped
and in abeyance. Indeed, from the moment that an infant opens
ti. eyes upon the world, it commences a course of scientific educa-
Jon, which is carried out exclusively through the senses, and which
13.none the less complete because it is involuntary and unguided.
“rlence may, and often is, so taught in later life as to deprive it of
8 Inevitable advantage, but it remains eertain that the practical

£ aching of science can be commenced at an earlier period of life
can profitably be attempted with the more ordinary branches

o education—if only upon the ground that the senses attain their
orking powers much sooner than do the intellectual faculties.
hl!st the data of the sciences are grounded in the senses, the de-
Juctions from these data are purely intellectual, and hence science,
8 second aspect of its two-fold constitution, stands in precisely

® same educational position as any non-scientific branch of know-
®dge. The facts of the sciences can only be discovered in the first
through the medium of the senses ; and even after they havyg

t.hen once discovered, and have thus become common property,
®y should nevertheless be handed down from individual to indi-
zq“’}l through the same channel. On the other hand, the gencrali-
int:_fms of science are super-sensual, and are the result of purely
w ellectual operation®. The observation of the celestial phenomena
be Cl constitute the ground-work of the science of astronomy can
of :?'lfl'led out solely through the sense of sight, but no acuteness
tio I8lon, no complexity of apparatus, no repetition of investiga-
D and research, would lead to the discovery of the law that the
o lus vector describes equal areas in equal times. We pass here
Th:l the region of sense into that of rational mind and intellect.
Physical properties and phenomena of a thistle are presumably
bei:eu known to a donkey as they are to the highest of human
off, ¥8—in so far, at any rate, as the senses of the two are equally
Clent ; but the latter can draw certain deductions from the facts
n: 1 he knows about the thistle, which might perhaps embrace the
titution of the solar system In their scope, and which, at any

o re entirely undreamed of in the philosophy of the former.
men%’ 8clence 1s in its essential condition composed of two depart-
the N —one embracing the facts of science, which are acquired by
Ren, ersel' of the senses, the other comprising the deductions and
alizations of science which are due to the working of the in-
Upon the facts previously determined by the senses. Hence
as ¢ Sclence, from an educational point of view, must be regarded
you‘l‘ln imentally a quality—its data being most fitly taught to the
& Jn whom the senses are most active, whilst its generaliza-

tions are most suitable for later perioda of life, in which the senses
are not so acute, but the intellectual faculties are more highly
developed. This leads us to consider next, very shortly, what are
the objects which should be sought to be attained by any form of
education, and we cannot hesitate in arriving at a decision on this
point. All conceivable forms of education must, to be of any value
at all, do one of three things, or more than one of these things com-
bined. The conceivable advantages to be derived from any study
come under one or more of the following heads: 1. Discipline, or the
training and development of the mental faculties: 2. Culture, or
the improvement and development of the emotions and higher
faculties, together with the unfolding of the natural sesthetic capa-
bilities of the individual : 3. Utility, or the acquisition of certain
knowledges, which will be of actual practical value to the individual
in his struggle for existence in the particular society in which his
lot may be cast, and will secondarily enable him to be of use
to his fellow-men. I do not propose to enter at all into a discussion
of the great controversy, whether the above objects of all sound
education are attained more perfectly by a scientific or a classical
training, or a judicious intermingling of the two. For my present
purpose, leaving other branches of education to fight their own
battle, it will be sufficient to show that science fulfils at any rate
two of these objects—fulfils them at least as perfectly as any more
generally favoured department of knowledge. At the same time
there can be no question but that an ideal education is many-sided ;
and no knowledge, however profound, of a single subject entitles
a man to the honourable designation of ‘‘ educated.” The learned
German philologist, who did not know what potatoes were when he
saw them, in spite of his enormous erudition, was no more an
‘“ educated”” man, in the proper sense of the term, thanis a man of
science who is totally devoid of literary culture. To be altogether
““teres atque rotundus,” a man must know something of many things,
and everything of something. The only real practical question
lies in whether those individuals—and there are, unfortunately,
many of them—who have time and opportunity for examining but
one of the facets of the crystal of knowledge, should confine their
attention to the scientific, or the non-scientific, branches of study.
Into this question, as I have already said, I do not intend to enter ;
but I shall endeavour to point out how far the sciences fulfil the
three great objects of education, namely, discipline, culture, and
utility, and how far they fall short of securing these objects when
they are compared with other departments of study. Firstly, as
regards discipline, I apprehend that I need say very little as to the
value of scientific studies. That the study of physical and natural
science is at least as efficacious in developing and training the men-
tal powers as any other branch of human knowledge, I shall assume,
I hope rightly, as being generally admitted.  Witness—if witness
be needed —the unchallenged position occupied by Mathematics,
at once the handmaiden and the mother of so many of the sciences.
There is, however, one point of view in which the disciplinary
value of science is especially apparent, as depending upon the two-
fold constitution of science to which I have already alluded. Other
branches of knowledge develop more especially the intellectual
faculties, but science, in addition, trains the senses. The labour
necessary for acquiring the facts of science, immensely increases the
power of observation, and sharpens and develops the senses :
whilst the study of the generalizations of scienee constitutes one of
the severest forms of intellectual training. It may fairly be
claimed, then, that the educational discipline afforded by the study
of science presents certain advantages over that afforded by all non-
scientific branches of study, It cannot, however, be too strongly
insisted, that in order to realize these advantages, science must be
taught practically. It is not enough for the teacher to rely upon
books, either for his own knowledge or for his teaching. He must
himself have some personal knowledge of hissubject, and the facts
which he brings before his pupils must be illustrated by actual ex-
amples, drawn from the world around him. Any science which
cannot be taught thus practically had better be omitted from school
education. Kvery school pretending to teach science should have
a small museum and laboratory attached to it. Every pupil pre-
tending to learn science should be encouraged to collect and
examine natural objects for himself ; to verify in person all the
more inportant facts which he is asked to believe ; and to test by
his faithful senses the truth of the statements which he hears from
his teacher or meets with in his books, Of course, some sciencen.
are more susceptible of this mode of treatment than others, and
there is nothing invidious in saying that in this most importans
respect chemistry has immense advantages, as regards school edu-
cation, over other branches of science. There is no excuse for not
teaching chemistry practically, but there would also be little diffi-
culty in the practical teaching of geology, physiclogy, zoology,
or botany in schools. In any case it is not fair to judge of the
value of science, as an educational agent, from its resuits, when



