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CRITICUS

“Illud ferre non possum. Tu, quum me incognito assentiri vetes,
idque turpissimum esse dicas et plenissimum temeritatis, tantum tibi
arroges, ut exponas disciplinam sapientiae, naturam rerum omnium
evolvas, officia describas, quam vitam ingrediar, definias: idemque
etiam disputandi et intelligendi iudicium dicas te et artificium tradi-
turum: perficies, ut ego, ista innumerabilia complectens, nusquam
labar? nihil opiner? Quae tandem ea est disciplina, ad quam me
deducas, si ab hac abstraxeris? Vereor, ne subarroganter facias, si
dixeris tuam. Atqui ita dicas necesse est.”

AUCTOR

‘“ Si qua videbuntur chartis tibi, lector, in istis

sive obscura nimis sive latina parum,

non meus est error: nocuit librarius illis
dum properat versus adnumerare tibi.

Quod si non illum sed me peccasse putabis,
tunc ego te credam cordis habere nihil.

‘Ista tamen mala sunt.” Quasi nos manifesta negemus}
Haec mala sunt, sed tu non meliora facis.”



PREFACE

A few years ago, a distinguished American educationist,
who was on a visit to this country, told me that he had been
reading an English book on the teaching of science, and it had
seemed to him that the writer had been devoting his energies
to forging thunderbolts for hurling at those who refused to
subscribe to the whole of the articles of a curiously narrow
pedagogical creed. Ile said that it reminded him of the
methods of certain theologians in his own country, and he
asked me if I myself had adopted any sort of stereotyped
procedure for assessing the value of a lesson in science.

Thirty or thirty-five years ago, I might have felt a little
uncertain of my answer.—When I first became a headmaster,
and had to assess the value of the teaching skill of my staff,
I adopted a scheme, common enough in those days amongst
Training College masters of method (as they were called),
of awarding marks for each of a certain number of selected
points—class management, discipline, presentation of subject-
matter, interest, lucidity, logic, form of questions, use of
answers, success of experiments, use of experiments, use of
experimental facts, use of hypotheses, method of establishing
principles, general attitude towards theory, English, note-
taking, and so on—and in that way I was able to make a rough
estimate of a teacher’s skill. The scheme seemed to work
well enough in the case of teachers who taught on fairly ortho-
dox lines, but, when I began work as an inspector, 1 soon dis-
covered that the scheme not infrequently failed, successful
teaching methods often differing radically. Sometimes a
teacher would offend against almost every accepted Training

College precept, and yet give a strikingly successful lesson.
vii
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Despite his entirely unconventional methods, he might have
a gift of putting things so lucidly ‘and in such an iateresting
manner, and his personality might be so dominating, that the
boys would be simply carried away. The experienced critic
soon finds it necessary to abandon all attempts at assessing
values mechanically, though certain criteria will always be
borne carefully in mind.

There is general agreement amongst those of us who have
spent our lives as critics of teaching methods that the very
last thing we desire to find in a teacher is that he has sur-
rendered his own individuality and teaches in accordance with
some other person’s scheme of hard and fast rules.

Suppose that a teacher, who has to give a lesson on some
particular topic, first forms in his own mind a perfectly clear
and vivid picture of the subject, and then, in giving the lesson,
succeeds by some means in transferring the picture to the minds
of his pupils, who are then able to see it as clearly and vividly
as the teacher himself does. Suppose, further, that we test the
pupils and find that they have not only got hold of the facts
but understand them perfectly. Even if that teacher’s methods
were entirely opposed to methods generally recognized, can
we justly say that the teacher would have done better if he
had set to work in a more orthodox way?

Perhaps the lesson has taken the form of a lecture. Some
critics would then urge that although the pupils may have
obtained a number of new facts, have understood the facts
perfectly, and have made them a permanent possession, yet
such a lesson is necessarily a failure because it has made no
provision for a formal training, and that a particular—perhaps
a unique—kind of formal training is the one claim that science
can make for inclusion in the school curriculum.

But in making exclusive claims for science as a subject
for training the mind, we are on very dangerous ground. Critics
who will listen dispassionately to equally able specialist teachers
giving lessons in, respectively, classics, mathematics, history,
and science, will be forced to admit that, as far as mere intel-
lectual training 4s concerned, it is exceedingly difficult to
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assign a preferential award to any particular one. The only
exclusive Jlaim of science is that it is dealing with facts un-
tinged with any sort of human prejudice (unfortunately, this
does not apply to the hypotheses of sciencel!): learners can
thus be taught to form an objective judgment. But this very
source of strength is also a source of weakness. A training in
science can make no provision for an analysis of human motives
or of any sort of emotional experience; and thus it does not
prepare its learners to understand some of the greatest problems
of life. And, after all, it is a people’s literature, not their
science, that depicts their character—their strivings and their
failings, their laughter and their tears, and all those things
that rouse to action.

The principal subjects taught in school are one and all
intended to provide a mental training, each of them of its
own kind, all in their way equally valuable. When it comes
to a struggle with difficulties, the student of classics and the
student of mathematics are at least as hard put to it as the
student of science. The great claim of science for a place in
the school curriculum is its provision of new knowledge,
knowledge which is ever increasing, knowledge which is driv-
ing the world ahead, knowledge which it behoves every citizen
to possess.

To urge this necessity for the dissemination of knowledge
is not to underrate the value of teaching as an art. But the
art of teaching cannot be analysed and reduced to rules. The
art is the creation of a teacher as an artist, *“ varying with his
gifts, fed by his knowledge, enriched by his qualities, expressing
his own unique personality . The teacher does not shape
his material to his will, as an artist does who works in clay.
He works on human lives which are themselves an active force
in,the process. Hence the art of teaching is more complex,
more baffling, more elusive, than any other art, and none of
us need feel ashamed that we are unable to reduce it to prin-
ciples and state its canons.

But, if it is nothing else, the art of teaching is, at least
in skilful hands, dynamic, intensive, even aggressive. The
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mere pabulum the teacher uses for his purpose, science, litera-
ture, or what not, matters little. The teacher who understands
his work will make his own subject intellectually exacting.
be the subject what it may.

It has been seriously said that Britain might still retain
her leading place amongst the nations of the world if all her
rulers were men of science. Such a statement is only provo-
cative of ribaldry. Would the penetration of such men into
human motives be clearer? would their judgments be more
impartial? would their ability to weigh evidence be greater?
Nevertheless, it would be better for us all if our rulers had a
deeper knowledge of science, if they more clearly understood
its applications, and if they were thus able to give the people
a clearer orientation of the social forces contributing to our
environment and moulding the future. Indeed, our rulers
ought to be equipped in such a way as to be able actually to
discover such forces, and some knowledge of science and some
training in scientific method are essential for such discernment.

A recognized leader of political thought recently described
inoculation as unclean! A medical man recently giving evidence
before a salaried judicial functionary said, ‘‘ the woman had
an aneurism in the sub-clavian artery ”’, a statement expressed
in terms so simple and accurate as to be unexceptionable. But
the medical man was promptly rebuked by the functionary for
“ indulging in scientific jargon ”’! Ill-informed politicians may
still win for themselves a measure of esteem from the ill-
informed sections of their constituents; ill-educated men may
still be jockeyed into important official positions.

But an eminent man of science went a little too far when
recently he said, ‘‘ at present the policy of most states is framed
by politicians, carried out by civil servants, and interpreted
by journalists, all equally ignorant of science ”. Of journalists,
I have no knowledge. Politicians as a class certainly do seem
to be ignorant of science, but in every party there are states-
men (Lord Balfour is one, Lord Haldane was another) whose
wide and, accurate knowledge of science commandse respect.
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As for civil servants, I happen to know that within their ranks
is a large number of men with high scientific attainments.
Whilst it is quite true that there is a general ignorance of
science amongst the more responsible classes of the community,
exaggerated statements from men of eminence are not likely
to advance the cause that such men have so warmly at heart.
There can be no doubt that the science teacher’s real battle
is concerned at least as much with the dissemination of know-
ledge as with the training of the intellect. Science teachers
must cease to look at their several subjects so much from the
inside. 'They must try to appreciate the unity of purpose of
the whole range of scientific study, and the impacts of this
study upon the common stock of ideas. 'They must break
with the bad tradition of serving up ycar after year the same
twopenny-worth of weighing and measuring—-that poor little
miniature of a university dish, not even garnished to conceal
the beggarly fare it contains. They must broaden the basis
of their teaching, particularly by the inclusion of biology.
They must extend their pupils’ scientific horizon. They must
give up the idea that, if they give a lesson on some small topic
of science by methods which will win the warm approval of
the doctrinaire critic, they are therefore discharging effectively
their main function as science teachers. 'The teaching of science
is a much bigger thing than the devising of means of giving
satisfaction to critics of the minutiaz of laboratory procedure.
A laboratory is not a place either for the mechanical repetitions
of a cloistered cell or for the dusty ritual of an antiquary’s den.
At present, biology receives such little attention that several
chapters of the book are devoted to considering its possible
developments in school science courses. No school will be
able to find time for the whole of the work outlined, and any
school which attempts anything like a complete biological
course will probably be compelled to drop a good deal of the
usual physics and chemistry, with the possible consequence
* For instance, three of my old colleagues at the Board of Education were Fellowt
of the Royal Society, and many others had obtained the highest “'istinction in science

that their vniversities could offer them. And I believe it is a fact that science is no'
less well represented in the other Government departments.



Xii SCIENCE TEACHING

of weakening foundations generally. Much will depend upon
the amount of time that can be given up to science. The
present neglect of biology is all the more lamentable seeing
that there is now a world-wide recognition of the fundamental
importance of an expert knowledge of plant physiology and
plant pathology (to mention only one aspect of biology).
Within the next few years there is likely to be a far greater
demand for trained biologists than our schools and universities
can possibly meet. Whose is the fault?

It is in the Sixth Form where new teaching experiments
may be freely tried. By that time pupils will, presumably,
have been well trained in essentials, especially in the essentials
of scientific method, and teaching methods may then become
much more varied and much freer. A good deal of attention
has therefore been devoted, in later chapters, to possible
Sixth Form work on new lines. The needs of the Higher Certi-
ficate examination have, of course, to be borne in mind, but,
if science teachers will only agree amongst themselves as to
the scope and extent that Sixth Form work might best assume,
they will probably enlist the ready sympathy of examination
authorities.

In some of the chapters dealing with subjects not often
taught, rather more than mere running comments on methods
have been given: a certain amount of subject-matter itself
has been included, always in a condensed form, just enough to
indicate what to look for in the textbooks and what general
sequence to follow.

Any merit that this book may possess must be ascribed to
the many hundreds of science teachers whose work I have
been privileged to see. I have been present at something like
1000 lessons a year for over 30 years, and naturally there have
been occasions when the lessons were not an unqualified suc-
cess. Rarely, however, have I failed to discover in a lesson
something worth remembering, and I hope that the results of
this gleaning and garnering, as here presented, will help to
make the work of beginners a little more fruitful.
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PART I

SOME PRINCIPLES OF SCIENCE
TEACHING

The chapters of this section of the book refer mainly to
methods—methods which are known to be sound and methods
which are known to be otherwise.






CHAPTER 1

The Teacher: his Knowledge and
his Training

The Marks of a Successful Science Teacher

What are the marks of a successful science teacher’—He
knows his own special subject through and through, he is
widely read in other branches of science, he knows how to
teach, he knows how to teach science* he is able to express
himself lucidly, he is skilful in manipulation, he is resourceful
both at the demonstration table and in the laboratory, he is
a logician to his finger-tips, he is something of a philosopher,
and he is so far an historian that he can sit down with a crowd
of boys and talk to them about the personal equations, the
lives, and the work of such geniuses as Galileo, Newton,
Faraday, and Darwin. More than all this, he is an enthusiast,
full of faith in his own particular work.

He may have first-rate laboratories and equipment, a
generous time-allowance, and an ideal syllabus, but, unless
he really knows how to teach and is keen on his work, success
will not come his way. On the other hand, if he is keen and
well-informed, he may succeed in spite of discouragement and
poor equipment.

It is the man that counts. All obstacles he pushes aside.

* I have differentiated between ‘‘ teaching” and ‘‘ the teaching of science .
The book does not set out to give an exposition on the art of teaching in the broader
sense. Nothing, for instance, is said agout discipline, and very little about the art
of questioning, or about a score other things that every teacher ought to know,
whatever his subject may happen to be. There are at least half a dozen helpful .
handbooks dealing with all such points, and Ward and Roscoe’s Approach to
Teaching, the newest, is full of hints of the greatest value, bpth to beginners and
to teachers of experience, It contains a final chapter of useful suggestions for a
teacher’s library.

3
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Academic Knowledge

What academic knowledge may reasonably be expected
from a science teacher? A Cambridge science degree admittedly
stands first. There are advantages at Cambridge not to be
had at any other university in the world. During four years
there, a man * will have taken up three or four different
subjects, specializing in one. At Oxford (where science is
at last creeping ahead, though its taps on the door of the
temple of the ‘ Greats” are still too gentle to be heard
within), most of the time will be devoted to a single subject.
At London and the newer universities, one principal subject
and one subsidiary subject are most likely to form the course
taken up (it is assumed that the man is reading for an
Honours degree). Is the knowledge thus acquired enough for
teaching purposes?

Emphatically the answer is in the negative. The university
courses have not been designed primarily for teachers but for
science specialists—chemists, engineers, biologists, and others.
The university provides no special training in scientific method;
it assumes, rightly or wrongly, that that has been provided at
school. The work done is of necessity largely technical, and
in that sense travels beyond the boundaries of school work.
A university rightly considers that one of its main functions is
to prepare a man for the continued study of his subject through-
out his life, to help him wrestle with the intellectual difficulties
arising out of that particular branch of knowledge, and thus
to teach him how to dig down to the foundations of any kindred
branch of knowledge that in future may interest him.

On the other hand, much of the work which is necessary
for schools is often not included in the course selected for a
university degree. A degree may be taken, for instance, mainly
in chemistry, and the man be wholly ignorant of biology and
almost ignorant of physics. There are instances of men who
have taken a ‘“science ” degree in mathematics, logic, and

. . . .
* I apologize to science mistresses for adopting this unsatisfactory translation
of homo sapiens.
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psychology, and have never lighted a bunsen or handled a
test-tube in their lives. There are other instances of men who
as private students have taken a science degree in chemistry
and physics and have spent less than six months in laboratory
work. Graduates of these classes are seriously handicapped
if they take up science teaching, for they have to settle down
to a great deal of drudgery, rarely very fruitful in its results,
in order to equip themselves adequately for the professional
work they have taken in hand.

Admittedly the necessary approach to science in school is
fundamentally different from that of the university. University
teachers naturally assume that their students are capable of
taking in “lectures ” and do not require “lessons’’: that
theoretical courses and laboratory courses, though proceeding
more or less collaterally, are not necessarily interrelated step
by step as in schools. A young science master sometimes doles
out to his boys the petrifying stuff from note-books compiled
at his university lectures, with barren results as he soon dis-
covers.

But the value of the highly specialized work done in
university courses must not be underrated. Unless a science
teacher has carefully examined both the foundations and the
superstructure of at least one subject of science, and has
wrestled with its real difficulties, his respect for his work is
not likely to be great; and only then has he the legitimate
right to sit side by side with the classical scholar and with the
trained mathematician.

A science teacher can hardly claim to be well equipped
for his work before the age of 30 or 35. The trifle that he
reads during the three or four years at the university counts
for something, but what he reads during the ten or fifteen
ycars afterwards counts for very much more. A science teacher
ought to know something, and know that something well, of
every main branch of science; and at least a full year of leisure
time must be given up to a new branch before its outlines can
be mastered and before the foundations on which it rests can
be fully examined. '
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Science teachers who have been reading science for thirty
or more years have told me how sadly out of daté they feel
themselves to be because of the impossibility of keeping in
touch with the ever-increasing advances in the subject. Men
who have taken up classics, or modern languages, or history,
or mathematics, are in a rather different position. At the
university they covered much of the ground in their subject
fairly exhaustively, and they have since been able to keep in
touch with research and new knowledge. But science has
become such a vast subject, and in its rapid development it
so easily outstrips all other subjects, that in a period of three
or four years it is hopeless to try to cope with more than a
selected corner of it. 'The remainder must come later, though
alas! the greater part of it is likely to remain a sealed book
even to the elect.

It is not merely necessary to take up new subjects, but
to broaden and deepen one’s own special subject. Consider,
for example, how relatively little ground in chemistry can be
covered in a university course. Much subsequent time is
necessary for following up its manifold new departures and its
ramifications into industry, physiology, and agriculture. It
is not that the teacher may require for his daily work in the
lecture-room and laboratory a knowledge of recent research
(though for present-day Sixth Form work a science teacher
must be abreast of the times); it is rather that a stale teacher is
an unenlightened teacher. A stale teacher may not hark back
quite so tar as the age of phlogiston, but he is ever in danger
of using hypotheses that had for a time been provisionally
pressed into service but have since been thrown on the rubbish
heap.

When a teacher’s knowledge of science is confined to that
of his university course, he has no claim to be made head of
his department. He is unable to organize the work of his
department as a whole, to supervise the work of his younger
colleagues, to advise on the teaching of other science subjects,
or, in short, to do more than when he was an irresponsible
iunior.
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There is no excuse whatever for ignorance of the bare
fundamentals of the main branches of science. Some years
ago a Science mistress who had taken a First in Botany Finals
and who was a first-rate microscopist was giving a lesson on
the barometer to a middle form (she was working single-
handed), and a child asked, ‘“ Why does the barometer read
the same in the laboratory as in the playground, seeing that
outside there is a much higher column of air on the mercury?”’
Within the hearing of an inspector the mistress replied, *“ That
is one of those things that even the cleverest men of science
have never been able to discover ’! 'That such a teacher
should have been given a degree at all is positively immoral.
Her answer showed that she did not know the ABC of elemen-
tary science.

Let the botany teacher remember that he must have a
sound knowledge of chemistry and of elementary physics; the
chemistry teacher, a sound knowledge of physics; the physics
teacher, a sound knowledge of mechanics and mathematics;
the mathematics teacher, at least an elementary knowledge of
the philosophical foundations of his subject.

In short: a university course in science is just a preparation
for the serious reading of the years to come.

Training

Nobody denies that a medical man or an engineer must
be trained, for each of them has to acquire a knowledge of an
art based on definitely established scientific principles. When
people deny that a teacher need be trained, do they mean that
teaching is merely a labourer’s job? Do they deny it the rank
of an art with its own definitely established principles? Is there
arything for a beginner to learn from the experienced successful
teacher? If so, what? and how should he learn it?

If he is lucky enough to spend a year at a training college
where the principal himself is a man of science and a recog-
nized authority on science teaching, or where at least the head
of the*department has been able to obtain “similar public
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recognition, he will probably receive the best training possible.
Failing that, a post-graduate student-teachership at ‘one of the
great secondary schools where the science teaching is of fecog-
nized excellence, where the headmaster and the science staff
will give a warm welcome to the novice, is perhaps the best,
especially if, during the latter half of the year, lectures at
university training departments can be attended. Of the
twenty most successful teachers I have known, eleven were
untrained, five were trained at a training college, and four
at secondary schools. But the eleven were exceptionally
gifted men and women, the sort of people who would have
succeeded in any walk of life, no matter what difficulties they
encountered.

Science teachers who have successfully undertaken a certain
amount of research as part of their university course have
probably obtained a clearer insight into scientific method than
they could have obtained from most courses of training college
lectures. In any circumstances, a training in the principles
of scientific method is an essential part of the training of all
science teachers. Some knowledge of the history and philosophy
of science is also indispensable. Such knowledge will enable
teachers to assess more correctly the true value of science
as an educational instrument; it will make them more severely
critical of loose reasoning; it will provoke them to be more
insistent on accuracy of thought in their pupils.
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CHAPTER II
The Purpose of Science Teaching

The Specific Claims of Science

The two principal claims of science for inclusion in a school
course are so well known as to be almost commonplace. In
the first place, the claim is made that it affords an unrivalled
intellectual training, and teaches the learner to reason from
deﬁmt_ely ascertained facts and to form an ()bJectlve judgment;
in the second place, that by its discoveries science is now making
such great contributions to the prosperity of the human race,
and is adding so rapidly to the sum of our knowledge, that the
minds of those who are unversed in at least its main principles
are, if not half barren, certainly imperfedtly cultivated.

But it is difficult to maintain the first claim as the claim
of science exclusively. If properly taught, classics, mathe-
matics, or history provides an intellectual training not inferior
to that provided by science; and classics and history have
this advantage over science, that they take account of motive
and action. It is true that science takes account of the analogous
relation, cause and effect, but this relation is a much simpler
relation; and thus, for the purpose of searching out the con-
nexion between marshalled arrays of facts, science has the
advantage of comparative simplicity. But unless science in-
cludes within its scope some consideration of human relations
and interests, its priority of claim as an educational instrument
will not remain uncontested.

The Cultural Value of Science

Now that science enters so widely and so intimately into
every department of life, especially in all questions relating to
health and well-being, it is important that the community
should have a general knowledge of its scope arid aims, of the
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mode in which it envisages and attacks its problems, and of
scientific method generally. It is, however, beyortl question
that it should be a general knowledge on broad litfes: a
specialized training in some highly technical branch of science
is neither necessary nor desirable. But the general knowledge
must be an accurate knowledge, a closely reasoned-out know-
ledge, built up on a basis of undisputed facts.

As a meuns of culture, the history of scientific discovery
opens up to the imagination great pictures of the work of
great men, thereby placing science in the front rank of
humanistic studies. A knowledge of the methods of obser-
vation and experiment in the different branches of science
helps to develop a logical mind, a critical judgment, and a
capacity for methodical organization; while a knowledge of
the great questions with which science as a whole is concerned
fosters the broad outlook which is essential for the successful
solution of the problems of life.

Is our present science teaching designed to meet these ends?
Is there not some confusion between instruction in science
and instruction in scientific technique? Are we not tending
to teach science for specialists instead of science for citizenship?

It may be urged that a change in the direction of making
our school science courses more general will result in giving
children a mere smattering of a subject. But are children
being given more than a mere smattering now?

Assuredly any science course should not only train pupils
to weigh and interpret observed experimental evidence, but
should also make them acquainted with the broad outlines of
great scientific principles, with the way in which these prin-
ciples are exemplified in familiar phenomena, and with their
applications to the service of man. The two things should be
recognized, and school courses framed accordingly.

But the tendency of recent years has been to over-emphasize
the formal training, and to attempt to propitiate caustic critics.
by making great sacrifices on the altar of weighing and measur-
ing; in short, to underrate the value of work at the demon-
stration table.
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There is a certain body of scientific knowledge and a certain
number of scientific ideas with which everybody ought to be
familiar. These ideas permeate the whole atmosphere of
common thought at its higher levels, and provide the basis of
most forms of human activity. Gifted men well versed in other
branches of knowledge, when dealing with certain aspects of
practical affairs, are apt, apparently from the sheer absence
of a common standpoint, to remain incapable either of appre-
hending the train of reasoning adopted by scientific men, or
of seeing the importance of certain classes of evidence which
it is absolutely necessary to weigh before a course of action
can be rightly decided upon.

The ritual of the laboratory must not be confused with
the spirit of science. The spirit of science cannot be weighed
and measured, even if weighing and measuring are necessary
for tracking it down. It is not enough to track it down, it
must be captured; and not infrequently it evades capture
because the reason is lethargic and the imagination dull.

The bed-rock facts of science are, of course, of fundamental
importance, but, as an introduction to the teaching of science,
they are certainly rather unexciting to children. In the early
stages, facts which are not given a background of interest
repel rather than attract. A first-year school course, designed
to give a grounding in elementary science, often consists of
colourless and uninspiring data.

The Training Value of Science

That a formal training in the methods of science is necessary
will be admitted by all, and this formal training must be
exacting, otherwise it will be of no avail. But a thread of
interest of some kind should always run through the earlier
general courses of instruction. Sometimes that thread of
interest may be historical, the teaching being directed, in some
measure, to giving general ideas of the development of science
in the service of mankind. The long and patient struggle

associatéd with the great names in science, the long series of
(r72) 3
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Iucky accidents, of bold hypotheses, of painstaking studies,
the failures and the disappointments as well as tht successes,
are the materials with which the imagination of the pupil
may be kindled. Treated in this way, a science course may
leave on the pupil’s mind a lasting and vivid picture of human
endeavour, throwing light on the past and the present, and
giving glimpses of possible achievements in the future.

But the formal training should have as its ultimate goal
the making of “a cold logic engine ”, as Huxley phrased it:
a training in observation, in the garnering of facts, in the
sifting of evidence, in the framing of hypotheses, in the scrutiny
of hypotheses in the light of new facts, in the training of the
impersonal judgment; in short, the training will be an initiation
into the whole procedure of making a methodical purposeful
quest amongst a tangle of physical happenings. If a boy is
properly trained, the desire for discriminating evidence will
become a predominating factor in his mental outlook.

This training can be effected without making boys embryo
chemists, or electrical engineers, or biologists; without follow-
ing courses of work based on syllabuses of the type of those
for university entrance examinations, syllabuses designed to
serve as preliminary studies of a professional type, to be
extended later. Such courses are too specialized and too
limited. It is true that a small amount of very exact quantitative
work may be done by a boy working for his school certificate,
but at what a cost! Ile may be able to find the specific heat
of a metal accurately to three places of decimals, to find the
refractive index of a prism, to cbtain wonderfully correct
results in troublesome gravimetric and volumetric analyses;
and yet he will probably have no idea how the distance of the
sun was discovered, how a plant breathes, how animals are
classified, or that his own body is the most perfect combustion
engine in the world; and he will be just as ignorant of scores
of other things about which every intelligent person ought to
have a clear understanding. He probably does not know a
tithe of the scientific words in common use, and more likely
than not he is ignorant of the nature of many etveryday
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phenomena and of the applications of many common scientific
principles. The literature of scientific subjects is probably
almost as unintelligible to him as to boys who have never
been taught science at all.

Formal Training versus Cultural Value

All down through the ages educators have quarrelled over
this question: should the chief aim of education be formative
or informational? mind-training or mind-filling?  In the
teaching of science there can be no doubt about the reply:
both are equally necessary. Neither must be sacrificed to the
other, neither given priority. Forty years ago, intellectual
training had given place to the doling out of knowledge; then
the pendulum swung violently back, and intellectual training
was given an advocacy that soon made it paramount. Now
the pendulum is swinging again in the opposite direction.
The partisanship cannot be justified, and it is for science
teachers to see that a proper balance is preserved.

Here is a suggestive extract from a recent letter to Nature.
“ While science has now illuminated the Western world for
some hundred years, no bold attempt has yet been made to
reorganize and direct our social system in keeping with it.
It has been given no cultural value, although it has had a
profound and disturbing effect on all previous types of culture
and @sthetic ideals. The coming of science and industry
has completely changed the world. It has given us social,
economic, and international problems which cry aloud for
scientific solutions, but unless the mass of people is trained
in the atmosphere of science, it will persist in attempting to
solve these problems on traditional medi@val lines.”—This is
an accurate reflection of the opinion of many thoughtful men,
and every science teacher should see to it that he does his
share towards solving the very difficult problem of giving
science an adequate cultural value as well as making it a subject
for training the mind.
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CHAPTER 111
Methods

Methods of By-gone Ages

Are our methods of teaching superior to the methods of
such teachers of by-gone ages as Plato and Aristotle?

Plato and his pupil Aristotle are the great exemplars of
the two contrasted teaching methods that have always divided
schoolmasters into two camps. Plato’s method was to dig into
his own mind for first principles, submit these to the most
drastic criticism, and then to build up a system upon them
as foundations. His method was wholly deductive. His famous
pupil Aristotle broke away from this method and called for
facts. Aristotle’s method was essentially inductive. His founda-
tions were facts about which people were in general agreement.
He profoundly distrusted Plato’s apriorism, yet, curiously
enough, he often violated his own rules.

Plato’s main interest was in man, rather than in nature
in the wider sense. Aristotle’s interests were more compre-
hensive. True, Aristotle was as keen a student of man as Plato
was, but he took the whole of nature for his province. In
criticizing Aristotle, we must bear in mind that in his time
experimentation was in its infancy. Such experiments as
were attempted were necessarily crude. Of apparatus there
was really none, and of methods of scientific investigation
there were no established principles at all.

Some 2000 years later, another great exponent of the
inductive method arose, an Englishman, Francis Bacon. He
laid it down as a fundamentally necessary thing that progsess
in knowledge depended on the accumulation of facts, a sifting
of the facts, an organization of the facts, and a search for
similarities and differences. Aristotle and Bacon were the two
first great advocates of the method which it behoves all students
and teachers of science to follow. It is true that Balon, like
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Aristotle, often broke his own rules, but it is hardly surprising
that he was occasionally enmeshed in the traditional systems of
medizvalism.

But Plato’s method also plays a part in science teaching,
a more important part than is commonly admitted. It was
Plato’s custom to ask his pupils these questions: State what
you really know about this thing; give an exact explanation
of every term you use in your description; how do you know
that your statements are true? on what principles is your
reasoning based? how did you ascertain the truth of those
principles? how did you reason out your conclusion?—Surely
this is a model form of questionnaire for every science teacher,
to apply both to himself and to his pupils.

Plato was a ruthless critic of other people’s conclusions.
He would almost always catch his disciples tripping some-
where. Even his most brilliant students would sometimes use
a word in slightly different senses, and that difference would
inevitably lead to a student’s discomfiture. Aristotle set to
work in an entirely different way. He called for observation
and experiment, for facts, and still more facts; now organize
your facts, he said; what inference can you draw from that array
of facts? are you quite certain that the inference is justified?

So it was with Bacon.

Science teachers may learn much from both Aristotle and
Plato; so may science examiners.

Science Teaching from 1867

Down to the middle of the nineteenth century, science was
the veritable Cinderella of the British school curriculum.
Science itself was making headway, but science teachers were
few, and those few were engaged in fighting down opposition
all round. Canon Wilson,* afterwards Headmaster of Clifton,
was the recognized protagonist, and in 1867 he rang up the
curtain on modern science teaching. We may quote from his
book:

# Canon Wilson is still with us, apparently as intellectually alert*as ever.



16 SCIENCE TEACHING

“ Science is the best teacher of accurate, acute, and exhaustive
observation of what is; it encourages the habit of mind which
will rest on nothing but what is true; truth is the ultimate
and only object, and there is the ever-recurring appeal to facts
as the test of truth.”

‘ Science teaches what evidence is, what proof is.”

“ It 1s important to distinguish between scientific information
and training in science. Both of these are valuable, but the
scientific habit of mind, which is the principal benefit resulting
from scientific training, can better be attained by a thorough
knowledge of the facts and principles of one science than by
a general acquaintance with many.”

“The lecture may be very clear and good; and this will
be an attractive and not difficult method of teaching, and will
meet most of the requirements. It fails, however, in one.
The boy is helped over all the difficulties; he is never brought
face to face with nature and her problems; what cost the
world centuries of thought is told him in a minute; his atten-
tion, understanding, and memory are all exercised; but the
one power which the study of physical science ought pre-
eminently to exercise, the power of bringing the mind into
contact with facts, of seizing their relations, of eliminating the
irrelevant by experiment and comparison, of groping after
ideas and testing them by their adequacy—in a word, of
exercising all the active faculties which are required for an
investigation in any matter—these may lie dormant in the
class while the most learned lecturer experiments with facility
and explains with clearness.”

‘ A master who is teaching a class quite unfamiliar with
scientific method, ought to make his class teach themselves,
by thinking out the subject of the lecture with them, taking
up their suggestions and illustrations and criticizing them,
hunting them down, and proving a suggestion barren or an
illustration inept.”

All this rgads as if written in 1928 instead of more than
sixty years ago. Canon Wilson’s advocacy soon began to bear
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fruit. Some progress in providing facilities for practical work
was made even in the seventies; in the eighties, laboratories
—of 'sorts—»began to multiply; but until the early nineties
progress in this direction was slow.

Every now and then a new educational prophet arises.
He tells us that everything is wrong, and that he alone possesses
the key for putting everything right. "Those of us who have
watched the rise and fall of many prophets are driven to the
conclusion that real progress in methods is a thing of exceedingly
slow growth, and that it is stupidly false to assert that present-
day methods are conspicuously more successful than the
methods of a generation or two ago. And, after all, it is not
so much the method that counts as the man.

Nevertheless, the methods of science teaching have un-
doubtedly improved in some measure.

The Methods of Forty Years Ago

Forty years ago, there were few school lahoratories avail-
able, and these were usually poorly equipped, and such science
teaching as was done was usually done at the demonstration
table; but even for this work the equipment provided was
generally meagre in the extreme.

In those days, as now, a certain number of science teachers
gave ‘“ lectures ”’ to their classes, sometimes using their own
lecture-notes of college days. And in those days, as now,
such lectures were wholly ineffective. *‘ Lectures ” to univer-
sity students are, of course, the normal thing, and lectures
to a Sixth Form are often quite appropriate: students of
trained intelligence want something to bite at. But lectures
to younger boys are out of place, a principle which was as
fully recognized by the majority of teachers forty years ago
as by teachers of the present day. Most teachers of that time
really taught; they did not merely talk; and more often than
not the boys were remarkably keen on their science lessons.
At each step of the demonstration, they had to describe in
accurafe language what had been done, and they were there-
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fore compelled to observe carefully; then they had to say
what might be inferred, and the discussions concérning the
false inferences which pupils often drew were not infreqliently
of great value. Lastly, the results of a series of experiments
were sometimes happily collated, and some point of theory
worked out. Many of the pioneers of those days were really
clever teachers and fully deserved the reputations they
enjoyed.

Of course there were exceptions. I had my own first lesson
in chemistry at the age of ten. We had no laboratory of any
kind, but we did have a well-equipped demonstration table,
and a plentiful supply of reagents, and the subject was taken by
the visiting borough analyst. The first lesson of all—how well
I remember it—was (of course!) on hydrogen, and lasted an
hour. After spending a quarter of an hour on the preparation
of the gas and a demonstration of its properties, the lecturer
developed the atomic theory, and it is quite certain that he
would have included large doses of isotopes and electrons if
he had ever heard of them. Naturally the whole thing was a
failure. But, then, teaching was not his professional work.
For aught I know he would have added still further to his
income by taking on, with the same royal confidence, an
operation in surgery.

Such practical work as was done by pupils themselves in
those days was almost always confined to chemistry, and to
one small corner of that, namely, qualitative analysis, ** test-
tubing ”’, as some unkind critic has called it. Certainly the
work was often unintelligently done. The teacher provided
analytical tables, and a laboratory boy kept a Kipp in going
order and the working-bench shelves stocked with the usual
two dozen bottles of ordinary reagents, in addition to the few
special reagents less frequently wanted. Nearly everything elee
was left to the pupils’ own inner light, and they soon got
into the habit of just saying, “ Yellow: that’s cadmium ”’; and
0 on.

But sometimes the work was so well done as to be of very
substantial vafue. A preliminary discussion on solubilities
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would lead to a boy’s discovering for himself how to detect
and then how to separate silver and mercury in a mixture of
salts of those metals, then how to separate any two members
of the first group, then how to construct a complete separation
table for that group. By that time a boy began to realize the
inner significance of the separation tables, and the work there-
after proceeded intelligently.

The same work was sometimes happily associated with the
systematic study of the common metals, at the demonstration
table, often with valuable results. And sometimes it was
associated with the elementary study of pigments, an interest-
ing development too often overlooked nowadays. Still, it must
be admitted that qualitative analysis was given too prominent
a place; it became too elaborated, and much practice made it
wholly mechanical; tricky mixtures were given in examinations
that demanded an entirely disproportionate amount of time for
previous laboratory practice, and all other forms of practical
work were neglected. Physics received little or no attention,
and thus much of the experimental work in chemistry was
not understood. But qualitative analysis may be made a valu-
able adjunct to any course in chemistry.

When I began teaching in 1886, I was given the oppor-
tunity, rather reluctantly, to give two lessons a week in chemis-
try, as well as the regulation two lessons in mechanics. There
was no laboratory and no fitted demonstration table. The
only balance available was a home-made one costing about
3s. 6d., with scraps of metal for the smaller weights. It weighed
fairly accurately to one decimal place. The apparatus in stock
was worth perhaps £2, and we were quite proud of our bunsen
burner attached by rubber tubing to the gas pendant above
our heads. I had discovered a book by an American professor,
IraeRemsen, a revelation as to method in those days. In the
middle of a lesson on equivalents, two visitors whose names
I did not catch were shown in, and they sat down and listened.
When I had finished they came up and showed what I thought
to be a surprising appreciation of what I had been doing, and
eventually one of them said: “Do you happenato know
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Roscoe’s book on chemistry?” “ Yes,” I replied, “and a
thoroughly unsatisfactory book it is. The writer makes un-
justifiable assumptions about chemical theory before he has
established necessary facts. 1t is the kind of thing that no
teacher ought to do.”” At this stage the second visitor inter-
posed and said, “ I think, perhaps, you are asking for trouble.
Let me introduce you to Professor [afterwards Sir Henry]
Roscoe.” However, in spite of the criticized book, I learnt
more about the teaching of chemistry in the next quarter of
an hour than I might have learnt in the next ten years. In
particular I learnt a much needed lesson—that there is more
than one avenue of approach to the teaching of science, and
that it is sheer folly to assume that science must be taught
according to some particular pedagogue’s prescription.

The advance in the forty years has not been in the direction
of more telling work at the demonstration table, but in the
direction of systematized laboratory training.

The ‘¢ Heuristic ’’ Method

Perhaps the most impatient man in the world of science
teaching during the late eighties and the nineties was Dr.
H. E. Armstrong, Professor of Chemistry at the City and
Guilds Institute, South Kensington, still (1928) capable of
hitting out as straight and hard as in 1888. Apparently the
adolescent boys who were sent to him to learn chemistry
were badly grounded in elementary science, and had little
knowledge of any sort of methodical procedure; and he com-
plained bitterly of the ineffective teaching in the schools whence
they came. 'Thenceforward he became a strong advocate of a
special type of laboratory training, and he revived the rather
unfortunate term ‘‘ heuristic”’ (edploxw = I discover), und
thereby gave the philistines their opportunity. Had the word
adopted suggested search instead of discovery, the philistines
would have been disarmed.

Many years ago I asked a young science master, who talked
a great deal about methods, if I might invite his classical
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headmaster to be present at a first lesson on electricity. He
assentgd readily, and the lesson was given. He had the usual
stock (in those days) of glass rods, sticks of sealing-wax,
ebonite, silk, flannel, and pith-ball and gold-leaf electroscopes,
worked the usual experiments, and tabulated in two columns
on the blackboard his differentiated results. So far, excellent.
Then he began to get the boys to draw inferences, first telling
them that they must not talk of two kinds of electricity but
of two kinds of electrification. The boys’ general conclusion,
arrived at as a result of a string of leading questions from the
teacher, questions which almost put into the boys’ mouths
the words the teacher wanted, were that like electrifications
repel, unlike electrifications attract. The boys were then told
that this was a ““law ”’, and that they had ““ discovered ” it.
Naturally the headmaster, a particularly clear-headed man,
pounced at once upon ‘‘ such shoddy reasoning . *“ All that
you have done is to sort out the things you rubbed and the
things you rubbed with into two classes (though even this dis-
tinction is not logically justified, for you rubbed the silk with
the glass rod just as much as you rubbed the glass rod with the
silk), and you sorted out the results according to the move-
ments of the pith-ball; it was obvious that you were making
use of previous knowledge, for you took care always to rub the
glass rod with silk, and the sealing-wax with flannel. How
then are you justified in saying that you have ‘ discovered ’ that
all substances are divisible into two groups producing opposite
effects? And how can you say that there are two kinds of
electrification? Why two kinds of electrification rather than
two kinds of moonshine? Your classification of the experi-
mental facts is not logical and your conclusions not justified.
I know nothing of the subject but what I have learnt from
youdr lesson, but it is obvious to me that your conclusion is
not an inference at all, but an hypothesis, in other words a
guess, put forward to ‘explain’ your particular grouping of
facts. And why did you use the words attract and repel to
describe the movement of the pith-ball? You might have said
that the pith-ball moved as if there were attrastion and
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repulsion, but there was no evidence whatever in your experi-
ments to explain why the ball moved as it did. Surely,at this
stage you should have been content to describe, and not put
forward an hypothesis which you cannot support. If this is
what you call science teaching I prefer that the boys devote
their time to some other subject.”

The headmaster’s pungent criticism was fully justified.
The grouping of facts is a relatively simple matter. The
“ discovery ”’ of the logical conclusion that may be drawn
from such grouping is more often than not something entirely
beyond the skill of the beginner.

There is thus a need to use the word ‘ discovery”
cautiously.

Professor Armstrong describes the (so-called) heuristic
method thus:

‘ Heuristic methods of teaching are methods which involve
our placing students as far as possible in the attitude of the
discoverer—methods which involve their finding out instead
of being merely told about things.”

“The student is required to solve a number of problems
experimentally: to determine, for example, the composition
of air and water; and the idea of measurement is introduced
from the very beginning, as the determination is made quan-
titatively as well as qualitatively. [Each student receives a
paper of instructions which are advisedly made as bare as
possible so as to lead him to find out for himself or inquire
how to set to work; he is particularly directed that, having
made an experiment, he is to enter in his note-book an account
of what he has done and of the result; and he is then and
there to ask himself what bearing the result has upon the parti-
cular problem under consideration: having done so, he is, to
write down his conclusion. He is thus at once led to consider
what each experiment teaches: in other words, to reason from
observation.”

All this is admirable advice. We now give one of his * papers
of instruetions ’:
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‘“ PROBLEM: To DETERMINE THE COMPOSITION OF AIR

“ N.B.—Be especially on your guard against drawing con-
clusions which are not justified by the result of the experiment;
but, on the other hand, endeavour to extract as much infor-
mation as possible from the experiment.

‘1. Burn a piece of dry phosphorus in a confined volume
of air, i.e. in a stout Florence flask closed by a caoutchouc
stopper. Afterwards withdraw the stopper under water, again
insert it when water ceases to enter, and measure the amount
of water sucked in. Afterwards determine the capacity of the
flask by filling it with water and measuring this water.

“ N.B.—The first part of this experiment requires care and
must be done under direction.

“ 2. Allow a stick of phosphorus lashed to a piece of stout
wire to remain for some hours in contact with a known volume
of air confined over water in a graduated cylinder. After
noting the volume of the residual gas, introduce a burning
taper or wooden splinter into it.

“ N.B.—The residual gas is called nitrogen.

‘3. Burn a piece of dry phosphorus in a current of air
in a tube closely packed with asbestos. Weigh the tube, &c.,
before and after the experiment.

“ 4. Repeat experiment 2 with iron borings moistened with
ammonium chloride solution. Preserve the residual gas.

‘5. Suspend a magnet from one arm of a balance; having
dipped it into finely divided iron, place weights in the opposite
pan; when the balance is in equilibrium, set fire to the iron.

““ 6. Pass a current of dry air through a moderately heated
tube containing copper. Weigh the tube before and after the
experiment; note also the alteration in the appearance of the
copper.

“ 4. Strongly heat in a dry test-tube the red substance
obtained by heating mercury in contact with air. At intervals

* This is apparently the first problem of Professor Armstrong’s chemistry
course. ‘“ The second problem of the course: to determine the composition of

water ” (pp. 227-8). ‘‘ Having studied air, water ”’, &c. (p. 230,,Method of Teach-
ing Chemistry).
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plunge a glowing splinter into the tube. Afterwards note the
appearance of the sides of the tube. (Before performing this
experiment, ask for directions.)

“N.B.—The gas obtained in this experiment is named
oxygen.

8. Heat a mixture of manganese dioxide and potassium
chlorate in a dry test-tube; at intervals plunge a glowing
splinter into the tube. 'This experiment is to acquaint you with
an easy method of preparing oxygen in quantity.

““ 9. Prepare oxygen as in experiment 8 and add it to the
nitrogen from experiment 4 in sufficient quantity to make up
the bulk to that of the air taken for the latter experiment.
Test the mixture with a burning taper or splinter.

‘““ 10. Dissolve copper in nitric acid and collect the escaping
gas (nitric oxide); add some of it to oxygen and some of it to air.

“11. Fillalarge flask provided with a well-fitting caoutchouc
stopper and delivery tube with ordinary tap water and gradually
heat the water to the boiling-point; collect the gas which is
given off in a small cylinder and add nitric oxide to it. Also
collect a sufficient quantity in a narrow graduated cylinder
and treat it as in experiment 2.”

Twenty-five years ago I saw this paper of instructions in
use on several occasions. Never were the results quite satis-
factory. For beginners the instructions are inadequate. Indeed,
this is admitted: ‘‘ the first part of the experiment must be
done under direction ”’; “ before performing this experiment,
ask for directions ”. A dozen boys besieging a teacher with
questions, while another dozen are busy making all sorts of
experimental blunders, perhaps trying to lash a stick of phos-
phorus to a piece of wire, perhaps trying to ‘‘ obtain ” * the
red substance ” by heating mercury in contact with air, is a
sight to see. Even with a small number of boys, the whole
investigation takes half a term, with the time ordirarily avail-
able. Let it be assumed that the training in method may be
an unqualified success; from the point of view of knowledge
gained, the hdlf-term’s work is wholly inadequate. One general
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complaint made by teachers in those days was that difficulties
constantly arose because the chemistry course was not pre-
ceded Dy a course of elementary physics. The phrase *“ sucked
in ” in experiment I suggests that no such course was intended
and that this seriously incorrect explanation of a physical
happening may be accepted.

Apart, however, from details possibly open to criticism, is
the general principle of the method sound? Merely from the
point of view of training in method, the plan, in the hands of
the exceptional teacher, works well with a very small number
of boys, say four or five, where the teacher can be at the elbow
of each throughout the lesson. But how much does the pupil
really discover for himself? Who does the real thinking, teacher
or pupil? Of course with such a small number of pupils a
teacher would at each step tell each inquirer just enough, but
no more. to enable him to proceed. But when a dozen pupils
are all clamouring for help at the same time, how can answers
to inquiries be well thought out? In fact the method presupposes
a very small class and a gifted teacher.

On one occasion in those days, a brilliant young master,
now onc of our most distinguished chemists, who had been
brought up in the heuristic school, gave his first lesson in my
presence. His chief had said to me: ‘I have just appointed
a man who really does believe he can mage the heuristic method
a success.” For his first lesson he had hoped to have a class of
about half a dozen boys, but to his amazement he found that
he had to take forty. He made “ the composition of water ”
the subject of his lesson, and he began by preparing in a variety
of ways supplies of hydrogen and oxygen. Experimentally the
lecture (it did not pretend to be anything clse) was a tremen-
dous success—flashes, flames, sparks, and explosions galore.
Newer were boys more interested. At the end I asked them what
the lesson had been about, and one little urchin said: ‘‘ Fire-
works, sir.””  When I gently chided the master for surrendering
his principles, he replied: “ But I was scared out of my life
at the prospect of facing that crowd of boys.” He had rightly
divined that discipline must be given priority over method.
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@ssentially, the heuristic method is intended to provide a
training in method. Knowledge is a secondary consideration
altogether. The method is formative rather than inform&tional.
Such training, if properly carried out, does cultivate painstaking
and observant habits, and encourages intelligent and indepen-
dent reasoning. It does bring home to boys clear notions of
the nature of experimental evidence, and the boys do learn
that answers to questions can often be obtained from experi-
ments they can work for themselves.

On the other hand, progress is inordinately slow, even with
exceptional teachers. Far too little ground is covered in a
term. The work attempted is confined almost entirely to
physics * and chemistry, and boys get a wrong idea of science
as a whole, or, for that matter, of physics and chemistry as a
whole. The succession of exercises is rarely planned to fit
into a general scheme for building up a subject completely;
bits of a subject are chosen just because they lend themselves
best to the particular type of training. Time is wasted over
experiments that are beyond the pupils’ skill and ought to be
performed by the teacher. The whole method tends to be
spoilt by its background of false perspective.

Unless the term “ discovery >’ is confined to just the final
result that naturally follows from suggestions and leading
questions made by the teacher, it had better not be used. A
boy never * discovers ”’ a principle, and it is doing him a
disservice to let him think he does. Above all things, science
teaching demands intellectual honesty.

At the same time, no system of science teaching is likely
to be effective unless it is animated by a spirit of search, whether
at the demonstration table or in the laboratory. The pupil
ought to see that the work he is engaged in, or that his teacher
is engaged in, is a problem, and a problem worth solving, aot
merely a laboratory “ exercise ”’. The teacher should keep
the pupil’s mind in a state of tension; he should compel the
pupil to follow up the details of an experiment, and to piece

* Physics as viell as chemistry have been included in all school courses for
many years,
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the details together; but the pupil’s own inference, if correct,
will ngver contain more than was included in the experiment,
save something drawn from his stock of old knowledge. If
the conclusion contains something previously unknown, that
something was in all probability provided, somehow and some-
when, by the teacher. A beginner in science may ‘“ discover ”
a test-tube hidden in a drawer, but he will rarely or never
discover a principle lurking in a group of facts. The boy may
be taught to experiment, to observe, to sort out, to record,
and to do all those things unaided; and he may be taught to
search for resemblances and differences; but the new thing,
the unknown thing, has, as a rule, to be given him.

The attempt to teach science merely for the sake of the
training it may afford has resulted in much ineffective work.
Still, ““ the spirit of inquiry ” should most certainly be en-
couraged, and should run through any course of science teach-
ing. By all means get boys interested in common occurrences,
and lead them to follow up clues as to possible causes. Boys
love to solve puzzles, to unravel mysteries. Encourage them to
devise experiments to test their own explanations of things they
have observed. Make them keen inquirers. Encourage habits
of independent thinking about evidence obtained first hand.

* I have never had the privilege of hearing Professor Armstrong teach, but I
have learnt from several of his old pupils a good deal about his methods, and 1 am
driven to the conclusion that he has never told us in either his books or his lectures
what the secret of his method is. And I doubt if he is really aware of his own secret,
any more than Colburn the calculator was, or any other person with exceptional gifts.
His secret is not to be found in the use of the balance, or in heuristics, but probably
in his own personality—his rather tart impatience towards his students, his refusal
to help them one iota more than is absolutely necessary, his amazmglv clever and
ever-ready questions to meet the needs of the moment, his resourcefulness under
all experimental difficulties, his untiring help to his students his rather *“ grumpy
manner ”’, and his rare words of praise. Said one old student, “We didn’t like him
at all at first, but he was a clever teacher. We felt he could almost see the thoughts in
our minds and tell exactly how much help we really wanted in order to overcome
our difficulties. Of course we never discovered anything important ourselves. We
got shat from Professor Armstrong or from books. But I think most of us did
learn to understand things pretty clearly.”

I wonder if Professor Armstrong, during all his teaching experience, ever had
to teach a class of really dull students? Doubtless he has had new students totally
ignorant of science, perhaps clumsy and stupid when first turned on to experi-
mental work. But a class of really unintelligent students? 1 doubt it. Certainly
not if those of his old students with whom I am acquainted are any criterion.

He would hardly call a beginner unintelligent for-failing to obtain the ““red sub-
stance’’ from mercury heated in contact with air!

(E72)



28 SCIENCE TEACHING

Lecture-room and Laboratory

'The heuristic method is supposed to be based exclusively
on laboratory work, the lecture-room being abolished. Its
exponents sometimes grudgingly make the concession that
formal lessons at the demonstration table are occdsionally
required to supplant the laboratory work, to drive home facts,
and to clarify things generally. In actual practice, all teachers
give such lessons, knowing well that otherwise their pupils’
knowledge will remain nebulous, and their ideas more nebulous
still.

Suppose that the work at the demonstration table takes the
place altogether of work in the laboratory. Suppose that the
teacher does all the experimental work and the pupil does none.
What then?

First of all, what is a “lecture-room ”’? The term is
appropriate enough in a college; perhaps even in a school, for
the Sixth Form. But for younger pupils lectures qua lectures
are out of place. Such pupils cannot follow chains of reasoning.
They must be given one point, or at most a few points, at a
time, and these must be understood and known before further
points are considered. The veriest tyro of a teacher knows this.
But what is a “ demonstration table ” and what is a demon-
strator? Properly speaking, a demonstrator is one who performs
experiments to illustrate, to confirm, to verify facts and prin-
ciples enunciated by the lecturer. The assembled students
listen, observe, and make notes. Formally they are not
“ taught ”. They are not examined or cross-examined. If
they do not digest the fare provided, that is their look-out.

But in a school the lecture-room is a place for teaching,
and the demonstration table is the teacher’s laboratory bench.
The teacher works experiments, often because the experiments
are beyond the pupils’ skill; the lesson consists of questions
and answers all the time—directed questions, and in case of
emergency leading questions, and answers which are used for
cross-examipation and for further questions. The teacher does
not wogk experiments primarily to verify, but to present new
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facts; and such facts thus presented at first hand are made
the basig of the whole lesson. It is true that the pupils are not
using their hands, but it is this freedom that enables them to
give all their attention to the teacher; their attention is not
divided by their having to engage in difficulties of manipulation.
(It is, of course, assumed that the teacher is able to compel
sustained attention.)

Who shall say that such a method may not be effective?

Suppose that a teacher plans out a course of work in a
subject, then makes out a list of all the experiments he con-
siders necessary for establishing facts and principles, ticks off
those experiments which can safely be left for the pupils to
do, and decides to reserve the rest to be done by himself at
the demonstration table. Who shall criticize him for such a
division of labour?

The success of present-day science teaching in this country
—and much of it is undoubtedly successful—is probably largely
due to a happy combination of demonstration-table and labora-
tory training. The Germans are not great believers in laboratory
training for pupils (at all events were not, in pre-war days);
they argue that it is wise policy not to give the pupils an oppor-
tunity of making mistakes. The Americans, on the other hand,
tend to pin their faith to laboratory methods, methods which
are, however, more strictly inductive than they are * heuristic .
Americans, including Canadians, have devoted an enormous
amount of attention to methods of teaching, and it is doubtful
if they have very much to learn from us. Their prepared
“ instructions *’ for pupils’ laboratory work are often remark-
ably good.

The Germans ascribe much of their national thoroughness
to their system of science teaching by lectures. The Americans
ascribe much of their national keenness to their system of
laboratory training, essentially a training on inductive and
problem-solving lines.
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Lecture-room wversus Laboratory

Attempts have been made in America to estimate the
relative values of work done by the * lecture ”’ method and
the laboratory method. One plan consisted in preparing a
course of work for two classes of pupils, the course being given
to one class in the lecture-room, the pupils of this class doing
no experimental work at all, and to the other class in the
laboratory, the teacher in this case doing no experimental work
at all but giving such individual help as might be wanted from
time to time. The two classes were of about the same average
age, and of about the same average ability. For the laboratory
class, very detailed papers of instructions were prepared, and
a copy given to each pupil in order that he might set to work
with a minimum of help from the teacher. A copy of the
same instructions was given to, and had to be followed out
by, the teacher in the lecture-room. At the end of the course,
an examination was held, the same for both classes. The
result was in favour of the lecture; the pupils had clearer
ideas of what they had been taught, and they remembered
their facts better. Three months later, a second examination
was held, the questions being different from those at the first
examination. Neither the teachers nor the pupils had been
warned of this second examination, so that there was no sort
of special revision. This time the result was slightly in favour
of the laboratory pupils, who remembered the details of the
experiments better than did their competitors; the latter,
however, still had rather clearer ideas of what the aims of the
experiments had been. But the most interesting fact is this:
that the next term the * lecture ” pupils not only attacked new
problems better than the ‘‘laboratory ” pupils, but were
actually more skilful in laboratory manipulation. -

It is quite unsafe to draw any general inference from such
an experiment. The data are too scanty, the factors involved
too variable. The experiment might with advantage be repeated,
other expewments with the same end in view be devised, and
the resulds of the different experiments compared. It is evident,
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however, that those who roundly condemn lessons given in the
lecture-room should pause. If it can be shown that the lecture-
room nfethod is as good as the laboratory method, both as to
training and as to knowledge imparted, a great saving of time
might be effected in our science teaching.

But we must suspend judgment.

The Historical Method

Some science teachers are strong advocates of developing
a subject, not by first establishing accepted principles but by
following the order in which investigators all down through
the ages have gradually worked out the subject from its early
beginnings. It is urged that chemistry in particular lends
itself well to this treatment, that it is highly instructive to let
a boy see how one hypothesis after another has been over-
thrown in the light of new facts, and that only in this way
does he ever learn to adjudicate the real worth of scientific
theory. It is, of course, an excellent thing for a boy to form
the habit of asking whether an hypothesis is adequately sup-
ported by facts, and thus to lecarn that he must never try to
make his facts fit the hypothesis. And no doubt the gradual
development of the atomic theory can be unfolded historically
in a very illuminating way.

The method can be pursued either in the laboratory or in
the lecture-room or in both. But it is by no means always
easy, indeed not always possible, to repeat the experiments of
early investigators. A more serious objection is the inevitably
slow progress which results from the method. It simply does
not pay to spend a whole lesson over, say, the phlogiston hypo-
thesis. Moreover, fundamental principles are apt to be obscured
both by experimental details and by incidents in the lives of
former investigators, details and incidents that are not worth
remembering.

But some subjects, especially those that do not lend them-
selves to experimental treatment, may be developed historically,
and to great advantage. In what better way can atronomy be
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taught to an upper form than by successively taking up the
work of Ptolemy, Copernicus, Kepler, Galileo, Newton, Kirch-
hoff, and others? And if only a very limited amount’of time
can be devoted to geology, what better general outline can be
found for a Sixth Form than in Geikie’s Geologists? Then there
is much to be said for developing the subject of mechanics
historically. Two lessons a week for a term could be pro-
fitably spent over the work of Stevinus, Pascal, Kepler, and
Newton; and in this way, as in no other, the foundations
of mechanics are likely to be well and truly laid, especially if
Mach’s criticisms are taken to heart.

Well-known stories from the history of science, such as
Archimedes and his bath, Newton’s question why the moon
does not fall as an apple falls, always appeal strongly to a boy,
and may be made the means of arousing interest for wrestling
with the difficulty of a new principle. And such a book as Sir
Richard Gregory’s Discovery ought to be read by every Sixth
Form boy in every school, whether science is his special subject
or not. It is full of good stuff, stuff with which every educated
person ought to be familiar.

If the historical method is adopted, the general method of
the history teacher must be followed. The boy must be taken
back and immersed in the period under study, be made not
only to live with the people of that time and in their environ-
ment, but also to understand the stage and state of knowledge
of the time and what materials the investigator then had to
work upon. What is the use of discussing Roger Bacon and his
work unless a boy first understands something of the spirit
of mediavalism—that any person who attempted to unravel
nature’s secrets must be a special emissary of Satan himself,
and be punished accordingly.

On balance, it may be said that teaching in accordance
with historical sequence is not to be recommended for subjects
usually taught up to the Fifth Form—physics, chemistry, and
biology.

The teaching of the history of science generally is quite
another patter, and provision should always be made for it.
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Huxley’s Method

So*far as I know, Huxley never taught in a school, but
those of us who sat under him as a lecturer never hesitated to
say that he was the most brilliant teacher we had ever known.
His lucidity of exposition was extraordinary. As far back as
1869 he gave a course of lectures to young people at the Royal
Institution, his subject being physiography. The lectures were
afterwards printed in book form, and for more than a generation
the book was regarded as a model of scientific method.

But this was before the days of school laboratories. The
lectures were frankly lectures, illustrated by experiments.
Huxley said: ““ It appeared to me to be plainly dictated by
common sense that the teacher who wishes to lead his pupils
to form a clear mental picture of the order which pervades
the multiform and endlessly shifting phenomena of nature,
should commence with the familiar facts of the scholar’s daily
experience; and that, from the firm ground of such experience,
he should lead the beginner, step by step, to remoter objects
and to the less readily comprehensible relations of things. 1
conceived that a vast amount of knowledge respecting natural
phenomena and their interdependence, and even some practical
experience of scientific method, could be conveyed, with all
the precision of statement, which is what distinguishes science
from common information. And I thought that my plan would
not only yield results of value in themselves, but would facilitate
the subsequent entrance of the learners into the portals of the
special science.”

Huxley began with the familiar phenomena of a local river
basin, and showed that the muddy waters of the river, the hills
between which it flows, the breezes which blew over it, are not
isodated phenomena to be taken as understood because familiar;
but that the application of the plainest and simplest processes
of reasoning to any one of these phenomena suffices to show,
lying behind it, a cause, which again suggests another; until,
step by step, the conviction dawns upon the learner that, to
attain even an elementary conception of what gdes on in his
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parish, he must know something about the universe. Thus
Huxley worked out, in a most admirable way, the principles
of what we should now call physical geography, all trficeable
to the elementary principles of physics, chemistry, biology,
and elementary astronomy. Huxley’s pupils were active and
not merely passive listeners; they learnt. They could not but
learn, for Huxley was a born teacher, and the machinery of his
method counted for little. His method embodied, in its spirit
and mode of presentation, the true principles of scientific
method. His scheme was an ever ramifying logical develop-
ment from facts already familiar to the learner.

The ‘¢ Concentric > Method

This is less a method than a scheme of organization. It is
exemplified in the late Professor Sylvanus Thompson’s book
on magnetism and electricity, in which the whole ground is
covered twice, the first time in outline, simply and qualitatively;
the second in greater detail, with elementary mathematical
considerations and with some approach to general complete-
ness. 'The principle is, of course, that, in school practice, a
subject can scldom be begun and be given an exhaustive
treatment as it proceeds. A first and simple presentation of a
subject may, often with advantage, be given to boys of, say,
14, gaps filled in the following year, and perhaps further gaps
a year or two later still. This applies particularly to the different
branches of physics. In the case of chemistry, the subject may
be so organized that going back to early work, except for
revision purposes, is less necessary. It is all a question of
what pupils are capable of assimilating at each stage of their
course.

We give two illustrations of this grading principle.—Sup-
pose that the subject to be taught is the rainbow. The whol& of
the necessary work might be divided into three distinct stages:

Stage 1.—Boys 12 to 14—Work wholly observational. (The
phenomenon being comparatively rare, there would be no
objection nfa particular class being given the first opportunity
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that occurred for making actual observations outside the school.)
From a whole class, under guidance, the following observations
might be expected, written records afterwards being made:
(a) the obvious conditions of occurrence-—the rays of the sun
shining on falling drops of rain; (b) the brilliant colours of
the bow, and their order; (c) the reversed and fainter colours
of the secondary bow (if the latter is visible); (d) the relatively
dark sky between the bows; (e) the general faint illumination
inside the primary and outside the secondary bow; (f) the
bows apparently the arcs of concentric circles; (g) the posi-
tion of the obscrver with respect to the sun and the bows;
(#) (with the teacher’s help) the height of the bow and the
height of the sun. The angular diameter of cach bow might
perhaps also be roughly determined by the teacher, with the
help of the quicker boys. The succeeding class-work would
probably consist of (1) the making of written records by the
boys; and (2) the determination of the fact that the arcs of
the bows have their common centre on the line joining the
sun to the eye of the observer.

Stage 2.—Boys 15 to 16.-—The subject would be taken up
again in connexion with the study of optical reflection and
refraction. An artificial bow would be produced by experiment,
and an explanation—based as far as possible on (a) the boys’
previous recorded observations, (b) the work just done in con-
nexion with reflection and refraction, and (c) the artificial bow
—would be given of (1) the formation of the bow by refraction
and reflection; (2) the fact that no two persons can see the
same bow, since the position of the base of the cone changes
with the position of the apex; and (3) the fact that a reflected
bow seen in the water cannot be the * image ” of the bow
seen in the sky.

Stage 3.—Boys 17 to 18.—Simple theory of the bow, from
a consideration of the principles of interference and the neces-
sarily constant angular radius of each bow, primary and
secondary (about 41° and 52°). The complete mathematical
considerations will, naturally, be beyond the ordinary school
course.
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Or take the subject of capillarity. Here, again, no teacher
would attempt to exhaust the subject at any one stage. While
observations of common capillary phenomena oughf to be
made and recorded by quite young boys, theoretical considera-
tions can be taken up only at later stages.

Stage 1.—Observational work in connexion with simple
experiments: (1) experiments with sponge, blotting-paper,
sugar, chalk, cotton wick, a piece of cane, &c.; (2) adhesion
of water to glass—effects studied before and after glass is
polished; (3) capillary elevation and depression—plates and
tubes; (4) study of “drops”; (5) experiments with soap
bubbles; (6) study of plane soap-films; (7) liquid * skins ”
(8) experimental illustrations (by the teacher) of the mode of
formation of liquid figures by the principle of least superficial
area.

Stage 2.—Study of surface tension and pressure; curvature
of surface; angle of contact.

Stage 3.—Simple mathematical considerations.  (Here,
again, the complete mathematical theory is beyond a school
course.)

Present-day Tendencies

Interesting experiments have become common in the
teaching of experimental science to boys of about 12 by begin-
ning the subject, not in the orthodox way of establishing
principles step by step, but by handing over to a class a piece
of mechanism,* it may be a bicycle, or perhaps an electric
bell, telling the boys to discover everything about it they can,
to consult people and to consult books, and to come prepared
a week or so later to discuss the whole thing with their teacher.
Each boy is able to contribute something to the common s¢ock
of facts, and a few boys will probably contribute much. For
sorting out and arranging the facts, suggestions from the boys
are called for; and a series of lessons are then arranged for
working out principles, the known facts being supplemented

* See p. 82



METHODS 37

by others derived from experiments which are worked either
in the laboratory or at the demonstration table. In its way,
it is the heuristic method over again, but there is no pretence
that the boy is going to * discover ’ very much. He may
discover how the thing works, but most of the why will be
left to the teacher, and certainly the principles behind the
how and the why will be mainly the business of the teacher.
One great advantage of such a scheme for young boys is that
they are really interested in the business in hand. And even
older boys immediately show a keen interest when given an
opportunity to investigate, say, the working of a fiddle, or a
kaleidoscope, or a pump, or perhaps the working of a reci-
procating engine, or an internal-combustion engine, or a
dynamo. The subsequent serious work is understood and
enjoyed much more than it would be if the subject were begun
in the orthodox way. And the more that young boys are given
a chance to make things, especially things that will *“ work »’,
the more real do such subjects as mechanics and physics become
to them.

In America, the “ topic ” method finds great favour. A
topic is announced, and the pupils are asked to say what they
already know about it. In the discussion that follows, questions
are bound to arise that no member of the class can answer,
and these are jotted down for investigation. Suppose that the
topic is air. The class will suggest a score of things at once:
winds, ventilation, breathing, combustion, the diving-bell, the
barometer, the pump, the airplane, the composition of air,
liquid air, compressed air, and so forth. Clearly there is half
a term’s work here on the physics and chemistry of air, even
when it is decided to postpone certain features that at the
moment are too difficult. A course is organized accordingly,
and the boys feel that it is their course. Or perhaps the topic
chosen is the artificial lighting of the school; the suggestions
made may include visits to the local generating station, to
investigate the generation, transmission, and distribution of
the current; the wiring of the school, lamps, meters and
measurement, switches, fuses, and so forth. Thesimmediate

(X3 »
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fruit of these suggestions is an organized course in current
electricity. But it is a great thing for the boys to feel that it
is their course, and not a course thrust upon them by auﬁlority.

The plan is not so much a method of teaching as a method
of approach to a subject. As always, the teacher himself is
the man at the wheel, but the boys love to think that the ship
would founder were it not for what they do.

This American system is said to work well. Boys are
encouraged to consult books and read up the subject in hand;
and in every lesson in classroom and laboratory fruitful contri-
butions are, it is said, often made by the boys. The boys ask
questions for the teacher to answer; the teacher asks questions
for the boys to answer—it may be at the next lesson. Clearly
the method has possibilities. The final aim is, of course, to
work out main principles from accumulated facts, rather than
to make the facts illustrate principles already established.

General Remarks on Method

Whatever general method is adopted, in detail it should as
far as possible be consistently inductive. Begin with facts,
facts which are already the common stock of the pupils, then
with further facts obtained whenever possible from experiments,
whether these are performed by the teacher or by the pupils.
The next step will be generalizations from the facts. Thus
far the work is merely foundational. As soon as the first
hypothesis is put forward by way of some necessary explana-
tion, a teacher’s rcal trouble begins, for then both he and his
pupils are sailing away into cloudland.

But remember that the inductive method may break down.
Inductions by beginners are necessarily rather wild. Nothing
is more common than faulty inductions, and the inductive
method will inevitably betray the unskilled teacher. The
discovery of a general law is sometimes the result of ar inspira-
tion, sometimes the result of a guess, rarely the result of logical
analysis; and such discovery is hardly reducible to principles
that can bedught. At all events the necessary teaching requires
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great skill. Inductions can often be illustrated and verified by
experiment, but the logic of the laboratory is generally spurious
stuff. Any sound reasoning is likely to be the teacher’s own.

Remember the inevitable danger of lectures. A preacher is
supposed to be a teacher, but sermons are proverbially narcotic.
It takes a Huxley or a T'yndall to lecture and keep the listeners’
minds in a state of tension. Above all things let your method
be such as to compel your pupils to think and to reason. Let
your method be logical. Let the facts and the hypotheses
which link them be set and seen in a clear picture—a puzzle
picture in which the boys see exactly how the pieces fit to-
gether.

Beware of the pseudo method of discovery. ‘ Pour H,SO,
on granulated zinc, and you will discover that hydrogen is
given off 7!

Beware of verification methods. * Show that ferrous
ammonium sulphate contains one-seventh of its own weight
of iron.”” This is simply asking for the evidence to be cooked.

When a boy works an experiment, keep him just enough
in the dark as to the probable outcome of the experiment, just
enough in the attitude of a discoverer, to leave him unprejudiced
in his observations.

Do not adopt the heuristic extremist’s principle that a
pupil must not be permitted to take anything second hand.
Life is too short.

Do not make the fatal mistake of thinking that all boys
have an instinct and imagination for making discoveries, or
can be made first-class workers in the laboratory. In any
average science class, be satisfied with 25 per cent of a’s,
50 per cent of fB’s, and 25 per cent of y’s, but do not stick
labels on the 4’s for all the world to recognize them.

Teach boys the virtue of recording all mistakes as well as
successful results. 'Tell them that all science workers make
mistakes: that that is almost the normal thing! Faraday, the
most resourceful experimenter that the world has ever seen,
said that he learnt far more from his mistakes than from his
successes. A boy’s laboratory note-book containitg no mis-
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takes is never a true record of the work he has done, and it is
morally wrong to let it be presented as if it were such a gecord.

The pupil’s notes should tell a plain tale to people who
were not present when the record was made, and they should
be written up in the laboratory, in ink, when the work is in
progress.

In the laboratory, a teacher should have everything in
readiness before a lesson is due to begin, including instructions
as to the procedure to be followed in all experiments to be
performed. If these instructions are given orally, they are
forgotten; dictated, they take up much time; written on the
blackboard, they are not permanent, and have to be written
up again for a future lesson. Typed instructions answer best.

Whatever general method of teaching you adopt, do every-
thing possible to economize time. It is bad economy—it is
worse, it is sheer waste of time, to say nothing of a lack of
ordinary teaching intelligence—to worry beginners about, say,
the difference between density and specific gravity, or * pres-
sure at a point ”’, or the number of stamens in a flower.

When devising methods for yourself, remember that good
method can result only from the constant observation of
certain broad principles. These include orderly procedure
throughout a lesson, throughout the work of a term, throughout
the whole course of instruction; an arrangement of subject-
matter by which a waste of time and energy may be avoided;
a distribution of emphasis which will secure the greatest co-
operation from the pupils and maintain their active interest.
But do not think that method can be worked out into a body
of fixed and stereotyped rules of procedure, each applicable
to its appropriate subject, as a kind of ritual to be observed
by all teachers in all circumstances. Claims that this can be
done may be rightly scorned. Teachers are not machines, to
be turned by a handle.

At the end of each school year, let every science teacher
under 35 take stock of the progress he has made in methods
since his last stock-taking. Let him put his conclusions on
paper, gna#se them, and note down for future use any new
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basic teaching principles, and any material which will strengthen
principles previously formulated. In this way let him build
up his own professional doctrine. The annual progress thus
recorded may not greatly count unto him for righteousness,
but at least it ought to count to his professional satisfaction,
and to provide him with a defensive armour against destructive
critics, should these ever assail him.

CHAPTER 1V
Self-training

Hints to the Beginner

If you have not been trained but are lucky enough to obtain
a first post as a junior, in a school with a large science depart-
ment, under an efficient and experienced senior, all may be
well. If you are unlucky enough to obtain a post where you
have to work single-handed, your experience during the first
year or two will almost certainly be purchased at the expense
of your pupils. It is only fair to them, and it is greatly in
your own interest, that you should obtain permission to visit
two or three schools where well-known science teachers are
at work, to observe, to ask questions, to make notes. Happily,
there is amongst science teachers a camaraderie which all be-
ginners should take immediate measures to share. If you are
in or near London, attend lectures on method at the London
Day Training College whenever possible. Make friends with
Professor Nunn, and when in doubt or difficulty, ask his
advice. Also make friends with the many clever people on the
Science Masters’ Association, or the Association of Women
Science Teachers; they will always be willing to help you.
Become an active member of one of those associations. Read
The School Science Review regularly; every numbur contains
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useful articles written by teachers who really know their
business. Obtain permission from the Board of Eglucation
to attend one or two summer courses in science teaching; the
time so spent will be of the greatest possible help. Then there
is the question of reading. What books can you most profit-
ably read, to help in your self-training?

Books to Read and How to Read Them

The ordinary standard works of science will help but
little. These you will, presumably, have read already. The
books to be read now are those which will help you to learn
to teach. Of these there are two kinds which will help you much:
(1) school-books written by prominent science teachers; (2)
original records of the rescarches of great men of science.
Books of the first kind should be read right through, not so
much for the particular sections or particular lessons they
contain, as for the authors’ general method of approaching
and tackling their subjects from the teaching point of view.
Read one book through and try to catch the spirit of the author’s
method. Then read a book by a second author, then one by
a third, and so on. Now compare and contrast the different
methods. They are bound to be different, though perhaps all
are excellent. Try to learn something from each, then sit down
and try to evolve a general method of your own. Do not copy
other people’s methods. If you adopt a general method which
you have not worked out for yourself, label yourself * second
class ”’ straight away. Let your general method of teaching
be your own child, to be nurtured on the best brain-food you
can give it. The text-books you provide for your pupils’ use
will doubtless subserve a very useful purpose, but do assume
the captaincy of your own pedagogical quarter-deck.

Remember that the books in the following list are to be
read through, not for the sake of the scientific facts they contain
but in order that you may learn how the authors teach. Some
of them are quite out of date as regards development of subject-
matter, but for our present purpose that is of no consequence.
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1. Mr. Holmyard’s Inorganic Chemistry.

2. Mr. S. E. Brown’s Experimental Science.

3. Sir Richard Gregory’s text-books (there is usually a col-
laborator).

4. Professor Alexander Smith’s Introduction to Inorganic
Chemistry.

5. Mr. J. B. Russell’s Notes on the Teaching of Elementary
Chemistry.

6. Shenstone’s Inorganic Chemistry.

7. Ramsay’s Experimental Proofs of Chemical Theory.

8. Mr. E. A. Gardiner’s First Year Course in General Science.

9. Mr. Willings’ General Elementary Science.

10. Mr. Ivor Hart’s Introduction to Physical Science.

11. Mr. Calvert’s Heat.

12. Mr. Hadley’s Electricity and Magnetism.

13. Professor Ganong’s Teaching Botanist.

14. Smith and Hall’s Teaching of Chemistry and Physics.

All these will repay careful reading, no matter what subject
of science you have to teach. You will probably learn more
about methods of science teaching from books on chemistry
than from books on other subjects. Ramsay’s book is open to
serious criticism. Can you see why? Remember that Ramsay
was a front-rank chemist.

The following books are more general, but from the point
of view of method they are equally valuable.

15. Huxley’s Physiography.

16. Huxley’s Discourse on a Piece of Chalk.

17. Faraday’s Chemical History of a Candle.
* 18. Any half-dozen of the Royal Institution series of Christmas
lectures to young people. (Those of the last fifteen or twenty years
are extraordinarily good from the teacher’s point of view. They are
full of useful teaching tips, but it must be remembered that they are
lectures; for teaching purposes they would have to be largely re-
modelled.)

Now we come to original records of the research of great
men of science, records which tell you exactly how great dis-
coverers set to work. Teachers who have read these records
readily admit their great indebtedness to them, especially from

the point of view of a clear understanding of scientitic method.
(B72) 5
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. Newton’s Opticks.

. Faraday’s Researches.

. Cavendish’s Researches.

. The Alembic Club Reprints (especially Black’s experiments on
magnesia alba, &c.).

5. Gilbert White’s Natural History of Selborne.

6. Darwin’s Vegetable Mould and Earthworms.

7. Priestley’s Different Kinds of Air.

8. Davy’s The Safety Lamp.

Lastly we may consider books for particular subjects.
Suppose chemistry is the special subject you have to teach.
Select a number of elementary books in the subject, written
by well-known teachers; note how each writer works out a
chemistry course, then compare the different schemes, topic
by topic. TFor instance; what part do lecture demonstrations
play in the teaching? what part laboratory work? how are
these two things associated? how are theoretical principles
established, inductively or deductively? and so on. The follow-
ing books, amongst others, are well worth comparing: Mr.
Holmyard’s, Professor Alexander Smith’s, Mr. Hooton’s,
Messrs. Dootson and Berry’s, Mr. Miller’s. 'The respective
methods differ radically. Compare them and master them,
and then you ought to be able to work out a satisfactory method
of your own.

Suppose electricity and magnetism is the special subject
you have to teach. Amongst other books, read the following:
Dr. Jude’s, Mr. Kempson’s, Mr. Ashford’s, Mr. Carl Hansel’s,
Professor Sylvanus Thompson’s (still suggestive in some ways),
Mr. Hadley’s, and some such book as Mr. Hutchinson’s
Technical Electricity. As before, master the principles of each
writer’s methods, then work out a method of your own. Dis-
regard the fact that a writer may, from the point of view of
technical knowledge, be hopelessly out of date. We are here
concerned with method. (Never mind advanced text-books:
advanced science is easy enough to teach. The real trouble
is to devise satisfactory methods for boys of 13 to 16, whatever
the science subject may be.)

Suppose heat, light, and sound is the branch of physics

PN -



SELF-TRAINING 43

to be taught. Tyndall’s books, though nowadays obtainable
only sggond hand, should be the first to be mastered; the
suggestions as to treatment are delightfully fresh still. And
do not begin to teach light without first reading Mr. W. E.
Cross’s Elementary Physical Optics and noting how easy it is
to develop the whole subject from the point of view of the
wave theory. Wave motion is not an easy subject to teach,
but Fleming’s Waves and Ripples is full of useful teaching
suggestions. Read also Professor Poynting’s, Protessor Watson’s,
Sir Richard Gregory’s, Mr. Brown’s, Mr. Willings’, Mr. Cal-
vert’s, and Mr. Lewis Wright’s books, amongst others; com-
pare the different methods, but do not copy them.

Suppose mechanics is the subject. Mr. Ivor Hart’s Intro-
duction to Physical Science and Mr. C. E. Guillaume’s Mechanics
will give the teacher many useful hints for beginning the sub-
ject.  So will Todhunter’s almost forgotten books, Mechanics
and Natural Philosophy. 'Then the methods of Sir Richard
Gregory and Mr. Hadley, Mr. Eggar, and Mr. Ashford may
be compared; and Maxwell’s little book Matter and Motion
is still refreshingly suggestive. Lastly, Mr. Fletcher’s article
in the 1904 volume of the School World should be read through;
it is probably the best teaching text-book, if text-book we may
call it, that has been written on the subject. Avoid text-books
on mechanics that do not develop the subject on an experi-
mental basis. Mach’s Mechanics is the best book for the history
and philosophy of the subject; it is also the best book for making
a teacher aware of many possible pitfalls in the handling of
many of its principles.

Suppose you are going to give a particular lesson, say in
chemistry, the subject chosen being the quantitative analysis
of a bronze coin. Consult two or three authoritative standard
works, say Professor Hartley’s, Professor Thorpe’s, and Mr.
Newth’s. The methods may be broadly the same, but it is
almost always possible to fasten on differences of detail that
may be of the greatest possible use from the purely teaching
point of view. Suppose it is a question of, say, the composition
of ammonia. Would you adopt Mr. Holmyard’s or Mr. Hooton’s
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or Mr. Newth’s or some other writer’s method? You should
not adopt any one of them, not because they are not ggod, but
because they are not yours. Get what teaching help you can
from them all, but let the method you use be the method you
have worked out for yourself.

Some writers describe methods which, for teaching pur-
poses, are very much better than others, even though the latter
may on the technical side make a stronger appeal to a man
with an expert knowledge of his subject. In teaching it is a
safe plan always to make some sacrifice of refinement of
technique in order to ensure simplicity. An expert chemist
or physicist may sometimes be tempted to adopt a method
because of its technical * neatness ’, but if this is more diffi-
cult of apprehension to the pupil than some simpler method
that may be less attractive to the expert, the latter method
should be chosen for teaching purposes. In short, in making
a choice of method, always adopt that method which the pupil
can follow out and understand clearly. In any demonstration,
a single point left vague may be fatal.

Occasionally you may find in a text-book a topic so admir-
ably worked out that you are inclined to “‘ lift ” it. As the
writer presumably intended it for all the world to use, your
sin will be a very venial one! Here are a few of such worked-
out topics, chosen quite at random. Try to improve on them—
if you can.

1. Professor Alexander Smith: first notions of the qualitative
and quantitative properties of gases.

2. Mr. Holmyard: chemical equilibrium.

3. Mr. Willings: introduction to the reciprocating steam-engine
and the internal-combustion engine.

4. Shenstone: composition of water.

5. Stewart and Gee: the measurement of time.

6. Mr. S. E. Brown: pressure measurements; experiments with
Mr. Fletcher’s trolley; laboratory experiments in heat, generally.

7. Sir Richard Glazebrook: first experiments in spectrum
analysis.

8. Poynting and Thomson: experiments for illustrating capillarity
and surface tension (ignore the mathematics, for present purposes).
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9. Professor Ganong: irritable response of plants.
10. ‘Sir Frederick Keeble: osmosis and osmotic pressure.

But never adopt another teacher’s method if you can possibly
improve upon that method.

CHAPTER V
Laboratory Directions, Bad and Good

Directions Open to Criticism

No part of a science teacher’s work is more difficult than
the preparation of suitable “ directions ” or * instructions
for pupils’ practical work in the laboratory. Even for his own
work at the demonstration table, a previously worked out
course of procedure will be necessary, and this will be so far
like the detailed laboratory directions provided for the pupil
that it will show clearly the succession of steps to be taken
for the purpose of building up a logically developed scheme.

We will first give a few examples of laboratory directions
open to criticism.

1. Here are successive experiments, taken from an early
chapter in a book of Experimental Chemistry for Junior Students,
written by a well-known professor of chemistry. The subject
of the chapter is AMMONIA.

““ Experiment.—Introduce about one c. c. of Hg into a wide test-
tube; gently warm the metal over a flame, and, directing the mouth
of the tube away from the person, drop in a fragment of clean metallic
sodium about half the size of a pea. If the Hg be warm enough, the
sodium will at once dissolve in it with a little explosion—if not, heat
gently. Then introduce another piece of sodium of the same size,
and after its solution a third. A silvery white amalgam of sodium is
thus prepared which retains the metallic lustre. Now pour out the
warm and still liquid amalgam into about 250 c. c. of a cold saturated
solution of sal-ammoniac. The amalgam quickly increases to at least
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fifteen times its original bulk, and ultimately becomes a large pasty
mass, light enough to float on the surface of the liquid. This mass
can be removed and washed with water; it presents a brillfant and
metallic appearance, but it is very unstable and soon decomposes,
evolving ammonia and hydrogen gases, and after some time nothing
remains but the original mercury.”

“There is therefore some experimental evidence as to the
existence of a compound radical ammonium, and the close
analogies traceable between its saline and other compounds
and those of potassium and sodium confirm this view.

‘“ Experiment.—Powder half a gram or so of iodine, and add it
with frequent stirring to 20 c. ¢. of AmHO solution; allow it to stand
for half an hour until a black powder has completely subsided, then
pour away the clear liquid and distribute the black residue on pieces
of bibulous paper. Put these in some safe airy place to dry. When the
black substance is dry, a touch suffices to make it explode, when violet
vapours of iodine are evolved. If small quantities are operated upon
and reasonable care exercised, the experiment is not attended with
danger.

‘' The black substance is called iodide of nitrogen, and is really a
mixture of ammonia derivatives. The formula for the chief substance
is NHI,. Analogous bodies are produced by the action of chlorine
(chloride of nitrogen) and of bromine (bromide of nitrogen); but
these are amongst the most dangerous explosives known.

‘ Many other derivatives of ammonia are known in which various
groups of elements replace one or more atoms of hydrogen in NHj;
we may here give the formule of three of these important bodies:
NH,(C,H;)" (ethylamine); NH(C,H;)’; (diethylamine); N(C,H;)’s
(triethylamine).”

Such experiments are unsuitable for inclusion in the study
of ammonia in a beginner’s course; they are of no use in
developing the first principles of the subject; and they are
too difficult at such an early stage. The directions are not
detailed enough for beginners, even though they tend to give
the case away and make the work mere verification.

2. Next, we take a portion of a chapter on BROMINE, from
a school chemistry course written by a former well-known
science master at one of the leading public schools.
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““ SOME PROPERTIES OF FREE BROMINE

““ 1. Notice the offensive odour of bromine, taking care not to
expose the eyes to the vapour, and only to smell it when freely diluted

with air.
“2. Place a cork in a bottle containing bromine, and observe

that the cork is rapidly destroyed.

“ 3. Put a drop of bromine in some water. Notice that it sinks
(D = 3-19), partly dissolving and giving a yellow solution.

“ 4. Cool some bromine water to 4°. Crystals having the compo-
sition Br,10H,0?, form.

“5. Add a drop of bromine water to solution of iodide of po-
tassium containing starch. Iodine will be liberated and form blue
iodide of starch.

“2KI + Br, = 2KBr + I..

“ 6. Pass hydrogen through a U-tube containing fragments of
pumice stone soaked with bromine, and provided with a jet; ignite
the mixture which escapes. Clouds of dense colourless acid fumes,
resembling those of damp HCI, will testify to the formation of an acid
fuming gas. This is hydrogen bromide (HBr).

“ . Place some Dutch gold in bromine. The metal will combine
with the bromine, but much less readily than with chlorine.

“ 8. Place a strip of Turkey red twill in some bromine water.
It will be bleached much less rapidly than when chlorine is em-
ployed.”

With such instructions as these, the pupils would engage
in mere mechanical routine. They would know exactly what
is going to happen, or at any rate what is supposed to happen,
before they performed an experiment. In such circumstances,
is the average boy likely to engage in active observation?

3. The following is taken from an early page in an American
professor’s book written specially for those who are beginning
organic chemistry. The pupils have, presumably, done a
certain amount of inorganic work previously, though nothing
is said about this.
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* CHLOROFORM, CHCI,;, anp Iopororm, CHI,

“ Chloroform or tri-chlor-methane is made by treating :)rdinary
alcohol with bleaching powder. The action is deep-seated, involving
at least three different stages. Chloroform is a heavy liquid, of specific
gravity 1-526. It has an ethereal odour, and a somewhat sweet taste.
It is scarcely soluble in water. It boils at 62°. It is onc of the most
valuable anzsthetics.

‘ Experiment.— Mix 550 g. bleaching powder and 1} litres
water in a 3-litre flask. Add 33 g. alcohol of sp. gr. 0-834. Heat
gently on a water-bath until action begins. A mixture of alcohol,
water, and chloroform distils over. Add water and remove the chloro-
form by means of a pipette. Add calcium chloride to the chloroform,
and, after standing, distil on a water-bath.

¢ Todoform, which is extensively used in surgery, is madz by
bringing together alcohol, an alkali, and iodine. It is a solid substance,
soluble in alcohol and ether, but insoluble in water. It crystallizes
in delicate, six-sided, yellow plates. Melting-point, 119°.

““ Experiment.—Dissolve 20 g. crystallized sodium carbonate in
100 g. water. Pour 10 g. alcohol into the solution, and after heat-
ing to 80°, gradually add 10 g. iodine. The iodoform separates from
the solution.”

The directions for these experiments are inadequate. They
require redrafting and supplementing. To give a mere list
of properties, without suggesting some experimental method
of at least verification, is unsatisfactory.

4. Here is an example from a school text-book of physics.
Apparently the author is a specialist teacher of the subject.

¢ MEASUREMENT OF THE HEeAT ofF FusioN

‘““Let it be required to find approximately the quantity of heat
that disappears during the melting of one kilogram of ice. This
quantity is most readily determined by the method of mixtures.

‘“ Experiment.—Weigh out 200 gm. of dry ice chips (dry them with
a towel), whose temperature in a room of ordinary temperature may
be safely assumed to be 0° C. Weigh out 200 gm. of boiling water,
whose temperature we assume to be 100° C. Pour the hot water upon
the ice, and stir it until the ice is all melted. Test the temperature of
the resulting liquid.
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““ Suppose its temperature is found to be 10° C. It is evident
that the temperature of the hot water in falling from roo® to 9o°
would yield sufficient heat to raise an equal mass of water from
@° to 106° C. Hence it is clear that the heat which the water at 9o°
yields in falling from 9o° to 10°—a fall of 80°—in some manner dis-
appears. At this rate, had you used 1 K. of ice and 1 K. of hot
water, the amount of heat would be 8o calories. Careful experiments
in which suitable allowances are made for loss or gain of heat by
radiation, conduction, absorption by the calorimeter, &c., have de-
termined that 80 calories of heat are consumed in melting I kilogram of
ice.”

Give the instructions to a class of beginners, watch the work
in progress, then examine the class to find out what they have
learnt.—The instructions are neither adequate nor lucid, and
the reasoning in the second paragraph is unsatisfactory. The
words ‘“ suppose ”’ and ““ had you used ” are out of place in
reasoning from experimental data.

5. Another example from physics, from an American book
by an American professor and a collaborator.

“ MUSICAL SOUNDS

“ All musical instruments are capable of giving out sound-waves
of regular intervals. The vibrating spring in the following experiment
illustrates the action of a tuning fork.

““ Experiment.—Take a long straight piece of clock-spring and
fasten it in a vice or clamp, leaving about 40 or so0 cm. projecting
horizontally. Set this part vibrating and note the regularity of its
swings, observing that, like the beats of a pendulum, they take about
the same length of time, whatever the length, or width, of the swing.

“ Shorten the vibrating part, and observe the effect upon the
quickness of the swing. Shorten it to 2 or 3 cm., and observe that now
it gives out a good musical note.

““ A long piece of rubber tubing, fastened at the ends and stretched,
illustrating the action of the strings in a piano or violin, would be
found to vibrate regularly with a quickness depending on the degree
of tension.”

Observe “ that they take about the same length of time”’!
Ask a class to work the experiment. and then to write down
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how they were able to tell that the swings took about “ the

same length of time ”. Contrast the lucid instructions given by
Stewart and Gee (pp. 186—91 of their book) on %1(: iso-
chronism of torsional vibrations. The experiment, as above
described, would certainly not lead to the observation called
for.

Directions which may be regarded as Models

We now give examples of directions which have been well
thought out, and are exactly what the pupils need in order
that they may set to work in a really intelligent way.

1. The first is taken from Mr. Holmyard’s Practical
Chemistry, pp. 101-2.

“ PREPARATION OF NORMAL SALTS

““ Normal salts may be prepared in several ways, the choice of a
method of preparing a given salt being governed by consideration of
convenience.

“ Method 1. By Neutralization.—If the acid and base are both
soluble, the salt may be obtained by neutralization. Prepare sodium
chloride in this way:

‘ Dissolve about § gm. of caustic soda (NaOH) in about 30 c. c.
of distilled water in a beaker. Pour most of this solution into a clean
evaporating dish, but reserve a few c. c. in the beaker. Mix some
of the laboratory °concentrated hydrochloric acid > with its own
volume of water, and gradually add the diluted acid to the caustic
soda solution in the basin. After the addition of every few drops of
acid, stir the liquid well, and take out a drop of it on the end of a glass
rod. Test this drop with both blue and red litmus paper. The solu-
tion will at first be alkaline, i.e. it will turn the red litmus blue. Neu-
trality is reached when the solution has no decided effect on the litmus
of either colour. Continue the addition of acid until this stage is
reached. If you accidentally add too much acid, bring the solution
back to the neutral point by careful addition of some of the caustic
soda solution which you have reserved in the beaker. Take care
to get the solution in the basin exactly neutral; the experiment as a
whole is so simple that if you fail in this point you must be considered
to have failed in the experiment altogether.

‘“ When the solution is neutral, carefully evaporate it over iron



LABORATORY DIRECTIONS 53

jauze. Salt is not much more soluble in hot water than it is in cold,
;o that you must evaporate the solution practically to dryness. Allow
‘he basin to cool, scrape out all the crystals on to a pad of filter paper
ind allow them to dry.

‘“ Taste the crystals; you will find, if you have been careful in
1eutralization, that they have the flavour of table salt.

““ The equation for the reaction is:

“ NaOH + HCl = NaCl |- H,0.”

Then follow other methods of preparation, all given with
‘he same happy lucidity. The whole book is worth reading
through for the sake of its lucidity alone. Many of the experi-
ments are worth marking down for their own sake. See, for
instance, Experiment 34 (p. 44) on catalysts.

2. The second is taken from Smith and Hale’s Laboratory
Outline, p. 65. The letter ‘“ R ” signifies that the pupil is to
“ refer >’ to Alexander Smith’s Introduction to General Inorganic
Chemistry. The notes of interrogation signify that definite
questions have to be answered.

“ SULPHUR

“(1). In a very dry test-tube, place a very small piece of roll
sulphur with 2 to 3 c. c¢. of carbon disulphide and shake. Allow the
clear solution to evaporate spontaneously (i.e. without the aid of heat)
in a watch-glass [Hood], and describe the crystals [R 138] (?).

“(2). In a dry test-tube place about 5 gm. of roll sulphur, melt
the substance with the least possible application of heat (the material
must remain pale yellow), and pour into a beaker of cold water. Dry
some of the product with filter paper, and test its solubility in carbon
disulphide as in (1).

“(3). Melt about 10 gm. of sulphur in the same test-tube, and
heat until it boils (?). Note the changes in colour and fluidity that
occur. To learn the nature of the substance formed by heating, chill
the sulphur while it is boiling vigorously, by pouring it suddenly into
cold water (?). Note the physical state of the product, dry a part with
filter paper, and examine its solubility in carbon disulphide (?). Set
the remainder aside for a few days, and then study its appearance and
solubility again. Keep also the test-tube from which it was poured,
and examine, at the same time, in both these respects, the sulphur
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which remained adhering to its walls, and was not cooled so
suddenly (?). Account for the change when sulphur is heated, and
the differing results of rapid and slow cooling [R 369].

‘““ Why are we convinced that none of the changes was due to inter-
action with the water?

“ (4). Mix in a mortar 2 gm. of iron filings and 1 gm. of powdered
sulphur. Transfer to a dry test-tube and heat gently (?). When cool,
break the test-tube in a mortar and test the black product (?) for solu-
bility in carbon disulphide.”

3. The following is taken from the List of Exercises in
Physics, by Professor Hall, required of candidates for admission
to Harvard.

“ FRICTION BETWEEN SOLID BODIES

““ Apparatus.—A spring balance of about 250 gm. capacity; a rec-
tangular wood-block about 8 cm. X 8 cm. X 4 cm.; a smooth sheet
of paper about 18" X 12”.

“ (1) First consider the velocity of the motion; that is, ask whether
the force required to keep up a slow steady motion is greater or less than
that required to keep up a more rapid steady motion.

‘“ Lay the block upon one of its broad sides, and attach it to the
spring balance by a thread passing around but not under the block.
Load the block with weights until the force required to maintain a
slow steady motion is about 3 oz. Draw the block parallel to its
grain along the sheet of paper several times with a very slow steady
motion, and then several times with an equally steady motion two
or three times as fast. (As the paper is likely to grow somewhat
smoother under the repeated rubbing, do not make all the slow trials
first, but change from slow to fast, and fast to slow a number of times.)

‘“Record your conclusion as to whether the slow or more rapid
motion requires the greater force.

““(2) Next try to find out whether, the total weight being the same
as before, it is easier or harder to draw the block on a narrower side than
on a broad side.

‘“ Use the same block and the same load of weights, pulling it now,
as before, parallel to its grain. (The sides of the block must always
be clean, and the broad and narrow sides as equally smooth as
possible.)

“ Record your conclusion as to whether the broad side or the narrow
side offers the greater resistance to the motion.
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“(3) Finally, ask what connexion there is between the total mass
drawn and the force required to draw it.

“ For this purpose, vary the weights placed upon the block, using
not less than 6 oz. for the least, and as much as 16 oz. for the greatest
load.

‘ Add to the load in each case the weight of the block itself, and
make the record in the following form, W being the load, and b the
weight of the block:

W+ b F (Force required)

Look for any simple relation between (W + b) and F.

“ (In the next part of the investigation, the block was made to
slide down a sloping board covered with a sheet of paper, arrange-
ments being made for varying the steepness of the board.)”

4. The next example is from Mr. J. B. Russell’s Notes on
the Teaching of Elementary Chemistry, intended for young
beginners.

‘“ SoME EFFecTs OF HEAT ON SUBSTANCES

‘“ Heat, one at a time, each of the substances named in the list as
directed, and try to see all that happens.

Mercury. Soda. Lead Nitrate.
Nitre. Borax. Sal-ammoniac.
Iodine. Red Lead. Blue Vitriol.

“(1) Describe the substance in such a way that a person after
reading your description might readily pick out the right substance
from among the others.

‘“(2) Place on a strip of paper, bent in the form of a shoot, about
sufficient of the substance to cover a shilling, and introduce it into
a clean dry test-tube without soiling the sides.

““ (3) Heat the tube at first gently and then more strongly. Watch
all that happens. Allow to cool and examine the residue.

““ (4) Immediately after each experiment write down an account
of all that you have observed, and in addition answer the following
questions:
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‘(i) Does the substance left in the tube appear to you to be the
same as, or different from, the original substance?
‘“ (11) Does any substance appear to leave the tube?—if so, describe
1t.
“(iit) From which of these substances are two, or more, distinct
substances obtainable?”’

5. Here is an example from Professor Ganong’s Teaching
Botanist. The author claims to present to his class every new
topic in the form of “ a problem so arranged as to be solved
through proper inductive processes by the pupils’ own efforts ™.

“'THE ANATOMY OF THE SEED

“I. (a) Study the outside of the dry Lima Beans; compare several
specimens and observe what features are common to all and what
are individual; minutely observe:

(1) What is the typical shape?
(2) What is the colour?
(3) What markings have they?

“ Answer, as far as possible, by drawings made twice the natural
size; add notes to describe features which drawing cannot express.
> g

‘“(b) Remove the coatings from soaked seeds.

‘(1) What effect has the soaking had upon the markings, size,
and shape?
‘“(2) How many coats are there?
“(3) Do the external markings bear any relation to the structures
inside?
““(4) What shapes have the structures inside, and how are they
connected with one another?

*“ Answer, as before, by drawings and notes.

*1I. Study fully in the same way the Horse Bean.
“III. Describe the resemblances and the differences of the Lima and
the Horse Beans.”

6. In contrast with the last, we give an example from
another botanv text-book: what s the contrast?
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‘“ ENDOSPERMIC SEEDS

““ The Date.—Examine a date seed (i.e. the ‘ stone’). Notice the
deep groove along one side. Scrape the surface on the other side, to
sec the small embryo embedded in the stone (endosperm). Cut the
stone across at this point; then dip the stone in dilute sulphuric acid
and apply iodine (test for cellulose). Plant some date-stones in damp
sawdust or soil, set in a warm place (a heated greenhouse if possible),
and sketch stages in their germination. Open the stone in some of
the seedlings, and then notice the softening of the stone and the
extent to which the cotyledon has grown inside it. Notice in sections
of the stone that the cell-walls become thinner, and that starch appears
in the young root and shoot, in darkness as well as in light. The
digestion (conversion into sugar) of the reserve food (cellulose) is
due to the secretion of a ferment (cytase) by the cotyledon.”

The suggestions for the systematic examination of the seed
are excellent, but there is hardly anything left for the pupil
to discover for himself. He has to “ notice  things that he
is told may be seen. Suppose that he wrote in his note-book:
“1I cut sections of the stone and noticed that the cell-walls
had become thinner and that starch appeared in the young
root and shoot.” How could the teacher tell whether the
boy had actually done the work and had not spent the half-
hour in idleness? Why should a boy trouble to notice a thing,
when it means trouble that it is entirely unnecessary to take?—
These instructions just fall short of being a model of what
instructions should be. For the purely private worker, they
are excellent.

A few other good examples may be appended:

7. Glazebrook and Shaw’s Practical Physics, pp. 152-5:
to determine the value of g by observations with the pendulum.

8. Stewart and Gee’s Practical Physics, pp. 24-6: to obtain
and fix magnetic curves.

9. Professor Armstrong’s Teaching of Scientific Method,
p. 230: the comparative study of silver and lead (for fairly
advanced pupils).

10. Mr. T. G. Bedford’s Practical Physics, for present-day
methods as practised in the Cavendish Laboratory. Half a
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dozen of these experiments would give advanced boys a good
idea of reasonably refined methods of measuremenfs; say,
linear expansion experiments, determination of the mechanical
equivalent of heat, determination of the magnifying power of
the microscope, resonators, the relative capacities of con-
densers, and the study of the motion of a pendulum.

Here are a few examples of exceptionally well-written and
lucid records of observations: Lubbock’s Ants, Bees, and
Wasps, pp. 176-81; Sir R. Lankester’s Science and Education,
pp. 128-9 (for Tyndall’s explanation of the optics of a wet
towel), and pp. 164-5 (for the process of repair in a severed
Achilles tendon); the examples given in The Writing of Clear
English, pp. 123-70. For a well-written-up account of a topic
treated historically, see Mr. G. H. Wyatt’s story of the Baro-
meter, with references to Galileo, Torricelli, and Pascal, in the

School World, for May, 1914.

CHAPTER VI
A Common Cause of Failure

First Illustrative Example: Boyle's Law

A common cause of failure, especially at the demonstration
table, is due to one or both of two things: (1) the main purpose
of the investigation has not been made clear to the pupils;
(2) the pupils are unprepared by previous training for the new
lesson in hand.

We may illustrate the point, first, by reference to the usual
“ verification ”” of Boyle’s law. Obviously the pupil must
already be familiar with (@) the nature of a ratio, and (b) fluid
pressure.

It is not unusual to find the experimental results from a
Boyle’s law apparatus tabulated under p, v, and pv, for the
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teacher to point out that po is constant, and that therefore the
pressure is proportional to the volume, and to leave it at that,
althougﬂ the pupils may never in their lives have had a lesson
on ratio and proportion. Boyle’s law is too difficult a subject
for a first lesson in proportion. The notion of a ratio and of
proportion must already be clearly apprehended, or the lesson
on Boyle’s law is bound to be ineffective.

One or two simple cases of inverse ratio might sufficc by
way of introduction. For instance:

1 man can build a wall in 64 days.
~. 4 men can build a wall in 16 days.
. 16 men can build a wall in 4 days.
~. 64 men can build a wall in 1 day.

Such a simple illustration is useful, despite its inherent absurdity
in practical life. The boy sees that the products of the numbers
of men and days are constant; that a ratio composed of any
pair of selected terms from the first column is equal to the
inverted ratio of the corresponding pair of terms in the second
column. Now graph the result and make boys familiar with
the general form of the rectangular hyperbola (the name is of
no consequence). Of course all this is unnecessary if in algebra

the boys have already reached the stage of graphing y = ;

But it is fatal to approach Boyle’s law until the boys have a
clear, if elementary, notion of inverse proportion.

In the next place, the problem involves the comparison of
balancing columns of fluids—a liquid against a gas. It is an
application of the principles of fluid pressure, and these prin-
ciples must therefore have been studied already and clearly
understood. Boyle’s law itself, as a new thing, is quite enough
for boys to have to understand in one lesson. The previous
lessons on fluid pressure would probably include:

1. The ordinary U-tube: the common level of the surfaces
of the water columns in the two arms.

2. Ditto, the U-tube having arms of different bores.
(w79 A
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3. Ditto, Pascal’s vases: the heights of the columns are the
same, whatever the volumes. ,

4. Water balancing mercury in a U-tube; how the densities
may be compared by mecasuring the vertical heights
above the “ surface of scparation . Dwell on the
fact that the mercury in the bend, bclow this parti-
cular surface level, would remain in equilibrium if
the liquid columns above were removed, and that
therefore these two columns must balance each other.

5. The inverted U-tube (Ilare’s apparatus). Show why
the columns balance: the full atmospheric pressure
is the same on the liquid surfaces in the two beakers,
and the reduced atmospheric pressure is the same
on the surfaces of the two liquid columns. Vary the
the form of the apparatus by using tubes of different
bores, irregular tubes, and tubes out of the vertical.
The result is always the same if vertical heights are
measured: this measurement in terms of vertical
heights is the important point. (It is unnecessary to
develop Pascal’s principle mathematically at this
stage.)

6. The mercury barometer: again merely an affair of
balancing columns—a column of mercury balancing
a column of air—measured vertically from the same
surface level.

By this time the pupils ought to be prepared to understand
the usual procedure of a Boyle’s law investigation.

But how to begin?

Perhaps in this way.—I take an ordinary gas jar with a
well-fitting piston. I push down the piston and so press the
contained air into a smaller volume. The farther I push down,
the harder the work becomes. Is there any relation between
the amount of pressure I exert and the volume of the air under
the piston? How can we investigate this? Suppose I push
down the piston until I have halved the original volume of
air and then measure the pressure I am exerting; then press
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down again, until I have halved the remainder, and again
measurg the pressure; and so on. Would this tell me what I
want to know? Yes. But how am I to measurc the pressure?
—that is the question. Here is the plan that Boyle devised.

And so on.

The boy now knows exactly what the investigation is to be
about. And he is already familiar with the elementary prin-
ciples of fluid pressure and with the principle of inverse ratio.
There is thus just one new thing for him to learn, viz. how to
use his knowledge of fluid pressure to find the relation between
p and v. When he has found this relation, he will recognize
it as an old friend, viz. the relation of inverse ratio.

The fragment of the rectangular hyperbola sometimes
graphed from the values experimentally obtained is seldom
recognizable for what it is, and is of no value if deductions
are to be drawn from it.

That Boyle’s law is only an approximation would be men-
tioned to a Fifth Form and would be explained in a Sixth,
but would not be mentioned to a Fourth.

Second Illustrative Example: The Law of Charles

We may select for discussion the procedure laid down by
Professor William Ramsay in his little book Experimental Proofs
of Chemical Theory for Beginners* It begins:

* Expansion of Gases by Heat.—Law: all perfect gases,
when heated, expand sv5 of their volume, measured at o° C.,
for each rise of 1° C. (Law of Charles). Required to prove this
law approximately for air, between the temperature of the room
and the boiling-point of water.”

Then follows a description of the apparatus used (the usual
300 c. c. round-bottomed flask heated in a pot of boiling water),
and details of the experiment. These details are as exact,

* This_curiously misnamed book should be in the possession of every science
teacher. The experiments for verifying laws are particularly well chosen. But
of course we cannot “ prove ” theory. We may perform an experiment to verify
a law, or to confirm the possibility of the truth of some hypothesis. But if we could

prove ” theory to be * true ", the theory would become identical with objective
reality, and cease to be ‘‘ theory "’ entirely.
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definite, and practical as might be expected from so eminent
a chemist. Nothing at all is said, however, by way of ¢xplana-
tion, and even the meaning of x has to be inferred by the
pupils. Finally, this scheme is given:

Calculation of results.

Capacity of flask .. .. - a
Water which has entered on coolmg .. .. b
Volume of air at lower temperature .. .. a—b>b
Temperature of cold water . .. .. t
Temperature of boiling water .. . . 100°

Increase of volume measured at o° per degree ..

The relation to be found is as follows:

Volume of cold air __ e

Volume of hot air L+ 1

Multiplying the last two terms by x,

_ (100 — t)a — 100b

—

A somewhat similar scheme is given by the writers of
many other text-books.—In order to see if the scheme is
workable, I have given it to classes of intelligent boys on many
occasions, but never have I obtained intelligible results. Fairly
accurate results, from the point of view of mere measurement,
may be obtained, of course; but a comprehension of the
purpose and of the procedure, no.

The first thing to do is to make the pupil understand
clearly the purpose of the experiment. We may argue in this
way:—

The purpose of the experiment is to find out the increase
tn volume of a cubic centimetre of air, when it is heated from
0° C. to 1° C.
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We cannot in practice work with a single c. c. of air (about
a third ®f a thimbleful), and we cannot in practice heat the gas
Just from o° to 1°. But we can work with a larger quantity of
air, and heat it through a greater range of temperature. Will
this do? Can we obtain from such a result the result we are
seeking? Let us try. ‘

Suppose I take a flask which will hold, say, 546 c. c. of air
at o° C., heat it up to 80°, and then find that the volume of air
1s 706 c. c.

Evidently I used 546 times as much air as I really wanted,
so I must divide the increase by 546; and I heated it 8o times
as high as was really necessary, so I must also divide the increase
by 8o.

The increase in volume was 706 c. c. — 546 c. c., viz.
160 c. c.

Hence I may say:

Since 546 c. c. at 0° has increased at 80° by 160 c. c.,

. 160 c. c.
" 1 c. c. at o° has increased at 80° by ————,
546
and 1 c. c. at o° has increased at 1° by I6oc.c or . c.;
546 X 80 273

i.e. 1 c. c. of air, in expanding from o° to 1°, has become 1z};3 c. c.

’e call this increase of 3w}y the coefficient of expansion. (A
sefficient is merely a number or the fraction of a number,
used to measure some property of a substance. It is always

the same for the same substance.)
It is useful to write the result in the form of an algebraical

formula:

Let V, = volume of the air at o° C.

Let V; = volume of the air at ° C. (the temperature to which
it is heated).

Let x = the coefficient of expansion.

Then x = & Vt", which is exactly like the arithmetical
[1)
fraction above.
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But how is such an experiment to be worked in practice?
We ask the boys to make suggestions. They will be uzzled
and will fail. They will probably say: ‘“ If we heat to 100° a
flask full of ice-cold air, the air will expand and some of it will
be driven out, but how is it possible to measure this expelled
portion?”” We answer: ‘‘ It would be so difficult to do it satis-
factorily that we do not attempt it, and we adopt an entirely
different plan, a plan that seems to be the reverse of the other.
We take a flask with air already heated to 100°, let it cool down
to 0°, then measure the contraction.”

A general preliminary discussion of the actual experiment
to be performed may now take place, the apparatus being on
view, and the blackboard being used freely:—

We use a flask, corked, with a short glass tube through
the cork, and a short piece of india-rubber tubing slipped over
the glass tube. A clip serves to close the tubing.

We obtain the volume of the flask by filling it with water
and measuring this water in a measuring jar. We will suppose
it to be 300 c. c. The flask is now emptied and dried.

We now plunge the flask, full of air, into boiling water,
so that it is completely covered, except the india-rubber tubing.
The air expands, and some of it escapes. Keep the flask in
the water for some minutes so that the contained air is heated
to 100° C. Close the clip, and lift the flask out. Now invert
the flask and immerse it in a vessel of cold water plentifully
supplied with pieces of ice, and let the contained hot air cool
to 0°. Open the clip under water; some of the water rushes
in, the air having contracted. Pour this water out of the flask
and measure it in a measuring jar. Suppose it to be 8o c. c.
Then we know that the volume of the ice-cold air was (300 — 80)
c.c., e 220 c.c.

We may now argue that a volume of 220 c. c. of air at
o° C. would expand to 300 c. c. if heated to 100° C., and we
can therefore find the coefficient as we did in the imaginary
case we began with.—It seems rather a backward plan of setting
to werk—to talk about measuring expansion. when we reallv
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measured contraction; but if you think about it you will agree
that owr reversal of the process is quite legitimate, and gets us
over a practical difficulty.

A preliminary discussion of this kind will make the boy
familiar with the broad principle to be investigated, and with
the unusual form of practical procedure in the experiment.
He need not be worried with such small points as pressure-
differences at this stage; they can be taken up when the main
principle has been mastered.

It is always preferable, at first, to work with the two
temperatures o° and 100°. To work at “ the temperature of
the laboratory ” for the lower temperature merely serves to
confuse the main issue and to increase the boy’s difficulty of
always working from first principles. Never use a formula
in such cases as these if it can possibly be avoided. The main
thing is to get the physical notion clearly grasped. It is always
undesirable to let a boy think that when he is working out
algebra he is doing real physics.

The alternative plan of using a horizontal narrow glass tube
with a mercury index, and with a thermometer attached, the
whole enclosed in a steam-heating glass jacket, is not to be
recommended. The boy has then to measure lengths only,
and the all-important idea of volume is apt to be lost sight of.

Said a boy on being asked a question at the end of a par-
ticular lesson on this subject: I am awfully sorry, sir, but
although I was easily able to follow Mr. X in everything he
said, I do not understand at all what he meant to teach us.”—
Always make quite sure that the boys really do understand the
nature of the problem they or you are investigating.
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CHAPTER VII

The Content of the Normal Science
Course

The Course up to School Certificate Stage

The School Certificate examination forms a definite divid-
ing line between the four or five years’ general science course,
extending from about the age of 114 or 12 to that of 16} or
17, and the more exacting specialized course which usually
extends over the next two years in preparation for the Higher
Certificate or for entrance to the universities. The former
course applies to all pupils, and for some it will be the only
course. It is therefore desirable that it should be, as far as
possible, comprehensive and complete in itself. It should not
consist merely of a preliminary training in preparation for
advanced work; it should be sufficient to enable a boy to obtain
some insight into science as a whole, however limited that
insight may have to be. A treatment on broad lines is thus
essential. There is no time for the inclusion of much purely
technical knowledge, and great discrimination is necessary in
deciding what to include in and what to exclude from this
preliminary course up to 16} or 17.

That physics and chemistry will always be the main
subjects is inevitable. They form the foundations of all other
branches of science. But this does not mean that biology
should be excluded, as is often the case. Biology is an essential
subject of any school science course.

The best work before 12 or 13 is not easy to decide upon,
for boys and girls are not then old enough to face the difficulties
of a formal training in physics and chemistry. Nature study
in some form is often begun at the age of 7 or 8, and in its
broader aspects it may be profitably continued until after 12.
It was the fashion for many years to include *“ physical measure-
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b

ments > in the preliminary science course, but the subject is
the corXern of the mathematical staff. T'ime cannot be spared
for it in the science course. There is a great deal of preliminary
work that may be done in the laboratory at this stage—the use
of test-tubes and flasks, filtration, decantation, evaporation,
distillation, the use of the bunsen, the use of the balance, the
heating of common substances and the alteration in their
weights, the study of the U-tube, expansion, the simpler
properties of air and water, and written descriptions of all
the experiments performed. 'This kind of work has to be
done sometime, and it can be done by young children easily
and profitably.—We shall return to the subject in the next
chapter.

Then come the four (or five) years of systematic work in
physics, chemistry, and biology. In some girls’ schools, the
last two of the four or five years is often devoted mainly to
botany. In other schools the only biology possible is squeezed
into the summer terms of the two years preceding the School
Certificate year, and sometimes biology is omitted altogether.

The old argument that children cannot appreciate experi-
mental investigation, and cannot therefore profitably begin
science until about 14}, has rightly been given up. Experience
shows that physics and chemistry may be begun, at least in
an informal way, at 124 or 13.

Those schools that include in the five-years’ course nothing
but elementary mechanics and heat are not treating science
seriously; indeed, they are treating it contemptuously. No
boy should leave school thinking that science consists of only
physics and chemistry, and to turn him out with such a scanty
fare as one small portion of physics is to turn him out hungry
indeed.

It is a common criticism that even in schools where science
receives serious attention, the four- or five-years’ course consists
of only physics and chemistry. Even so, the subject-matter
included in the course is often unduly academic, and scarcely
touches applications to everyday problems. Principles are
often taught with little or no reference to the phenomena of
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nature they explain, and the course is planned as if the main
object was to lay the foundations for specialized stutly at a
later period. It is a common thing for a boy to be given a
good training in laboratory methods, and yet to leave school
without knowing either that he has been devoting four or five
years to the study of energy under different guises, or that the
conservation of energy is a great principle underlying the
whole. There is something seriously wrong in a science teacher’s
outlook when time is spared for lessons on, say, that elegant
instrument the quadrant electrometer, and still more time is
spared for lessons on the chlorides of sulphur, and yet no time
is devoted to the consideration of such things as the thermionic
valve or common soap. Phenomena which are matters of
everyday experience should never be lost sight of, and the
pupils’ interest in the world around them should constantly
be aroused and sustained.

When the systematic course begins at about 13, let the
principal aim be not only to provide an exacting mental dis-
cipline and a training in logical method but also to make the
pupils acquainted with the principles and foundations of
common physical phenomena. In any course, a good deal of
quantitative work will naturally be necessary, for measure-
ment is the main avenue to exact thought in physical science;
but do not let time be wasted in emulating the exact measure-
ments of the National Physical Laboratory. It is a mistake
to spend time in this way. In planning out a physics course,
let all branches be fairly represented. The question of syllabuses
will be dealt with in a future chapter, but it may be said here
that no elementary physics course is satisfactory that does not
include considerations of the heating and lighting of the home
by gas and electricity; electric traction; telegraphy and tele-
phony including * wireless ’; common optical instruments
including the spectroscope; stringed musical instruments;
engines, machinery, and mechanism. Do not begin drawing
up a course by reference to any examination syllabus or to
any book. Jot down a list of all natural phenomena, discoveries
and inventions, scientific generalizations and theories, that you
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feel your pupils ought to know and that you can deal with
in the thme at your disposal. Then sort these out under different
branches of physics (also of chemistry and biology if you are
planning a more general course), decide what principles of
physics must be established for the proper elucidation of the
phenomena, and arrange these principles in logical order
according to a possible general development for teaching pur-
poses. Now turn to your examination syllabuses (unfor-
tunately, this is necessary), and add to your provisional course
any examination topics not yet included. Never begin by
giving pride of place to an examination syllabus. Such a
syllabus is never drafted for teaching purposes; it is merely
a medley of topics on which questions may be asked.

In any elementary course of physics that is to be at all
satisfactory, the inclusion of mechanics, heat, light, and current
electricity is essential. Static electricity may be sacrificed
without much loss; so may, perhaps, the greater part of sound,
which, with the exception of the monochord and stringed
instruments, may be postponed for treatment in the later
Sixth Form course. Wave motion is important enough to be
regarded as a subject in itself; it goes to the foundations of
every branch of physics. An elementary treatment of waves
is possible and is necessary in the Fifth Form; the fuller treat-
ment must be reserved for the Sixth.

In drafting a course of instruction in chemistry, reduce all
purely technological considerations to a minimum, consistent
with a rational approach to, and development of, the Periodic
Law. Bring the subject into contact with daily life, and choose
your topics accordingly. Do not forget that the study of
equivalents is just a necessary preliminary for establishing the
laws of combination, that these laws are merely generalizations
of experimental facts, and that hypotheses and all points of
theory follow and do not precede those laws. Such topics as
diffusion, solution, and electrolysis must be included even in
an elementary course. Avoid quantitative experiments that
take a long time; they may be reserved for the Sixth Form—
if they are necessary at all. Manufacturing processes are
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always worth touching upon, but never in minute detail.
Ignore the old dividing line between inorganic and “rganic
chemistry; there is a good deal in organic chemistry that
should be included in any elementary chemistry course. So
with chemical processes in the living plant; remember how
large a part nitrogen plays here.

The last two years of the four- or five-years’ elementary
course in chemistry is often open to criticism; the sequence
of topics is too much of a medley, and is not threaded on
any kind of logical string; the course is dominated by quanti-
tative work, and yet the purpose of this is not realized as being
just an essential factor in the rational development of chemical
theory; facts and hypotheses are confused; reasoning is faulty.
For instance, the pupils often cannot give a rational account of
the basic facts that led up to the kinetic hypothesis of gases;
or explain how Avogadro’s hypothesis provides a rational basis
for the law of Gay Lussac. They cannot fit the facts they have
learnt into a satisfactory mosaic. As a boy once said to me:
“ All the facts I have learnt in chemistry seem to be just a
mixture, and not a compound.”

The theory of chemistry must be built up step by step,
from plane to plane, and the learner must be conscious of the
building. He must know what facts form the foundations,
and how each stage of the building rests on the stage below.
In the whole range of science there is no possible scheme of
work so logically perfect as the scheme underlying that wonder-
ful edifice, the Periodic Law.

Girls’ Schools

Only in recent years has science in girls’ schools been
given a place of equality with other subjects, and even now
the argument is sometimes used that few girls are capable of
learning physical science. The consequence is that botany
still tends to survive as a principal science subject. Twenty
or thirty years ago, the botany taught was very little more
than she identification and classification of wild flowers; the
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study of function was not seriously undertaken; and as for a
- prelimigary course in physics and chemistry, that was con-
sidered to be something alien and wholly unnecessary. More-
over, botany has always been regarded as a soft option for
girls who (so runs the argument) cannot do mathematics.
“ Botany is such a nice easy subject for the slow girls, and,
besides, all girls ought to be trained to undertake the dainty
daily duty of decorating the drawing-room prettily.” It is
significant that in some schools botany is not even looked upon
as a branch of science: * She is not good enough for science,
so she takes botany instead.”

But botany has now become a very serious subject of study,
and, in my opinion, it is much more difficult to teach than
either physics or chemistry. The plant is now treated as a
living, breathing, feeding, growing thing.  The study of
function rather than morphology now takes the first place;
and since ‘“life ” (whatever that may be) tends greatly to
obscure the underlying physical and chemical processes, fal-
lacious reasoning is common even among advanced students.
As for beginners, they are often hopelessly baffled by the
complexities of the problems underlying plant biology. Let
it never be said that botany is an easy subject. It requires
a thoroughly competent botanist with a large share of teaching
skill to deal with the subject properly, and it is exceedingly
doubtful if girls get out of it anything like so good a training
as boys do from physics and chemistry.

Some university professors urge that even if girls come to
them in order to read for botany honours, it does not matter
at all if the subject has never been begun at school. What
they specially desire is that the girls shall have been well
grounded in physics and chemistry.

If botany is the principal subject taught, its selection must
be justified: the teaching must provide a rigorous training in
the methods of scientific reasoning and investigation.

If the future professional careers of the majority of the
abler girls are considered—teachers of science and mathe-
matics, teachers of domestic subjects, doctors, dentists, phar-
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macists, factory and sanitary inspectors, welfare workers, and
health visitors, engineers (there are already several sygcessful
women engineers)—a knowledge of physical science is clearly
essential, and thus, whether botany is included in a school
course or not, physics and chemistry must always be taught.
Or, consider for a moment the future of electricity. In ten or
fifteen years’ time, even village cottages will have complete
electric installations, and a knowledge of the elementary prin-
ciples of electrical science will be almost as necessary as a
knowledge of arithmetic. A school science course which
ignores electricity altogether, as science courses in some girls’
schools still do, is assuredly open to serious criticism. In
short, no adequate excuse can any longer be put forward for
the omission of physics from the science course of any girls’
school.

It is often urged that hygiene is a suitable subject of science
for girls. The point will be dealt with in a future chapter. So
will domestic ‘‘