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THE PSYCHOLOGICAL FOUNDATIONS OF
SCIENCE TEACHING.

BY
PROFESSOR H. R. HAMLEY

—— . e e

The inclusion of Science as a subject in the school curriculum can easily
be justified on utilitarian and on socio-cultural grounds. Even a modicum of
scientific knowledge is useful to the ordinary citizen and a limited acquaintance
with scientific facts and theories is in these days part of the normal equipment
of an educated man. Science has become an integral part of our modern life
and it must, therefore, become an integral part of our school life also. My task
to-day is to justify the teaching of scienceon psychological grounds and to show that
the mind is exercised in a very special way when we make a scientific observation
or carry outa scientific experiment.

I think it can be maintained that, when properly taught or rightly pursued,
science calls into activity a part of our mental life that is not influenced by other
subjects in nearly the same degree. This is not to maintain, as so often has
been maintained, that science has exclusive claims on certain mental ‘faculties’
like observation and reasoning. But the sciences differ in their mental appeal
from the humanities, the arts and the crafts which rightly take up a large portion
of the time given to study in our schools. The study of thé humanities
(languages, history and geography) calls forth social sympathies and impulses
that lie deep in our human nature; the pursuit of art, in music, painting and
literature, satisfies a certain aesthetic sense or love of the beautiful that is to be
found in most of us, and almost certainly in all young children; the appeal of a
craft is rather different; it seems to satisfy that craving that we all have at times
to create something concrete and useful from pliable and plastic materials. The
distinction between art and craft is worth making, although it is sometimes
difficult to tell where craft ends and art begins.

If the sciences have a claim to a place in the respectable company of
school subjects, it must be because they touch a part of our minds and satisfy
a side of our nature not influenced by the other subjects, at least not in the
same degree. The study of science satisfies a certain ‘heuristic’ impulse in us,
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that impulse which impels us to probe and enquire into the mysteries of life and
of the universe around us, and to extract truth from realms of Nature that lie
hidden from us. The pursuit of science is in truth a religious quest, the
object of which is to see below the surface of existence into the very nature of
things. It was a great scientist who once said: ‘I am thinking God’s thoughts
after Him. When the secrets of Nature are revealed to us through the labours
of the scientist our minds are filled with a sense of romantic wonder. It is in
this spirit that we should approach the study of science even in our schools.
The quest of science should be an impelling and an inspiring quest.

When we come to analyse the process of scientific thinking, we find that
it has certain fairly well-defined stages as, indeed, any act of thought must have.
The first | shall designate the Wonder Stage, the second the Factual Stage, and
the third Stage of Theory or Law.

The Wonder Stage. The wonder of sciencé takes two forms, one more
highly effective than the other. We experience the first when there is aroused
in us an emotion of surprise mingled with admiration or awe at the sight of
something unusual or spectacular. We experience the second when there is
excited in us a certain curiosity or desire to know for certain something only
dimly perceived. The first kind of wonder is part of the great fascination of
science. The history of science is the story of sensation after sensation as
new truths were presented to an expectant world. The discoveries of science
are often spectacular in the extreme and lend themselves to a rare form of
intellectual entertainment. Sometimes we capitalise on the spectacular in science,
as I remember | did twenty-five years ago, when in the midst of other duties I
found time to entertain soldiers of the fighting forces with popular lectures on
wireless telegraphy, radio-activity and X-rays. The more apparatus | had on
the table and the more vivid and spectacular the display, the more the audience
seemed to appreciate the lecture. They were, | think, duly impressed with the
wonder of science, even if they carried away very little real understanding of
its underlying scientific principles. To arouse feelings of wonder is a legitimate
aim of science teaching; but it is well to remember that the appeal to the specta-
cular can be overdone. It is possible for children to be so excited by spéctacles
and mystified by marvels that they can be brought to the more humdrum aspects

of science only with difficulty.

The second meaning of the word ‘wonder’ can be understood from

expressions such as the following : ‘I wonder whether that is so or not, ‘I
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wonder what will happen.’ Such wonder is the first step in every scientific
enquiry and is the first stage of all heuristic thinking. So said Newton when
he saw the apple fall to the ground; so said Faraday when he brought a magnet
into the vicinity of a closed coil; so said Ohm when he began to think about
the relation between the current in a wire and the potential difference at the ends.
Wonder must be our first step in the classroom just as it is the researcher’s
first step in the laboratory : ‘I wonder how these things are related,’ ‘1 wonder
what will happen next, ‘1 wonder if it can be made to work’

The Factual Stage. The next stage in scientific thinking is what | have
called the Factual Stage, the stage which includes the collection of data. Science
begins with wonder but it rests upon facts, upon accurate observation and
experiment. About seventy years ago the great Darwin formulated a great
scientific generalisation but he did not simply evolve it from his inner conscious-
ness. He came to the generalisation after he had amassed and co-ordinated
hundreds and thousands of facts. Faraday in his Researches laid the founda-
tion of all subsequent developments in electricity, but he did so on the basis of
data laboriously gathered in the laboratory. Science would have no meaning
without its well-attested facts. As we sometimes say : ‘The facts speak for
themselves.' The collecting of facts is often a satisfying occupation in itself,
and children, particularly in the pre-adolescent period from ten to twelve or thirteen,
usually find it so. In these years collecting facts and things becomes almost
an obsession. They will remember the most detailed characteristics of motor
cars and aeroplanes and make elaborate collections of stamps, picture cards,
marbles, stones, shells, bolts, screws and pieces of metal. These odds-and-
ends are often treasured as valued possessions and thus satisfy a strongly felt
need. Sometimes living things, birds, fishes and animal pets take the place of
inanimate objects with a corresponding deepening of the sense of possession.

Facts are for use, and in themselves they may be and often are inert

things, having no power to hold the mind for long. The facts of science are
of little value unless they are ordered and related. Sometimes the relations
between factual data ‘spring to the eye’ with very little effort on our part, but in
most cases they have to be deliberately sought. The third stage in our

scientific thinking, then, is the search for a law which will bring the facts into
some kind of order. This is what I have called the Stage of Theory or Law.

The Stage of Theory or Law. The enquiring mind, when confronted with
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the facts or data of experience, moves consciously or unconsciously to some
co-ordinating principle or law. This tendency to bring order out of chaos,
system out of confusion, and truth out of loosely assembled facts seems to be
inherent in human nature. It is part of that instinct for life which is behind
all human progress. That any opposing instinct operates at the same time
does not invalidate the truth of this assertion. The great English philosopher,
Alexander, once said that ‘truth is that which satisfies objectively the impulse of
wonder.! In other words, truth is the end of the quest which results in the
wondering mind searching for facts. Our scientific thinking is not complete
until the facts have been held together bylaw. If the first stage of the scientific
quest is affectiveand the second largely conative, the third is dominantly cognitive.

It will have occurred to most of you that the three stages of heuristic
thinking that I have mentioned are the three essential parts of the so-called
scientific method. The scientific method begins with a perplexity or doubt which
we usually express in terms of a tentative hypothesis, Then follows the
search for evidence for or against the hypothesis. The final issue is the
projected or established law, which is, it will be noticed, the original hypothesis,
verified, elaborated or modified. The establishment of a law is important, for
it gives us confidence and security, thereby satisfying another human need. The
enterprising scientist cannot assume, however, that his search has come to an
end when a law has been formulated or established. The scientific quest is

an endless quest.

That rational thought is like an experiment in science is not, of course, a
new idea. Many years ago Mach maintained that all reasoning, even with
abstract materials, is a form of ‘thought experiment.’ This idea was further
developed by Dewey in his ‘Complete Act of Thought. According to Dewey
we carry out an experiment in thought according to the strict scientific method
when we say : ‘I wonder whether that is my friend Smith or not’ and decide
to investigate the matter. Whenever we think rationally and clearly we are
thinking in the scientific way. Many illustrations of this are given in Rignano’s
Psychology of Reasoning, one of which I shall quote. One old lady owed
another 5 lira but the other owed her 12 lira.  Her friend said : ‘Well, here
are 7 lire; now we are square’ The old lady replied : ‘Not a bit of it. You
give me 12 lire and then | will give you your 5 lire! They had solved the
problem in exactly the same way but, whereas one wanted to solve it by a real
experiment, the other was satisfied with an experiment in thought. They




followed the same thought processes; the difference was in their intelligence, It
would be difficult to maintain that all rational thinking is of this kind; but I do
not think there is any doubt that scientific thinking conforms to the well-defined
pattern that | have been discussing.

If the stages I have outlined have a necessary place in all science teaching,
then I suggest that we ought to enquire whether they are given due recognition
in our schools. Do we, in the first place, set out to arouse in our pupils
feelings of curiosity and wonder ? | have not seen much evidence of this in
my visits to schools in the Near and Middle East during the past year or more.
Sometimes, it is true, teachers catch the attention and interest of their pupils by
an elaborate display of apparatus or by some dazzling spectacle, an explosion or
the like, but they seem to me to be satisfied with the excitement of the event
rather than with scientific interest in the phenomenon itself. Very seldom do
we find teachers inciting their pupils to wonder whether an experiment will
give a particular result and if so to wonder why.

In the second place we have to ask whether our teachers are training
their pupils to hunt for facts, for the direct evidence of their senses. Sometimes,
it is true, they dictate many facts for inclusion in the ever-ready note-book and
examine their pupils on their knowledge of facts as they are set down in text-
books; but how often do they set their pupils hunting for their own facts in
laboratories, fields and gardens ? In my visits to schools | have often asked
students of science to mention some ‘facts’ about which they were sure and
upon the existence of which they would be almost prepared to stake their lives.
It was extraordinary that not a single student thought of citing an observation
he had made himself and only a few gave me illustrations even approximating to
my conception of a fact. In many cases they repeated items of broadcast
news, British or German ! The explanation could not have been that these
students did not understand me, for by varied illustration | took pains to make
myself clear,

Lastly I have to ask whether our teachers encourage their pupils to reach
their own generalisations and to discover their own scientific laws. Sometimes,
it is true, they are extremely well versed in scientific theories, but it is painful to
find that facts are often used to illustrate theories rather than theories elicited as
deductions or inductions from the facts. In some schools the atomic theery is
given before any chemical facts are known. Sometimes the electron theory is

fairly fully discussed before a single chemical experiment is even mentioned,




Surely this method of approach cannot be supported on any grounds, least of
all as a good ftraining in scientific thinking. Can we not set our young
scientists pondering and thinking over the facts before we ask them to memorise
someone else's generalisation from the facts ? It may be objected that this is
done in the best schools, where students are asked to verify Hooke's Law, or
Boyle’'s Law, or Ohm’s Law. I should like to ask whether school pupils are
ever interested in verifying anybody’s law. | know that, when | taught science
in school, my pupils were not. But they were interested, and keenly interested,
in finding the relation between the tension and extension of a spring, and
between the pressure and volume of a gas at constant temperature, and between

the current and the potential drop along a given piece of wire. These were
real discoveries. Perhaps it will be objected that it is not possible for school
pupils to repeat the great discoveries of science. Was this not the mistake

made by Armstrong, who first advocated the Heuristic Method ? I agree that
school life is too short for a student of science to repeat scientific history in
the laboratory, but I do not agree that school pupils of good intelligence cannot
with a little guidance arrive for themselves at the law we now know as Ohm's
Law. In fact, I remember that | ventured to take Ohm's Law as my examina-
tion lesson when | was a student in training many years ago. The pupils were
first set wondering what the relationship between the current and potential in a
wire was likely to be; then, working in small groups, they set up their instruments
and collected data concerning the current and potential drop along a piece of
wire; finally, they graphed their results and very readily deduced the law. All |
had to do at the end was to tell them something of the life of Ohm, who had
forestalled them in their discovery by nearly a hundred years. Such an exercise
is a genuine piece of research, and it does not alter the fact, if the research
happened to be carried out for the first time a hundred years ago. We need
not wait until our young people complete a University degree before we initiate
them into the spirit and the methods of research.

Psychological research that has been done in recent years in the
scientific interests of children supports the contentions that I am making to-day.
This research shows very definitely that in the early years of childhood and in
the approach to new scientific themes in the later years the dominant motive is
wonder. Little children are fascinated by life, growth and movement. They
are far more interested in animate than in inanimate things, in the growing than
in the full grown, and in the dynamic than in the static. They are interested
too in the highly coloured more than in the drab. A little later, as I have
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already indicated, they become interested in collections of facts and things and
in exchanging one scientific treasure for another. So they begin to set values
on things, some because they are rare, others because they are useful, and still
others because they are interesting in themselves. At the same time the interest
shifts, often rather strongly, from living to mechanical things, to chemical and
electrical experiments and the applications of chemistry and eleciricily te private
and industrial life. The change of interest is more noticeable in boys than in
girls; most girls retain their interest in living things through life, During
adolescence, particularly late adolescence, there is a very decided development of
interest in scientific theories and in the bearing of science on our social life.
Youth wants to know how this universe of ours is constituted and how it is
held together. As they are keen to fathom the mysteries of life, so they are
keen to enquire into the mysteries of the Universe. The starry atom and the
starry heavens both fascinate and hold them.

There are many in the audience who have themselves taken part in scien-
tific research. They will recognise in themselves the same development of
thought and feeling. Indeed there is no escape from it, for it is an essential
part of the scientific life, first the inciting wonder, then the relevant and related
facts and finally the attested truth. The scientific life is, as Sir Percy Nunn
once reminded us, greater than the scientific method, for it is the way of life of
which the method is only an example. To quote Sir Percy Nunn : ‘The prime
contribution of the heroes of Science to the world’s cultural wealth is not the
scientific method but the scientific life. Our business, then, is to teach the
realisation of the life, and not so much the mastery of the method’ The
scientific life is that which is activated by the spirit rather than by the letter of
the scientific method. During the past few days | have been reading Crowther’s
British Scientists of the Nineteenth Century, which may be purchased in a Penguin
edition for a few piastres. While reading this fascinating work | have been
wondering which to admire the more, the genius or the character of the scientists
whose lives are so sympathetically discussed. As the writer remarks in his
last paragraph on James Clerk Maxwell : ‘The significance of radio communica-
tion for humanity is not greater than Maxwell’'s example as a man of science and
culture : as a civilised man. The study of Science avails us little, if it does
not inculcate a deep and reverent spirit and an appreciation of the meaning and

value of truth.
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