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ABSTRACT

From a historical survey of the trends in the
teaching of physics, it is evident that there has been
" more and more stress on the experimental approach.
Demonstrations and experiments are increasingly becoming
an indispensable part of physics instruction. The role
played by experimentation is justified and demanded on
the basis of psychological discoveries, philosophical
principles, and the characteristics of science itself.

Although experimentation 1s essential in the
teaching of physics, some schools are obliged to do
without it because equipment is unavailable, or, if
avallable, far too expensive., This situation demands
the construction of a kit which consists of simple,
inexpensive materials that are available anywhere. This
kit, not only overcomes financial and practical obstacles
but it can be shown to have many educational advantages
over standard manufactured teaching equipment.

A set of principles has been established for
selecting the topics, sequence of topics, materials,
procedures, and kinds of experiences for which the

kit 1s used. Suggestions as to the general techniques

i1



for demonstrations and individual laboratory experiences
are furnished.

According to these principles and techniques, a
teacher's guide for the construction and use of the kit
has been worked out. This guide includes detailed
practical suggestions, and consideration of the
educational issues involved.

A list of materials, and a guide to the assembly
of the kit appear in Appendixes I and II. Appendix III
contains a list of sources of free material,

The proposed kit makes it easy and inexpensive
for the teacher te bring back into physics its natural
aspect: experimentation. At the same time, it helps the
teacher to accelerate the learning process, to make his
course more meaningful, and to insure that his class will

be more stimulated and interested.
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INTRODUCTION

The Need for anInexpensive

Universel Kit

Phvsics teachers as well as admlnistrators are
becoming more and more convinced of the importance of
laboratory work and demonstrations in thelr teaching of
physics, This may be the result of an inner convictlon
based on examined educational principles, or 1t may be
only a wave of imitation of what i1s going on in schools
of advanced countries like the United States of America,

Such a fesire for experimentation is usually
thwarted by the lack of equipment in local merkets. In
underdeveloped countries, cne rarely finds a shop that sells
scientific equipment. In many cases 1f the teacher over-
comes this obstacle and decides to order equipment from
abroad, he is faced with another impediment., The costis
of pleces of equipment are very_high. Equipment 1s priced
according to the standards of living of advanced countries.,
In most cases the schools find it impossible to order such

equipment because they cannot afford to pay for it.



Such difficulties more often cause physics instruc-
tion in underdeveloped countries to be restricted to the
lecture and discussion methods, with very little, or no, de-
monstration work. Poor schocls in relatively advanced coun-
tries often face the same situatlon.

A solution to this dilemma may be achleved through
the construction of the special type of kit to be: describ-
ed in pert IT of this thesis, This kit 1s to be constructed
from simple, ready-available materlals. The materigls must
be avallable anywhere so that its advantages are not restrict-
ed to particular countries or reglons.

The guide to the conatruction of this kit will help
a teacher anywhere to bulld besic equipment with very little
monev, Thus he will overcome the problem of avallability and
cost of equipment.

Although this kit serves such purposes, as mentioned
above, 1ts educetional sdvantages are more superior than

the finsancisl and prectical ones, In comparison with the
atandard manufactured teaching equipment, 1t 1s more interest-
ing, instructive and demonstrative, Moreover it fulfills the
nature of science and meats the philosophlical and psycholo-

glcal demends in physics 1lnstructlon more than the standard



equipment, Thus, using such a kit, the teacher does not
solve his financial problems only, but he adds effectliveness,

interest, and fun to his method of instruction,



PART I

PRINCIPLES AND TECHNIQUES



CHAPTER I

A SURVEY OF TRENDS IN

PHYSICS TEACHING

Early Trendst

Physics has been one of the subjects taught in Euro-
peen Universities almost from thelr foundation. If we apply
today's definition of physics to such courses, they may not
be called physice by the modern sclentist. In the middle age,
Aristotlés speculations were memorized with disputations of
hair splitting and their implications. It was not until the
time of Seliles (159h-1643), that ™modern physics" was intro-
- dueed

Physics in the high schools 1s not as old as 1t is in
the universities. One cannot state when it was iIntroduced
1nto the school curriculum, but there is evidence that as
early as 1729 it was taught in Northampton, England. Many
textbooks were publiéhed for school use., The most interesting
of these is that of James Ferguson, which was published in
1750s It wes revised in 1805 by sir David Brewster, and

1a great deal of the information in this section is
complled” from:

L. Riborg Mann, The Teaching of Physics, (New York:
the Macmlillen Co., 1925). ’

B
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brought into Americes: in 1806 by Robert Petterson of the
Tniversits of Pennsylvenia. In his introductlon to Ferguson's
book, Sir Devid Brewster says:"The chief object of Mr. Fer-
guson's labors was to give a faniliar view of physical
aclences"!

Fhysics at thet time was known in Europe and America
as "Natursl philosophy." From its name one can easily deduce
the way 1t was taught, It was highly theoretlcal and specu-
1ative, just as philosophy is, with little or no experimen=-
tation.

With the rise of industrial development,different books
were introduced to cope with the new trend. The titles of

these books were very similar 1like: The Principles of Me-

chanics, Acoustics, Optics Are Familiarly Explained. The

causes of Meny Daily Occuring Natural Phenomena Are Famni-

liarly explained,

Although Mann® cleims that "Naturel Philosophy dis-
appeared from the curricula of the schools ebout the year
1872" one cannot state so strictly the disappearance of na-

tural philosophy and the emergence of physics. It must have

lyoodhull, "The Tesching of Physical Science," Teachers
Ccllege Record, XI (Jan"lﬁlb‘),‘lﬁi“ » e

ZMann, op.eit., p. Ll.
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been that from around that time physics began to appear as
e separate branch considered worthy to be included in the
curriculun,

In 188} the first complled Americen syllabus of physics
was 1ssued by the United States Buresu of Education. The syl-
lebus required only e qualitative description of natural phe-
nomena, along the lines of "matural philosophyf It did not
contain laws, like Newton's laws, which were known even in
the eighteenth century, No mentlon was made of the prineciple
of conservation of energy, which was established around 18501,
of the atomic theory formulated in 18102, of molecules intro-
duced 1n 18283, or of the kinetic theory of matter published
in 18274,

Although the syllabus did not include laws and theories
already esteblished, it included a 1list of qualltative, des-
eriptive experiments to be performed in the teaching of phy-
sics., In spite of thet, it took some time before the physics
teacher made any use of the laboratory even on the college
level. Charles Eliot , who was a student in 1816, describes

the siltuetion:

ly,¢, Dampler, A History of Science (New York: The
Macmillan Company, 16l6), p. 2Li6.

21bid., p. 227. -
31bid., p. 229
b1vid., p. 218.
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When I was a student in the Harvard College there was

not a single laboratory open to the students on any sub-
ject, elther chemistry, physics or blology. I was the
first student who ever had the chance to work in the la=-
boratory in Harvard College and that was entirely due to
the personal friendship of Professor J.P. Cook, who
fitted up a laboratory in the basement of University Hall,
entirely at his own expense, That was the situation ofithe
colleges in the country- for Harvard was by nf neans pe-
culiar in this respect- only sixty years ago.

Trends in Clearer Shape

Trom the time physics entered the secondary school
curriculum, it, like all other compoments of the progrem of
studies, h=s been subjected to repeated surveys, reforms,or
serutiny both by individuels and by committees representing
verious organizations. A large number of these orzanizetions
was formed in the United States of America,

The first cocmprehensive survey of the physics program
in the United States was carried out the Committee of Ten.?
The report recomnends> that physica be taught by a combina-
tion of leboratory work, textbook and thorouzhly didactic

instruction.” It recommends also that the lesboratory experiments

lcharles W. Eliot, "Laboratory Teaching," School Science
and Mathmatics, VI (Nov., 1906), 703=707.

2Report of the Committee of Ten of the National Educational
AssociatTon, (New York: Americe BoOK COs, 1094); PPe LL(=LZTe

31bid., pe 119,



be meinly quantitative.

The laws that were missing from first physlics syl-
lzbus were introduced by the Committee on College Entrance
Requirements, Thls committee was appointed in 1895 to investi-
gate into the physics curriculum of the high school. The
report, presented in 1899, recomnends thet physics include
a large amount of leboratory work; that the course also inclu-
de instruction by textbook and lecture, all "to the end that
the pupil may zain, not merely enmpirical knowledge, but, as
far &s this may be practicable, a comprehensive and connect-
ed view of the most important facts end laws of elementary
physics, "l

Moreover the Committee gave a list of experimentszto
be perfermed, The selection of subject matter was left to the
textbook authors, This arrangement led the New York State
Department, the College Entrance Examinstion Board, and other
organizetions te put- forward toplcal syllabi.

In this period, le., before 1910, the disciplinary

value of science teaching came to be generally accepted. The

1Mann, op.cit., .
2These experiments appear in: Smith end Hull, The Teach=-

ing of Chemistry and Fhysics in Secondary Schools, (New York:
Tongman® , oreen, and Co., 1902), PPe xgii- 337 )
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main alm of physics teaching was "to develop the facultles

of ressoning, observation, concentration, sensory tralning,
and the like."l It was believed that this disciplinary value
1s mainly achieved in the laboratory. Thus lgboratory instruc-

tion became very popular during this perlod.

Recrganization of Fhysics Teaching

With the rise of the sbendonment of the faculty psy-
chology, the discoveries of modern physilcs, and the findings
of modern psycholegy, new trends had to emerge in the teach=
ing of physics.

Wwith the development of the junior high school "ceame
the development of science instruction that would help pupils
interpret their envircnment!”

As a result, a course in general sclence was initiated
between 1910~1915. By 1930 it was taught in most schools in
the United States.

In spite of the feetors that demand new preactices in

larthur @. Hoff, Secondary-School Science Teaching,
(Fhiladelphis: The Blaklaton Cormpaxy, T)s Pele

°1pid., p.10.
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the physics teachlng, these practices were introduced very
slowlye. In 1932 Wilbur Beuchamp made a comprehensive sur-
vey of the stutus of sclence teaching., He found out thet the
courses in chemistry and phrsics stlll followed the line of
the old mentel disciplinary theorye Very few schools were

utilizing new trends o1

These new trends were sunnarized by the Nationel So-

clety for the study of Education in 1932. Some of them are”:

1. An attempt at redefinement, better description, and
definition of science demonstrations ass teaching devices.,
>, An attempt at redefinement, betier limitation, and
description of laboratory instructlon, with attempts at
evaluation of laboratory instruction as a means of pro-
dueins certain definite outcomes in puplls.

3, A market swing toward a unlt organization of sub jett
matter and instructional technigues in all high school
sclences,

lie A movement for the diegnosis of pupll difficulties
i{n the learning of c=cience materlals,

e A revival of interest in simple, homely, and hone=-
made laboratory demonstration apparatus.

6o A beginnine of experimental investigetion of the va-
lue of visual alds ... in instruction.

7« A general snd-spreading interest in the use of free
end inexpensive supplementary material draw into the
school from outside commercial sources.

T™ese trends developed more and more with the years

until some of them became an orgamic part of the physics arriculume.

l1pid., pp. 12-13

2National Society for the Study of Education, Thirty -
first Yearbook, (Bloomington: Public School PublishinZ Co.,

s De »



A change in the methods of instruction does not satlsfy
all the changing factors of this age, Physics 1tself 1s chang-
ing; 1t has advaced very rapldly., "Despite this progress,
1ittle attention has been given to revising the introductory
teaching of basic ideas in the light of modern developments.
Simply updating existing course structures may result, espe-
ciglly for s student who 1s not golng on to specialize in the
f1eld, in a disjointed collectlon of idess which falls short
of giving en sccurate perceptive ot the nature and the role
of phvsice in today's world."!

This existingz state of secondary school physics led to
a weve of general dissatisfaction among university physiclsts
in more than one state of America.," Thls dlssetisfection stem-
med from many sources, College professors were discovering
thet students ceme to them with grossly inadequate seconda-
ry school preparation; others, with thelr children of high
school age, were uneesy at the type of sclence training that
was being msde evailéble to them; the place of science 1n

the genral culture fell far short of representing its value

and 1ts i.rnpcrt'.aufu‘,e.“"j

lphysical Science Study Comnmlttee, P,S.5.C, Physics:
Teacher's Resource Book and Guide, part one, (Boston: D.C,
H@afh end W., m)—, p. Iv.

?Mirst Anmuel Report of the Physical Science Study Com-
mittee, (Hecording and 5ta 1stical Corp., n.d.), Pele
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As 2 result of these conditions, the Physical Science
Study Committee (refered to as PSSC) was formed in Boston 1in

19%6, The Committes directly started studying the existing

physics textbooks. Its conelusions were::

1. Textbooks in genersl reflected = sclentifie outlook
that dsted back helf a century and was no longer repre-
sentative of the scilentific community.

2. Genuine attenpts to remain abreast of scientific de-
velopments had given even the best textbooks & patch=
work quality in which the unity of physics disappeared.
3. The sheer mass of mabteriel in the textbooks had be=-
come so great that it could no longer be reasonably
taught in an academic year or two years.

e With the increasing ampplication of science in the
everyday environment, physics textbooks had given over
more and more of their attention to technology, thus
further overloading the course and further minimizing the
concepts of science 1tself, and i1ts unity.

Concerning laboratory manuals and gudiovisual aids the
Comittee's opinfon was®:
Laboratory marmals dated back 1in concept and in excution
to an ers that had long since passed; the polentialities
of sudio-visugl alds were nob being adequately exploited.
To meet this need, a new trend in the teaching of phy-
sics represented by the P.2.5.C. and other organizations de-
veloped so rapidly that 1t became an influential element in

physics instruction, In many places there is a strong tenden=-

ey to adopt this trend wlthout change, while in other cases

11b1d., Pede

2Ihide, Ps3e
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1t 1s adepted to the facilitles of the localities. But in ell

cases 1ts impetus {3 undeniable. Theé maln characteristics! of

this new trend are:

1. Physical science should be tau-ht in one body with in=-
terrelated units. The student must see this unitye. Bub
Newbonlan physics cen no longer serve as the unifying
factor. With the postulation of quantum theory, relati-
vity, end wave mechanics, a syllabus has to be construct-
ed to represent a contlnuing process of unveiling the

laws of the physical world,?

e In estaeblishing physical laws many argunents should be
used, mainly derived from the laboratory wark and demons-
trations, Another main source 1is the past ordinary ex-
perience of the student,

3e After the laws are established, many physical conclu=-

eions can be derived from them, These deductions from

the laws show thelr powsr and scope.

lme characteristics are derived from
a. Elbert P, Little, "From These Beginning", The Science
Teacher. xxiv, Wo.T (Nov. 1957).
« "Physicel Sclence Study Committee™, Physics Today,
X, Nos3 (March 1957), 28-39.
¢ce First Annual Report.., op.cite

Z2Por a textbook following this system see:
Physical Science Study Commlttee, Physics, (Boston:
D.C. Heath end Co., 1960). .
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Although physical laws are sstablished experimentally it
must be emphasized thet they have limltations. The range
in which a certain law holds mst be specified,
Experiments should be performed wherever needed, They should
not be routine collection of data to f1t into a certaln
result, but rather a contribution of information to help
in understanding the course. Moreover laboratory work
should be "open-ended" so that the sudent 1is stimul ated
to pursue more experiments along the lines of the ones
performed in the lavoratory.

The apparatus used for experimentz is to be simple, and
wherever possible, constructed by the student.

Although the new trend in the teaching of physics hes

1ts roots deep in a long hlstory of physics intruction, 1t

gtands distinct in 1its characteristics. Its significance lies

in the remarkable changes that 1ts implementation will bring

about, Its strenzth lles in its loglec and completeness, Its

power lies in the piles of experimental datal which show that

1t {3 sound and teachables

1509

rhysical Science Study Committee, 1959 Progress Report
(Watertown: Educational Services Inc., 1960), ppre. E-B, §-§2.



CHAPTER II

THE ROLE OF EXPERIMENTS
IN TEACHING PHYSICS

It is evident frc:1 the survey of the traditional and
modern trends of physics teaching (chapter 1II) that there is
a tendency to include more experiments 1n the physics course.
Moreover, it is nct only a matter of increasing the number
of experiments but rather it is the emphasis and importance
glven to experimental approach. New textbook are centering
their exposlition of the materiel on observations and data

collected from experimentsl. Even the educational systens
thaet are known for treating physics as an Intellectual acti-
vity are remodeling their methods to base them on an experl-
mental approsch?, Moreover, teachers and administrators, in
both developed and underdeveloped countries are anxious to

obtain laboratory equipment and supplies to use in demons-

trations.

1
See:
asCharles E, Dull et al., Modern Physics, (New York: Holt,
Rinchert end Winston, In¢., 19607,

b' PSSG’ thﬂics, 22.2_1_{-;.0

2The new tendency in French books is toward experimentation.
Sees
8. Jeen Cessac and George Treherne, Physigue, (Paris:

Fermand Nathan, 1957).
be R. Faucher, Physique, (Paris: Librarie A, Hatier,1959).

=16~
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Although there is not much argument as to the indes-
pensiovle role of experiments and demonstrations, it is worth
stating some of the reasons for including experiments in the
teaching of physics. This theoretical background will help to
indentify the types of experiments that will meet needs.

The call for the implementation of the experimental

approach comes from three field;

Psychology

Many of the traditional practices in the teaching of
physics have thelr roots in the old theory:faculty psychology.
This theory held that the mind is made of a set of faculties that

can be strangthened by exercise just as the physical muscle is

strengthened. In application to this theory physics was taught as
an intellectual activity. The harder it is the better it serves -
as a means of formal discipline.

With the march of modern psychology, the old theory
of formal discipline became obselete. Hence great changes
had to follow in applications and techniques in the methods
of teaching. Modern psychology assigned an essential role to
experiments in the learning process based upon its descoveries

in four main areass:
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1. Law of interest:

Since learning is no longer regarded as an act of the
mind, btut of the whole organism, the interest of the indivi-
dual must be aroused to accelerate the learning processl.
Demons trstions and experiments will start the learner off to
acquire new behavior, During the learning process experiments
will attract his attention and increase 1ts spen. Interest
13 gregtest in things which the learner sees, handles and
acts with, especially if these things are concrete~, This

applies very well to the apparatus in experinents,

. Concept formation3

11 2 concept is adopted, ready-made, by memorization,
1t will be meaningless to the students, Concepts must be
formed rather than adopted. A concept, to be formed, demapds

the observaition of gqualities and releticnshlp in many expe=-

ly1111am C. Morse and G. Max Wingo, Psychology and
Teachl (Chicago: Scott, Foresman and COmpany,I§SE;, P.183.
Z88CNI1D

2havid Fe Miller and Glenn W. Blaydes, Methods and
Materisls for Teeching Biologlcal Sciences (Wew Tork:
Mearaw-Hl11l Book Company, InCa, 15387, p.4§9.

Jgondensed from:
a, Morse and Wingo, op.clt., ppe 219-251,
be Miller and Blaydes, op.cit., pp. 99-100.
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riences as seen by the learner. This principle demands the

pres=nce of concrete objects to build concepts from. Secondly,
1t lays stress on first.hand experiences of the learner., If
a concept of real images, for example, 1s to be taught, a
real image must be presented as & conerete object, then the
student must have an experience with it, The roots of 8uch
a concept will enter desp Into the student and will serve as
e basis for the formation of further concepts end generallza-
ticns.

Thus the nature of concept=-formation demands the im-
plementation of demons trations and experiments done by the

students themselves.

3. Meaningful lesrning

"The leerner must see the relation of current learn-
in to his 1ife and must be able to recognize situations
where the new understanding or skill is appropriate. This
means that ¢es Whet he learns must be meaningful to him,"L
Learning can be meaningful 1f 1t insures relationship in
the materisl and to the 1earnér. In this case, experiments

can be built in a sequential developmental scheme to point

lporse and Wingo, op.slbt., p.239.
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out the relationships within the material. They can also be
chosen to bear a relationshlp to things famlliar to the
student, to explain new sxperiences in terms of past ones,

In this case experiments can make leerning more meaningful,

lie Transfer of learning.

TPransfer of learning depends partly on the similarity
of stinulus conditions 1 If a trensfer of learning is desir-
ed 1n the teachins of physics, then there must be e similarity
between the ph sics experiences in schools and what the child
1s expected to face in 1life. Thus environment muet be "brought
1nto™ the class, The student should be faced with experiment
derived from his every-day life- Such a type of experiments
will facilitate the transfer of learning.

Philosophy

wWe have seen that the new theories of modern psycho-
logy demand the presence of the experimental side in the
teaching of physicse. Doss philosophy support or undermine

peychology in this is=sue?

lpor s detsiled discussion of this toplc see:

a, Arthur J, Gates et al., Tducstional Psychology,
(New York: Macmillan Co., I9ST), pP. =501,

b.Morse and Wingo, op.cit., pp. !lli-l15
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1t is interesting to see that the main philosophles
imply the use of experiments in physics teaching, (or sclence
teaching in genersal).

fdealism to start with, although it stresses the abso=-
Juteness of things, believes that "nature... is the medium
through which the absolute progressively reveals itself in
sxternal form."l The learner's vnowledge of this nature de-
pends upon the way he apprehends 1T. Conseguently 1t is mt
gufficient to have laws and concepts in nature. The learner
must be brought in contact with them. This contact must be
in the right way 80 that his apprehensicn will correspond to
the ultimate recslity present there. what can satisfy such
conditions more than experimental work which, according to
the idealist, will reveal the sbsolute 1ln external form and
make the learner acquire knowledge about 1t?

Naturalistic philosophy stresses neture much more than
the idealists do. Nature i1s governed by laws, and the aim
of education is to uncover these laws through intimate con-
tact with nature. Experimentation, 1n this case, becomes es~-

sential for the acquiring of knowledge.

1l50hn 8. Brubacher, Modern Philosophies of Educatlon,
(New York: McGraw-Hill Book Company, Tnc., 1950), DPe 311le



Further more, Naturalism builds on the premise that
the child is by nature self-active. Thus when the student
engages in learning,he must be fundamentally active . He
must do himself,"The teacher can teach him but, to put it
ungrammetically, he cannot 'learn! him."l Thus, neturalism
calls for the participation of the student in the experi=-
mental wWork,

Similarly the pragmatist believes in "learning by
doing"., But his premises are different, When the learner
15 confronted with g problem he does not know the solution
until he acts on one or more. Thus learning is experimental
both in the classroom and in the lsboratory. In fact 1t 1s
experimentsl anywhere the learning process takes plece,
Thus the pra-matic justification for experimentation 1s
eplstomeclogicsal.

In conclusion, the experimental appfoach in teaching
physics 1s supported philcsophically on metaphysical, on-

tologlcal &nd epistomological bases,

11b1d,, peBS.



Nature of Sclence

Sclence, as Conant defined it% is a series of con-
ceptual schemes arising out of observation and experiment,
and glving rise to further observetion and experlment. Thus
science by its nature includes experiments, just as the English
language includes words and phrases and cannot be taught
without them,

If the aim of the science teascher is to"acquaint his
pupils with the broed lines of great scientific principles,
and with the ways in which these are examplified in familiar
phenomena snd applied in the service of man"§ then experi-
ments rmst be inevitebly included in the program. He must
show them the sources from whlch the concepts of sclence
developed, and how thevy developed, by using demonstratlions
and concrets experimentation,

But that 1s not the sole objective of the sclence
teacher, He aims "to get puplls" to reason about things they
have observed and to develop thelr power of welghing and

interpreting evidence"3., In other words, the teacher wants

1James B. Conant, On Understanding Science, (New Haven:
Yale University Press, 19L7).

230hn Brown, Teaching Science in Schools (London: Uni-
versity of Candan Press, Efé., 1937, p.11.

3Ibid. » p.ll B
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to help the sudents use the scientific method, This e thod
cen be sumarized in five step:l

1. Definltion of the problem

2 Accumulation of facts pertaining to the problem

3. Setting a hypothesis

It Testing the contributory material

De Experimentation .

There is no way to teach the students how to collect
data, plot them against "eontrol", variation of conditions
and conclusions except by letting the student undergo the
process himself,

In additicn, physics teachers aim to apply the scien-
£ific method to help students acquire scientific attitudes.
Such attitudes include accuracy, intellectual honesty, open-
mindedness, suspended Judgement and the habit of criticism.2
How can such attitudes be inculcated?

One of the early studies on scientific attitudes was
reported by Curtis.3 .The author concludes from his experi-

ment that:

Iyilier and Btaydes, op.cit., p. 16,
Harrinoton Wells, Secondar Science education (New York:
KcGran-Hill Book Company, Inc,, IgEEI, pPP. 58=59,

2Victor H, Noll, The Te i of Science in Elementary and
Secondary Schools, (New York: ongmans, Green and Co., 1942), p.Zc5.

JFrancis D, Curtis, Some Values derived from extensive readhg

in general science, (New York: Bursau of Publlcation, Colunblia
Tniversity, . '
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Extensive training in scientific subject matter even
when jolned with superior intelligence and meturity
does not in itself insure the degree of possession of

scientific attitudes which may be secured with defi-
nite training toward this end.

This "definite training" can be only achieved through
letting the student live the situation in practical experi=-
ments. In other words, scientific attitudes, "the ways of
the scientist ... are caught, not taught."l

In other words, the nature of physics, supported by

the aims of teaching it, makes the role of experiments indis-
pensible, With experiments, the student will no more learn
about physies, but will learn physics.

The theoretical justification of the experimental

work is widely supported by studies that compare the conven-
tional &nd experimental methods,
According to the study of Carpenterg learning is more
meaningful if the laboratory is used rather than rote learn-
ing. He concluded that "manipulation and sensory learning

continues to demcnstrate superiority over verbal learning."

1Paul F. Brandwein et al., A Book of Methods, (NewYork:

Harcourt, Brace and World, Inc., 19587, p. 35

“Finley Carpenter, "The Effiect of Different Learning
Methods on Concept formation," Science Education , XL
(October 1959), 282-285,




Abrghamsonl made a study comparing the traditional
teachingz and the experimental teaching in the field of me=
chanics. Experimental teaching included the use of visual
aids and demonstrations. The experimental group was made of

les: able students, After two mcnths the two goups were at
the gsame level, Some time later, significant galin was report-
ed by the experimental group.

Scott also compared the textbook approach and the in-
ductive method in teaching physical science., The inductive
method included experiments. Scottts major findings were:

1. The experimental group made higher scores than did the
control group.

2. According to the average scores, the gain of the ex-
perimental group over that of the control group was very
significant.

3, The percentage of members of the experimental group
who correctly answered those questions which required

the application of principles was higher than the per-
centage of members of the control group who so answered.

These experimental results are in good harmony with
the theoretical demands for the inclusion of demcnstrations

and laboratory work in the teaching of secondary school

physics.

lpernard Abrahamson, "Comparison of two Methods of
Teaching Mechanics in High Schecl,"Science Education, XXXVE
(March,1952), 96-106. ;

Ellesworth S. Obourn and Clarence H. Boeck, "Sixth
Annusl Review of Research in Science Teaching," Science Education,
XLIV (Dec., 1960 ), 381. .




CHAPTER IIIX

ADVANTAGES OF AN INEXPENSIVE
UNIVERSAL KIT

It has been established beyond doubt that the role
of experiments and demonstrations in teaching of physics
1s very important. The experimental approach became an

integrated part of the instruction in physics. The next

question to be discussed: "How can the role of experiments

be achieved? What are the means that bring forth this
achievlemant?"

With the edvances of technology in this age, and
the production of big machines and beautiful equipment,
one 1s tempted to look for such equipment for his
laboratory use. Administrators like to inélude huge
pleces of apparatus to boast about, and teachers find
i1t easier to take a'catalogue of equipment, mark the
needed items and send gn order. But is this the best
way to proceed in attempting to obtain maximum benefit
from experiments in the teaching of physics?

It was pointed out earlierl that standard
manufactured teaching equipment cannot be found

lSupra, p.1,

4
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everywhere. To meet the need for equipment, an easily-
made universal and inexpensive kit.haa been suggested.
Does this sacrifice the benefits of standard equipment?
In other words, is it being suggested that the cost of
inexpensive simple material is a loss of the instrumental
value of standard manufactured equipment?

In fact, the suggested kit 1s justified not only on
the basis of its availability and practicality, but also
because it can discharge the role of experiments more
efficlently and thoroughly than can be done with standard
equipment. Thus the kit is not only an answer to the
physical and financial needs of the schools in under-
developed countries, but also an answer to an educational
need in all schools that teach secondary school physics,

The educational advantages of the kit over
standard manufactured equipment may be summarized as

follows:

l. More Interesting

It was pointed out earlierl that one of the
functions of experiments is to arouse the interest of

the student. In the case of the kit, the student can

lsupra" p‘ lpo
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help in its construction. Any piece that a student
builds and operates successfully will bring him
satisfaction and will increase his interest in the
course, "Nothing succeeds like success." Since
interest depends upon the involvement of the
individual, this kit can make the student a partner
in the teaching process. Moreover, the interest of
the student 1s proved when he feela the interest of
the teacher as he sees him busy in constructing the

apparatus.

2. More Instructive

The psychological pattern of concept formation
is from the concrete to the abstract. New experiences
depend a great deal on past experiences. In this respect.
the kit is formed of ordinary available materials which
form an integral part of the past experiences of the
students. In the case of standard manufactured
equipment, there is no link with the past, on which
further concepts may readily be built. Manufactured
equipment is new to the student, and demands some time
to be understood. In other words, a certain learning

process must precede its use. Simple materials, on the



other hand, can be the first stones in the conceptual
schems.

For example, if a standard calorimeter 1is
introduced, the student wonders why such an apparatus
is used. The same thing appliea to electroscopes,
balances, pendulums, different meters, and most other
standard manufactured equipment. In other words, it
does not serve as a primary, concrete starting-point.
Some learning must precede their use. In the case of
equipment constructed from simple material, the student
feels at home from the beginning, and can see the
principle in a concrete form,

Moreover, the use of standard equipment creates
the impression that the laws of physics hold only with
such slaborate and shiny-looking pieces of apparatus.
Such materials strongly suggest that a gap. exists
between physics and daily life. Simple apparatus
bridges the misleading gap automatically, and shows
the laws of physics as facts derivable from simple
ordinary material found around the learner. Such a
process accelerates the transfer of learning because
the student does not find much difference between

classroom experiences and everyday life experiences.



3. More Demonstrative

One of the main aims of the equipment used in
physics teaching is to demonstrate physics laws and
phenomena. In some cases this purpose is defeated by
the use of standard manufactured equipment. The
student sees boxes, colors, and well-made pieces of
apparatus, but cammot see exactly how they function.
The learner sees a motor, running, a galvanometer
deviating, a telescope bringing the building nearer,
& hydrometer floating, a battery supplying current.
What do these mean to him? He understands them, if
at all, in terms of their function rather than in
terms of the principles according to which they
function.

In this realm the simple kit provides a much
greater epportunity to demonstrate principles and
laws of physics. With the use of the suggested kit
a motor 1s comprehended in its parts and principles
(E-31). Nothing is hidden in the galvanometer (E-32).
The telescope becomes very simple (L-33), the hydrometer

entirely convincing (M-53) and the battery perfectly
clear (E-11 to E-14),



In the case of the simple kit,the teacher is not
afraid to let the students play with the apparatus. It
1s cheap! And if they construct it together, no doubt
the student will learn its detaills by doing. In addition,
no irrelevant complications, housings, or protective
sceens are attracting the attention of the student away

from the principles the equipment is designed to show.

This does not mean that simple kit has no dis-
advantages. There is the possibility that while someone
is using such an approach he may over-simplify the laws
of physics which will gilve a wrong impression to the
learner, It must be made clear to the student that more
accurate equipment might lead to a more reliable form of
a certain law (although the essence of the law is the
same,) In other words, the limitations of this kind of
apparatus must be pointed out,

Moreover some of the phencmena that are related
to complicated manufactured apparatus and that could be
discovered only through the use of such equipment cannot
be demonstrated with Such a kit. Examples on these would
be the wave properties of electrons, properties of radio-

active materials, oscilloscopes ete.
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Flnally, if such a kit is to be used exclusively,
it may have a negative influence on students that will
enter college. In higher physiecs courses such students
are faced with a good deal of manufactured equipment.
They will find that they lack experience with such
equipment and might find it hard to bridge the gap
between the two types of apparatus. To overcome
such a possible disadvantage it is advisable to
introduce some standard equipment, whenever possible,
side by side with the simple kit, to acquaint students
with i1t, Neverthless, it must be sald that exposure
to the simple kit will do & great deal more for the
college-bound student than no éxposure to equipment
at all, and this latter is perhaps all.too-often
the actual truth of the situation,

Disadvantages such as these can be safeguarded
against if the teacher is aware of them. The universal
inexpensive kit can clearly be a valuable tool in the
hands of the physics teacher who aims to achieve great
things with a smgl1l capital investment,



CHAPTER IV
GUIDING PRINCIPLES IN THE SELECTION
OF MATERIALS AND EXPERIENCES

There have been many attempts to compile a satisfac-
tory set of experiments to be performed in the secondary
school physics course., The extent to which such sets of
experiments were used depended on the influence and au-
thority of the organization that issued them. Educational
research has not indicated in a straight forward manner
what lkinds of experiences are to be included in a seconda-
ry school physics program. Thus it i1s pertinent to derive
a system of guiding principles to aid in the selection of
these experiences.

A set of such principles was followed in the selec-
tion of the experiences and materials for the kit descrbdb-
ed in this thesis, These principles will be discussed in

connection with the fields in which they served as guides.
Selection of Topics

The kinds of experiences that are described in the

"guide" (Part II) depended upon three factors:
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le. High school reguirements

A study of some of the books used in high schools
has shown that these textbooks agree on a large number of
topics. A number of experiences and demonstrations were
designed to cover these toplcs.,

2o College requlrements

Although onky a small percentage of high school

students zo on to collegs-,l

college requirements were
taken into consideration. Experiences are selected in such
& way as to bear a similarily to laboratory experiments
on the college level. Such a similarity can help transfer
of learning. Some of these topics are :

Resolution of forces (M-h)z

Force and Motion (M=20)
Circular motion {M=36)
Radiation (H-20 and H-25)
Convex lenses (L-20)
Concave lenses (L=26)
Ripple tank (L=-36)
Wheatstone Bridge (E-22)

1in the U.S.A. about 25%. In Lebanon about 5%

°M stands for mechanics, and li for the number: of
the experiment in the unit on mechanics. All experiments
are numbered this way depending upon the unit and their
places in 1it,
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Potentiometer (B=23)
Terrestrial Magnetism(MG-12)
When such topies are includedy the student does not
feel thet he is in a completely new situation. Such expe-
riences will serve as a link between his high school and
college physics.
3. PSSC materials

The Physical S8cience study committee has issned
its recommendations on the basis of some studies and inves-
tigations., Conscequently some of the PSSC recommuendations

were accepted as determinants for the selection of some

experiences.

According to the philosophy of the PSSG,l experiments

like the following were included:

Measurements (G=-8 - 3=10)
Size of a molecule (G-11)

Wave theory of light (L-21 .s. )
Static electricity (E-1 to E-T7)

The first three topics are not included in most high
school physics courses. The last topic, although included
in most physics textbooks, it is not given as the PSSC gives it.

Lrssc, Physics, op.clt..
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Selection of Seqguence

The sequence followed in the organizaticn of the
demonstrations and experiments depended upon two prin-
ciples:

l. Nature of the material

Since concept - formation depends upon the past ex-
perience of the child, the demonstrations that clearly have
some connection with the past experience of the child have
been put before others. Moreover, the ones that deal with
issues that are facing the child every day were put befcre
issues that he must be made conscious of. According to this
principle, mechanics was discussed before the other units,
Although light comes first in the PSSC'=s textbookl, it is
placed after mechanics and heat in this thesis, because it
includes wave-motion, This concept, related to light, is
not an urgent issue in the mind of the student because he
is not conscious of the wave properties of light in his dai-
ly life.

2. Conceptual scheme

The experiences were arvanged so that when the learner

acquires a concept through one experience he uses it as &

Libide., pp. 179-307
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basis to sequire further concepts. For example, the con-

cept of beams in L-2 and L-3 is used in L=-5, L~8, L-10 etc.
Another illustration is takeﬁ from the unit on magnet-

ism. Magnetic forces are discussed in MG-6. Once acquired,

this experiment serves as a basis for the determination of

pole strength (MG-7). This experiment, in turn, together

with MG-12, furnishes a background for experiment MG-13.

In such a case the sequence can not be reversed. One can-

not start with MG-13, because not enough concepts are avail-

able for the performance of this experiment,
Selection of Material

In general, the material depends upon the experiences
selected, But since the purpose of this kit is to have it
universal and inexpensive there are many limitations upon
the selection of materials, It follows that in many cases
the selection of experiences depended upon the type of ma=-
terials needed for such experiences. The principles followed
in the selection of materials were three:

l. Availability

As was stated in the introduction and in chapter III,
one of the advantages of the kit is its universslity. There-

fore, only the materials that are assumed to be available
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anywhere were included, This principle excluded the use of
mercury, many chemicals, rubber stoppers, glass tubing,
pulleys, graduated cylinders, accurate balances, and many
other things which seem so ordinary in advanced countries,
This principle also excluded the use of standard galvano-
meters, ammeters and voltmeters which restricted many of

the experiments on electricity, and deprived them of any truly
quantitative aspect. In addition, the experiments on sound
were limited, because sound detectors like a gas flam