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Vorwort
4 .
o A -
Vezanstaltungen tiber aktus}le Probleme aus dem Bereich der Naturwissenschaften
-nelimen int Arbeitsprogramm der Deutschen UNESCO-Kommission einen sich §t4n-
dig vergréBernden Platz ein. Das gilt nicht nur fur Themen der Forschungsférderung
im ifhternationalen und interdlsziphnaren Zusammephang, sondern auch fur Fragen,
¢ die sich aus der Lehre der Natirwissenschaften und der Ausbildupg hierzu ergeben.
Vor-diesem Hintergrund st das internggionale Semipar {iber die Einfihrung natur-
" wissenschaftlicher Curricula in den Physikunterricht zu sehen, das von der Deut-
.schen UNESCO-Kommission und dem Institut fir die P4dagogik=der Naturwissen-
schaften (IPN) an der Universitit Kiel gemeinsam veranstaltet wurde,
_Die hierbei angeschnittene Frage hat.in den letzten Jahren zunehmend an Bedeu-- .
"tung gewonnen, wobei man versuchte - parailel zu einer sich immer schneller
-entwickelnden Technologie - auch im Physikunterricht die Entwitklung neuer
- Lehrmethodesr und -mateérialien mit Nachdruck voranzutréiben. Die nach dem
Ericheinen des Sputnik zuerst in Amerika und England begonnenen Projekte fur |,
Curriculumentwicklung in den‘Naturwissenschaften = jerzt belfuft sich die An-
zahl 'von Projekten international auf einige hundert - und etwa ‘die erhthten Akti-
vititen von Lehtplankommissionen sind Anzeichen ftr diesen Tl'end Es ist nicht
zuletzt deshalb notwendig, neue Wege zu gehen, weil die in jlngster Zeit ange~
strebten Reformen fhr Ziel nur in beschrinktem MaBe erreichten. Gangbare Wege
zu finden heiBt auch, .den Informationsflu8 zwischen den verschiedefien Techni--
ken, Systemen und wissenschaftlichen Grundlagenforscﬁungen auf dem Gebiet
der Pudagogik anzubahnen und zu fordern. Diese Forderung zu erfillen, sah die
Deutsche UNESCO-Konyrission in der Méglichkeit einer gemeinsarrmn Veran-
* dtaltung dieses Seminars nit dem Institut fur die Pidagogik der Naturwissenschaf-
. teninKiel, wobei eine sthon seit langem bestehende gute Zusammenarbeit ge-
‘nutzt werden konnte. Es'sei der Deugschen UNESCO-Kommission daher an dieser

- - -Stelle erlaubt, ihren besonderen Dank dem Institut fur die Pidagogik dér Natur-

- wissenschaften und dabei speziell seinem fritheren Institutsdirektor Prof. Dr.
K. Hecht und dem heutigen Geschaftsmhrenden Direktor Prof. Dr. K. Frey auszu- -~
" sprechen.
Dank der internationalen Verbindungen der UNESCO in Paris gelang és der Deut-
schen UNESCO'Komm'ission. Teilnehmer aus drei Kontirienten zu diesem Eﬁfa‘h— _
_rungsaustausch zusammenzubringen. Das IPN besorgte die wissenschaftliche Aus-,
richtung; durch seine enge Verbindung mit dem Groupe International de Recherche
sur 1’ Ensgignement de la Physique (GIREP), einer internationalen Vereinigung von
Physikern und Physiklehrern, konnte auch es eine Reihe ausliridischer Experten
flr-Beitrdge zu diesem Seminar gewinnen, Diese internationale Zusammeharbelt
in Referaten und Diskussionen - aucH mit Beitrigen von Fachleuten stidosteuro-
piischer Lindet - unterstreicht die Bedeutung des Seminars und hat sicherlich
nicht zuletzt zu seinem erfolgreichen-Verlauf beigetragen.

Thomas Keller .
' Generalsekretir der cLe
T Deutschen UNESCO-Kommission .
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g Proceedings conne(:ted with . current problems in the spherg of AQe natural sciences * ‘

occupy 4 continually larger place in the operational progfamme of the German
Commission for UNESCO. This holds good not only for topics haVing a bearing on
“. * . the promotion of research in the international and interdiscipllnary connection,
S but also for'pertinent questions arising out.of the theqry of fand instruction in, the
B AR natyral sciences. It {3 against this background that is to be seen the international ’
A seminar on the introduction of nat science curricula in physics instruction that '
was organized jointly by the Germ ommission for UNESCO and the Institute
for the Pedagogics of the Natura¥Scifices (IPN)-ar Kfel Untversity,
. lncreasing importance had attach difhzrecent years to qu%mons cropping up in
y this connection, wlth the attempt’ béing tade < parallf} oa technol6gy that s -

A advancing ever more rapidly - to press forward energetically with the develop-
. . mentof new méthods and materials in physics instruction as well. The projects
: for curricula development in the natiral sciences, first initiated in Arerica.and
.. Britain following the appearance of the Sputnik - the number of projects pursued
/ on an international basis now amounts to something like a hundred - and, possibly,’
the increased activities of instructional plan commissions are indications of this
. w,, trend.‘'Not least is it nece‘ssary to adopt fresh approaches, because only to a limi-
' + , ted extent have the reforms sought in recent times achieved their object. To find
R practicable ways- also means embarking on and encouraging the flow of information \
. among the various techniques, systems and axioms'of science-in the field of pe-
dagogics. The German Commission far UNESCO saw the feasibility of meeting
~ this demand by JOrganizing this seminar jointly with the Institute for the Pedago-
" glcs of the Natural Sciences in Kiel, whereby it was possible to make use of the
excellent co-operation that has been existing for a long time already. At this
. place, therefdre, the Gerfan Commission for UNESCO may perhaps be permitted
to tender its special thanks to the Institutefor the Pedagogics of the Natural
Sciences and particularly to the Institufe’s former Director, Prof. Dr. K, Hecht,
and to the prescnt Director of operations, Prof. DrJK. Frey.

Thanks to thr. international connections of UNESCO in Paris, the German Com-~ .
: mission for UNESCO succeeded in secu‘iidg the attendance of people from three ;
~ continents for participating in this exchange of experiences. The IPN was in char- ‘<

ge of the scientific arrangements and, thréugh fts close connection with the
Groupe International de Recherche sur 1l Enseignement de 1a Physique (GIREP), an
. international association of physicists and physics instructors, it also succeeded in
getting a number of foreign experts to make contributions to this seminar. This
. international co-operation in lectures afid discussions - including contributions
from experts in. South-East European countries as well-- underlines the significance
of the seminar(and certai})ly helped, not least, towards the success of its course,

. . ) v - Thomas Keller
9, . Secretary~General
- v German Commission for UNESCO -
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Karl Frey ‘

~ The impleméntation problem of science curricula .

L . - . s

7 ) ) - , . 0 ]
The topic of th %UNESCO-Seminar {s "The implementation of science curricula
with spegial reghrd to physics instruction”. This topic: has not only deveéloped in
- recent years fts own objecttves foi"’ which expérlences can be exchanged, but also *
has become, espectally in the nzttuml sciences, “a question of primary concern.
The priority of this question has #ts reason in practice, because in recent years it .
could Be showjl deflmitely {n this sfea that reforms of education did not reach their -
goals, because the implementation did not lead to the desired products andsbecause
curriculum devélopment was. in' danger of becoming an ‘uneconomigal enterprige..,
The first statement, that'the finished curricula did not lead to the desired students;
learning results, as well asithe second, .that curriculum profects becoine too expen- :
sive and relatively: ineffective enterprlses. have 1Ied to basic thoughts conceming C
the curriculum proéess\ . "
ot One kind of reasoning 1ed to the extreme P sition- that no cur:icula shaiild be' qon- -
structed as such- anymore but ‘orily broad"x% general topics., ‘educational téndencies - -
or "objectives with open ends" planned. The whole’ ‘curriculum process is so to .
speak réduced to the fnstructional: moment, when the teacher intemcte with the_
student.
. On the other side there were thoughts and experlments to plan the cnmculum pro- .
| cess in its phase of impleitientation totally by using the different kinds.of knowledge ..
B and techniques from reseaich indnnovation, system engineering. socialization’ '
R techniques, and administration theories. At the simé time, problems of methqdo-
f * logy and systems’ of science arose immedtately Currficulym {niplementation has
been shown to be ‘an‘utmost complex field, where system theerétical as well as :
- fdeographical statements are possible and.necessary. In addition, traditional re~ ]
" search designs controlling variables are not applicable for explaining and exploring ~ .
. implementation processes. There is also the interrelation of a;eas to be attacked R
experimentally, and the areas.of policy-and norms, ) '
Some of these problems are intendedsto be dealt with in ‘the contributions of the
UNESCO-Seminar, e.g. the central point’ ot;teu:hers as implementators of curri=
cula (eontributions by Rogers, Thomsen, Baez,- Sawickf,: Balasubnamanlam) and
evaluation (contributions by Wood, Keeves and others). S b
Unfortunately, the general topic of implementation of curricula in the natfiral. -
sciences could not be attacked systematically, but mainly from the viewpoint of
single- projects or authors, The expansion, concretization, and conneottons between
the contributions happen in discussions and workshoyss. ¥
As a consequence, in addition to the presentation of each baper, exchange of in-
formation and development of new concepts is possible. which is a major goal of
o : this lntemational seminar, : : . / -

-

-,

. >
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, . . ,
In addition, the UNESCO-Seminar, dealing with implementation and curricula in
the natural sclences in'the IPN, is a new model for.coopération between the Ger-"
‘man UNESCO-Commissien and subject- or science-oriented {nstitutions, In this -
. model, UNESCO lays the necessary-foundations for financfal resources and external
. * facilities afidr takes care of the_public representation of the sebiinar. The IPN takes
‘ care of the planning of the topics, the structuring of questions,. and the fnner organi-
zation of the seminar. We hope that a fertile approath has been found, by this
.  complete subjectfree planning of content and at the,same time the assistance of
: the external drgan}zauon. so:tlfat an {nternational exchange'of fnformation and
... the collective development of new concepts will be possible.
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o "“The role of the history and phnlosophy of phy, Jsics in the physucs o ’ "
| ’ cur.rnculum » ) N o e,
"-‘ T ) T / P ' . . . v o L . ! - -
. . - h . . ‘ . - Lo . hu ’ o : 1o
- hd — : i ) . —~ o , PR
' - ‘_w " s . . L ' L B : a
1: Introduction" L ' S . O ‘ o
. —_— . “ . AR .

o Citisa formidable task to persuade some of the professional physicists who ultirﬁ'ately
exercise considerable control over much of the physics taught in schools and colleges -
- by their influence on the production of syllabuses and on the setting of examinagions,
. '« of the Value and importance of the history and philosophy 'of phiysics. Such physicists °
. seem unwilling to.see-physics s anything other than the retiuction of physical pheno-
. mena to mathematical tepresentations which take the place of reality. <
- There are those who are simply destructive critics, arguing that histoty and philo- .
- sophy of physichase nothing mote than a_complete waste of time for all kinds of, .
"« students at every level. To this extreme g@sition we may reply-that science fs essen-
- tiafly a process, stretching through time from the past, through the present to the
+ future. In the second century B.C. the. great Gréek astronomer Hipparchus cofiStruc- -+
ted the first accu;atg star map. Nearly two thousand years later, Bradley ‘tecorded
‘precisely the Bositions of.many stars. In.1818 his tesulfs were revised by Bessel add .
. -. 1in 1886 again fevised by Auwers: Since thex fresi rne{suré@entshave been myade
el and in this.way -we discover that certain stirs move extremely slowly in varigus dfrec-
- tions. Ttds out of such patient enideavour that Scientific knowledge emerges, Sciénce !
: ' .may ignore its higtory, but if {t does it runs the risk of failing. At the end of the nine- .
- teenth century, physicists y ere very concemed‘because it seem\d impossible to dls- o
_cover whether .or"not the ¥arth moved through the aether from an experiment per-"  “ "~
“formed in an earth=bound laboratory. The refined thethod upon which.Teliance was '
placed, depended upan a systém of mechanics built on foundations laid by Gallieo,
-~ -But in 1630 Gzlileo liirhsélf had written: "I will endeavour. to show that all experi- R
ade‘upon ‘the Earth are ingufficient means to conclude its mobi~ ‘
lity, and ared ifferently applicable to the Earth movable or immovable”; and this
.was in fact an €ssential part of his theory. But rio one femembered this and the para~
"'dox remained uriresolved until Einstein’ said the same thing in different words .
Herbert Dingle writes; ® - PR
. the history of science is science. Scientific workers-may forget this, "and
knowing little or nothing of the ground on which. thoir edifice rests, may add to
. _{ts structure and peach positions of the highesteminence in their proféssion, but
. they are not then educated men. To the true scientist they are as the artificer to
the artist, the sleep-watker to. the explorer, the instinctive ery to the pregnant
" phrase. Such a one may achieve much of value, but-he is also a potential danger,
At the moment he happens to be a profoundly .disquieting menace to our civiliza-
, ton"(1).
It would not, I think, be equally valid to claim that the philosophy of science i
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-, science. et surely it is almost beyond contention that an important part in the pro-
cess of learning about science must lie in trying to understand the nature of science.

~

% The scientist making the semi-serious charge that the task of the fi§ilosopher of

. science is to make difficult what-eyerybody else finds-ferfgetly easy, is misinter- -
. preting, perhaps deliberately, what the phifosopher of science is trying to do.

B Amongst those who expre#s constructive doubts concerning the b.ist'qry and philo.sophy

T

v

-

LA

of science, it iy possible to distinguish the folloding groups:, -
(%) Those who argue'that’Ince it is not possible to unéastfr-accurately the whole
.historica] truth about anj past-set of cistumstances, the whole activity of looking at
* . the history of scierice can lead only to frustation and mfsconceptions (2). This view
" is surely unduly pessimigti¢. Certainly, {a’l{aci_es may arise from the use of bad or”
-inadequate Kistory of scienée(of which there is admittedly a good deal), A good
history of sctence that i based upo#i some acquaintance on the part of the teacher
with original rather.than ¢egondary sources, is able to provide-iHumination without
necessarily cﬁiming completeness for the story told. §.G. Brush, by using a num-
‘ber of dase histories, has {llustrated hoW dver-Yeliance orglseéondary sources can lead’
. to errors ~of“fn‘ct being»perpet_‘uaged.(ﬁ).. . b '
>’ “In connection with the point.of,accuracy in history, G. Sarton has written:_
", .. those.who know science -or areisuppdied to know it because they have made
+ " a spectal study in some narrow field'are often given'to viewing history with con-
“ témpt. Theey think that the study. of history is hopelessly inaccurate and,-according
to their own definition of science.\wscie‘xftiftc.‘bThis is a mistake, which, how-
* ‘ever, it would tike too long to refute completely. Suffice it to say that historical, .
studies, like all other studies, are approximate; the approximation obtained by
-+ historians may be loosery but the studies are none the less scientific for that. It
is not so much its degree of approximation, as a definite knowledge of this degree,
that gives to a study'its scientific character”(4).. X : St
(b) Those who accept the value of the history of science for students who are not
%ing to become specialists in the subject, but have doubts about its value for the
hi

’

ure professiqnal!scientist.Q’I’hus. +J.B.*Conant, who has pipneered the use of

% e/ majors’ [see, for example, "Science And ~
Case Histories in Experimental Sciencé"7 has fvritten
story of scierice may help a scientist to function . ._

torical case studies for ng

e should adopt'in order to make new discoveries, R.B. Lindsiy
d this view by giving a-number 6f instances in-which scientists '
‘have been greatly helped by a knowledge of the work of their predecessors. Sucti in-
stances include ‘Galile}ys ratiance upon 'Archimede$ in mechanics, Young and .
. Fresnel's careful stitdy. of the work of Newton and Huygens in optics, and
] de Broglie's dependence -oh the speculations of Hamilton and Jacobi on the
©  relationships betwéen mechanics and optics (5). H. Dingle also, takes a view
. contrary f%hat of Conanf. He suggests that any scientific researcher will profit
by returning to the‘greawd {nvestigators of the past within his’own parti-
cular grea of research. esults of such forays can be surprising; since the resi-
duum of the work of such peopie which gets fossilised in textbooks often presents a
. distorted view of what they actually did and thought. Dingle feels that clues to the -
. . psychology of scientific discovery can often be gleaned ftoim this kind of historical
. study (6). - o B ' R o
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{c) There are those wha believe that a study of the history and philosophy of science.
though very valuable, should essentially be confined to gra?hate study. O. Blllh :
for example. has argued that *
.- -%... only if students have some background of the subject will it be possible to
awaken their interest in the historical development seen as a search for knowledge.
. One might venture to put forward as an educational principle the proposition
- that the specialist will appreciate the wider aspects of his chosen field of study
. ’ only when he sees them ffom his local standpoint,. from the viewpoint of his
specializati on”(7). :
i * This view may yell be applicable to a detalled study of the te%micalities of the *
' history of science but it can be argued that much can be done 2} lower leve)s by -
piesenting physics with a dye regard to its historical and. cultura} setting. Even in
an initial course’the historical material does not have 4o be con ‘fined to-anecdotes
and simplifications of doubtful authenticity as Blith contends, /"See G. Holton's
comment on Blith’s Dpaper ¥ the American Journal of Physics 23,389 (1955).7
In contrast to the doubters, many eminent scientists have written persuasive articles
and given eloquent talks in an attempf to justify the“importance of the history and
‘philosophy of science. Six extracts have been chosen from a period covering more,
than forty years. ,
-(a) 1In 1927 Charles Singer wrote: .
"We cannot form a clear picture of the government kf our country unless we know
its political hlstory. and we cannot attain to an educationally valuable k owledge
of science unless we know also how that body of thought came to be t in fact it
is, We must understand the judgements on which it came to be based. Lpng bgfore
the days of Comte, Goethedassured usthat the history of science isscience itself,
~ If trained alony historicaf lines from thie firstmthe studént will learn to recognise
_that sciengg)f?s grown in the past by the operatlon of forces similar to those which
are promoting it in the resent. And, moreover, that sciencehas not only grown,
but has also developed, and that this process of development has been so profound
that the whole appearance of the body of sciggtlflc knowledge has peen changed.
This naturally leads to the attitude that what #as happened repeatgdly in-the past
may be expected to happen again, and that even what seem our frost fundamental
scientific conceptions are liable to revision. It is in this willingness to revise opin-
ions that scientific attitu@e is fdund, Practical atquaintance with the methods of
science is.needed to help us live our lives. A survey of science that shall aid us in
undesstanding our world is no less essential to make dur lives worth living. For such.
v ‘a survey, historical considerations are not only necessary, but are implicit in the
very attempt”(8), PR i .
(b) In 1952 I. Bernard®\Cohen wrote: ‘ : .
From the point of vie General Education the purpose of teaching. science s
twofold: social and intelle§tual. This reflects the dual rote played by science in
our civilization. Sciencefias come to occupy a foremost place among the factors
affecting our health, ar€alth and security, and producing social change; whether
7 \e promotion of science must be a primary eoncern for'all active
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Yet to view the social context of science only in terms of the fruits of science, would
" bea cruel travesty, Since its very {nception science has been the delight of the mind,
one of the great creations of the human spirit, and its effett on every other branch of
* #.  human thinking in evefy age is manifest to all who Have eyes to see, .
" ... Taken over the centuries, scientific ideas have exerted a force on our civﬁization
fully as great as the more tangible practical applications of scientific research, And 1
- would submit that to present science in purely abstract terms 28 a collection of {nfor-
"mation or:as a system of knowledge, theleby ignoring the place’of science in the
4 drama of human history, s simply to rob the students of their own heritage as human
‘beings and to reduce one of the most exciting chapters in the history of mankind to :
the bare bofes of observed facts and the skeletons of dry theories built bf them"(9) - K
- . (c) In.1966 S. I “Jaki wrote:-
©« ° ™Although physics has.grown into a major force in history, its own history {s little
"~ known.and seldom reflected upon. Yet, like any other human creation, plysicscan~ v
be fully understood upless it is viewed in the perspective of its historical deve~" e
: %}nent Indeed neglect’ of the'study of the recent and.remote past of physics is
probably a principal cause of the cultural split that in our age has ‘put scientists and
humanists in two widely separated camps - the phenomenon C.P. Snow has labeled
*the two cultures’ "(10). \
(d)" Again in 1966, 1.1, Rabi?® the Nobel Prize Winner- spoke as follows at a mee-
.~ ting of the Educational Policies Commission, A.A.A.S, Meeting in Washington D.C.,
7. USA:
* "So what I propose as a swggestion for you is that science be taught’ at whatever Tevel,
- from the lowest to the highest, in the humanistic way, By which I mean} it stould be
.taught with a certaim historical understanding, with a social understandigg, and a -~
human understanding in the sense-af biography, the nature of the people who made
- this construction, the triumphs the trials, the tribulations"(ll) ,
(e} In 1967 A.J. Woodall wrote: Iy -
" The rapidity with which the facts, theorles and techniques of sciénce are changing
ensuzes that the currently ‘accepted version of sciefice will be drastically modified in
. many ways within jhe next couple’of decades. If we could present. to our pupils a fair
T version of " sciencestoday’, without bothering durselves or them with what has gone
- before, as preparation for a career in this increasingly science-dqminated techriola- -
gically-adyanced world, it would be like using a singYe still from the middle’of a
film as preparation for viewing the next portion of the filmi, we must know some-
thing of what went béfote in order to form a mental picture of this vital, deve-
loping entity we call science and fit it into its sefting as an essential part of modern
ciyilization? (12) ' « " :
In 1969 L-E. Klopfer wrote' ‘ .
“In a fast-moving, ever-changing world of events it is easy to ignore the record of
-past accomplishments, struggles and defeats; history, the teacher may clajm, has
) little relevance to the contemporary scene or to future problems, In the face of
= . numerous scientific discoveries, science teaﬁhers feel overwhelmingly pressed to
. reshape their {nstruction so as to keep it upto date; the history of science, they may
« . claim, can coritribute little to kiiowledge théir students need today, Both .of these ’
-+ .claims are ertoneous. Familiarity with political history does enrich an understanding
of contemporary world events and issues Likewise. the history of science can help

.
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students fo attain a better understandin of science. The history of science can serve.
as an important source of insights and materials for the teaching of science”(13).
Despite such powerful pleas over the years, the reaction of many physicists remains ¢ *

something like the sceptic considering the Twin Paradox in Spectaf Relativity: -

"You have proved your case but 1 don’t believe a word_ofAtT™ While admitting-that !
the history and.philosophy-of physics is important and that students should not go in
ignorancé of them, nevertheless they are. not to be conf;s::;y}th ‘real’ physics. This ~ v

- would seem to reveal a profound misunderstanding concer Tng the meaning of

‘real'.

1t is n,ecessary»to expre?} concerri that as phys._iés teachers we ré.often kept-busy = .

" constructing models of what we believe is happening in our clastes whereas the rea-

o

" lity is frequently very different. Now models as used in science have negative analo-

gles (. e. features in the model that are differentfrom thé thing or process that the-
model i3 describing) as well as positive analogies (14). It is possible that one of the -
negative analogies of the models of the Fearning/teaching situation in physics cl&s

that we construct at conferences and in curriculym-development and research groups :
as compdred with the actual situation in a real classroom lies in the nature of science, °
It is precisely in this area of clarifying the nature of science that the history and phile
sophy df science have a vital part fo play, : _ -
As edficationalists we must not listen too closely to the narrow. views of professional
physicists,however competent fhey may be within their own restricted areas of research.
Such competence does nof compel educationalists to accord automatically. any special

+

yirtues to their views on physics education. Still less ought such views to dictate our

actions and fdeas within our area of expertise. .In the December 1971 issue of scien-
tific American there {5 a reproduction of the ambiguous picture by S. Dali v

_—~"$lave Market with Apparition of the Invisible Bust of Voltaire”, When viewed at

close range the figures of people predominate; when viewed at a distance the bust of =

" +Voltairs becomes dominant. . '

Equally a-narrow, close view of physics must yield a vef‘y different. picture frbm that

. obtained by someone standing back from the esotéric frontiets of contemporary ré- - &

search in order to attempt to see physics as some sort of organised pattern connected

and unified by certain basic underlying principles. .1 would want to argue that i fs

the latter view that is overwhelmingly the more important for physics education. K o
It is essential to consider again the problems of how we present physics af afl levels N

*becauséMthe situation facing us in schools and colleges is radically different from the

_one that has existed id the immediate past, There has been a violent change in the

ERlC
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. cular achievements, seferce finds itself now scorned and often reviled. H. MacMahan -
- recently wrote: . . .

status of selence. From enjo)/ing 4 relatively high reputation as a result of specta-
“No one can depy that careless exfaloitatlyon by science and fechnologY'has cofr-
tributed to the multi-crises of our times. To name a few: the possibility of total”

_ destruction by nuclear war; an irreversible polluting of our entire planet; a totally

., unsupportable arid largely miserable society brought on by an unflontrolled popu- !

lation explosion; a world-wide alienation of citizens, especially young people,
. from a highly complex technological society in which they themselves are irre--

ievant pawns"(18): .~ . . v ct
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While it would be an exaggeration to Zlqim that the new viey of science has yet a

firm told on the majGrity of today s youth, nevertheless a sub®antial minority do
‘adopt extreme anti-rational views in regarding science ds basically evil. Thus,

P. Goodman fn “Growing Up Abswrd” writes: . :
. "Dissident young people are saying that science is antilife, it is a Calvinist

obsession, it has been the weapon of white Europe to subjugate colored races, .-

and scientific technology has be¢ome manifestly diabdlical. *

--Now this ig a violently extreme view but we need to take heed of it and we certainly
"“must not let any case that we have concernirig the.manifold benefits that science has

' brought.to the world go by default. For the influence of extreme positions is not to be

7

gauged simply by eounting the heads of extremists. They often have an influence out’
of all proportion to their fumbers. Extremist views ate usuilly superficially seductive -
even for great allent majorities who may well use the views,” fréquently uncorgciously,

1o establtelifranfes of reference.

So we need to re-exaine carefully the fundamental prlnciplf:as that are used in con- |

structing physics syllabuses. A. Baker in “Physids and Antiphysics” argues that the
educational system is changing with great rapidity. He writes:. '
“The uniyersities have two responsibilitiey, and to some extént these are in con-
flfct: onejis ta.contribufe active leadership during periods of political and emotio-
nal crisis;{the other is fo preserve islands of reason and objectivity ahento keep as
many people intellectually free as possible. I do fiot believe tifat theselobjectives
.. .are best sefved any longer by maintaining the traditional separation between physics
“ and thé rest of life. The humanities are in touch with the majority of young people
. and the acAdemic humanists are in the vanguard of the new moveinent, Yet we.
contlhme for the most part to teachyphysics as if nothing has happened"(16). )
Baker is, of cgurse, referring to the American situation where a larger proportionof -

. students goes.an to college or univefsity than'is the case in most European countries.

So the ‘duties which he outlines for Anerican universities imust in -some sense devolve
‘upon|the Européan schools, I want ;:gréu ' :

and philosophy lof physics, We>can tielp to shape the image of physics in such-a way
that we can meet Baker's requirements even in jnitial physics courses. )

We figed to modify drastitally the'tdea that real physics consists of learning several

. methods of meaguring the value’of certain physical properties or of performing mathe-

.matical gymnastics on cunningly-devised artificial problems made manageable by
aseribing idealised properties such as zero friction or point.masses to the world, Stu-

- dents of physics 48 whatever level must-be'presented with somethifig of the ways in

(‘/ as much as its content. Emphasis should be placed upon the “verb{" aspect of physics, ’
. in the senise-of phy

v

. which hypotheses |are ‘generdtéd and tested, models are developed and modified,
laws are formillated and circumscribed anfhtheoris aré copstructed and inter-con~ .,
. netted., Though the word™"real” is niotoriously difficult to define,  surely it is the

- uses of hypotlieses|- models,. aws and theorfes that are the “real” physics. The pro-
fessional physicistimay learn the use of such concepts within his own research: For
‘the majority of people witG learn physics there will be no such opportunity afid we <

_ need specifically to deal with such areas in“all our courses #f students are to emerge

with gny understapding of Mre frue nature of sofence. . '
kX

In brder to reshape|the image of physics we need to alter.the style of our ‘teaching -

¢s 45 a dyhamic develQping discipline, -as well as upon the “noun”

e that by paying due regard to the history and -
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aspect-of physlcs in the sense of a cotlection of facts, definitions, laws and theories
which have to be learnt without real understanding for regurgitatlr n at speciﬂc points
in space-tlme such as examination halls. o
Above all. we need to reveal to our students that physics is done by people who have,
.the normal range of human feellngs (17). Physicists do not believe that they are in-’
" faflible nor that their subjectis wlthout its own inherent Ymitations. Most recognise -
‘the dangers of the all- too-commadn misconception that seience is the ali-powerful . -

. final authority. Perhips fewer recognise the dangers of dogmatlc tendencies within .
: physlcs Landé writes: .
if you cannot explain it, call it a principle; then defend it as. fundamental "
——o— " and absolutely. irreducible, so that speaking ‘of the unsolved riddle from here on

. becomes the mark of naiveté if riot of heresy”(18).
In general, however, physicists-do hold that their subject properly used can provide
long-term solutions to many of the very: real problems facing the world.

- Before presenting the more posltlve aspects of my arguiment, mention needs, to be
made of certain features of the presentation of the history and philosophy of physics
that should be gvoided,

(3) Wé) must surely look beyond the mere presentation of a rag-bag of photographs

, of the busts or tombs or monuments of famous physicists’so beloved by authors, pre-

- sumably as a means of humanising their texts, Such things have a strfctly limited
: & appeal for students and may indeed deflect attention from the more important exami-
nation of the way in which the ‘perSon concerned has taken an idea and developed it
~ within the contéxt provided by the society in which he lived.
(b) There :s no need for students to be burdened by minute details of the events con-
sidered. There {s littie to be gained by insistence on the memorisation of dates (and
indeed many, of the dates scattered through the average physics textbook are factually
incorrect). Furthermore, -even if they were correct they would contribute little to the
historical understanding'of physics that we are after. We should tastead deal with the
broad sweep of ideas in which students have an idea of the relative chronological
position of famous physicists as great themes of physics develop. .
(c) The philosophy of physics is often said/te be abstract and lncomprehensible i
- 'our development of the philosophical {deas of physics leavgs students with this impres-
. € sion, then-it has failed. 1t is not difficult to avoid over-c plex-ideas at the early
qgtages and yet still present certain features of scient{fic methods to our students so

that as they become more mature they quite naturally approach scientific problems P

ir the righit frame of mind. : @ i

(d) The philosophy of physics can be expressed in a highly technical and symbolic

Janguage. This would be quite inappropriate in the kind of course about which we -

“are talking. o ' :

Some comment needs to be made at this stage on the connection between the history

. and the philosophy of physics. In this paper I have accepted the view that for the

« historical record to have any useful meaning it has to be interpreted and related to

_ ", present knowledge, This interpretation inevitabty involves philosophy. Again, the -
R influence of philosophy on the development of physics fs most clearly brought out in

g . Aterms of cancrete episodes from the history of physics. For reasons such as these it

" _.would seem that for our purposes the hlstory and the philosophy of pbyslcs are in-

. "extricably related. . , A
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_Concemlng the background of my proposals. it is not my intention®to argue that all
4 that wd need to do 1s to insert a section wifh the title "History and Philbsophy of
"~ . Physics” into every physics gurriculurh and siniply allaw it to take its/place“along-
- 7" side "Mechanics”, "Heat", “Optics?, "Magnetism and Electricity”, "Modern Physits”
an so on. Still léss is {t my contention that a courge on the history and philosophy of
... physics.should- -replace the physics course. My plea is that' we should allow the history
", and philosophy, uséd judiciously, to influence oufwholg style of teaching. In my -
view, the style of our teaching is the most vital single factor to the success of any
curriculum.,: It i3 ‘also the most difficult factor to get exactly right for it s so elu-
sive (19).”
». Many. of us proceed at an enormous rate through the syllabus, making deflnlttons,
. introducing concepts, deriving formulae, creating problems and so on, so that it is
" 'little wonder that even with the best will in the world, our students sometimes feel
‘that they are standing at the bdttom of 4 veritable waterfall of knowledge. It is
natural for them to grasp at definitions and formulae out of this welter of informa-.
tion as glven them at least some sense. of seciirity, ‘Not surprisingly they too easlly .
assume that sach thingy form the essence of the subject. &
J.Rigden in an article "Reshaping the Image of Physic;"(20) argues.persulslvely ‘
that therg aré three changes in style of teaching which could help to change the: - ¥
lmage phyleS as being little morerthan a vast collection of isolated facts:”
First, we néed-to share with our students something of the wonder and pleasure that
we feel’ coticerning the intellectual structure thaf physiclsts claim to have built in
order to explain the physical world.
Secoridly, we need to’ lay emphasis on physi;:s aka dynlmlc process rather than "
simply a static product. Facts stated-n a straight-forward way are rarely interesting
" -and compelling. But the sarfie facts placed within the context of how they came to
be discovered and understood can become fascinating, It is difficult perhaps to give
the context of many of the more intriguing contemporary advances in physics.on an
~__inftial physics course since to understand them adequately necessarily involves a
good acqdyintance with some quite sophisttc’ated mathematical techniques. This is
‘ no excuyse, *however, for failing to present physics assa dynarhic process. Here. is
~ oné: polnt~ where the history of physics is able to help, for it s not difficult fo-find .
topics that can be developed in a way that will reveal somethirg to students of the . te
"y drama andintrigue that was originally present. Rigden writes: :
“'The historical development of selected topics, perhaps in case studies, would
“show students how. {deas are born,. tested, modified, compressed, integrated into
" morge general s&hemes, or devltaljzedft%he extent that they slowly fade from L
the scene”(21). : o
Thlrdly. it is necessary to reduce the she.er bulk of material that fs p:esented on R
“+.  +nitial physics courses,  The teacher needs to gatn elbow room so.that he can show
.by tracing the evolution of selected theines how today s process becomes tornorrow ]
© product in the development of physics. X
i . Tt is now necessary. for meto bé positive and spectflc concerning the role that At is
iv . my belief that the history and philosophy of physics can and ought to play in the
' “physics curriculum, This \iole may conveniently be analysed ih terms of certain . _
, * attributes, *aptitudes’ and attitudes wiich might plausibly be held.to be desirable . o
- ina student completlng an lnltlal course: whether or not he Jntends to go on to ‘ '

>
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specialise in physics. And as  Professor Eric Rogers has remarked, we must be een
cerned with the student not only during the course and at its endbut 21so a dozen or
so years beyond, for some ‘at least of his feelings concemning,his physics course may
well influenceé his children when they in turn cgme to start thefrown physics courses.
It might be .a salutary experience for us to ask our own pupils, twelve years after.
, they have-left us, what they remember of the courses that we gave them. I suspect’
that in the o days it could well have been some vague recollec%ie:sity

bottles, pulleys and inclined planes; 1 hope that with all our new cour e future
will not yield a similar sort of restricted recollection but then in terms of linear air
tracks, ripple tanks.and power packs! . 7

I shall not rehearse all the grand.feasons for introducing the history and philosophy .
of physics into the physics curriculurm This has been:done so often ajd so well in
the past and more récently in a fascinating and timely paper by Profesyor &, Holton
with the title "Improving College Science Teaching: Lessons from ntemporary
science and the History of Science” (22). Nor shall I give an extended discus-
ston of methods of using the history of physics in physics teaching since a comprehen‘-
sive discussion may be found in an excellent article "A Sense.of {istory in Science”
by I. B. ‘Cohen in American Journil of Physics 18,343(1950). Rather I simply
wish to point to sor\g trends that I believe are desirable and which can conveniently
‘be emphasized b &%\vg historical and philosophical perspectives in our physics tea-

" ching. Some phys‘cs teachers may well feel that some of these trends will arise in-
cidentally in their-teaching. They may feel that they exfracted the features that !
will be describing out of the physics courses, many of which were highly traditional,
thaf they themselves took, 1believe, however, that we should not too readily as-
sume that what has happened to those of us who eventually chose to become physich
teachers will necessarily happen to all our students unless the points are made ex-
plicitly at some stage in their courses.
. O - o N ‘

.2, Students should be able to appreciate that msics is a pretty grand affair

and yet is a profoundly human activity ,

N

Physics is so grand that it vitally needs the very htman ait of 1magin5tion if it is to
begin ta accomplish its task. Physicists do not become desiccated calculatmg m
chines on passing through the door of a laboratory. Too offen we underestimate t:%
~part played by imagination and intu1t10,n in physdcs. Emerson wrote- .
*Science does not know its debt to-imaginatjon, " ’ ’

. Ang while one might quarrel witi the depersonalisirig ‘effect of using scienée' rather-
than scientists , on¢ can heartily agree with the opimon here expressed Max Planck
does not make Emerson's error when he writes: - . o ‘o

- "The ploneer scientist must have a vivid intuitive imagrnation for new ideas, ideas

. not generated by deduction, but by artistically ctreative imagination. A(23)

The history of physics shows man examples of great discoverjes being made by the

"stubborn adherence to ideas tHat have arisen in a great physicist’s imagination. There

are leaps in the dark which yield stupendous results. To take but two examples, think
of ‘Louis de Broglie's almost mystical conjecture that {f waves could behave like
'partlcles, particles might behave like waves. Remember that atthe time this could
equaily well have been the: insprred guess of a genius or the wild fantasy of a fanatic.

. . -
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S Or think of Dirac's interpretation ofsthe equations of relativistic electron theory in
T which he suggested that if all energy states of electrons defined by his equations are
: equally permissible, then even in a vacuum we can Imagine a space teeming with
.eléctrons, but having neg{ ative energy. If from this "sea” of electrons, an electron
jumps into a state of positive energy this would mean the appearance of a nega-
tively charged-electron, with a “hole” left behind which acts like an electron of
positive charge . .
“How can'one possibly belleve that these exampleé’gﬁe evidence of any sort of
-automatic straight-forward computer-like activity?'And yet physicjsts manage it all
_often! Thus‘in the case of Dirac’s suggestion, many physicists at the®ime thought '

-

that it was no more than a mathematical curjosity - a trick with the equations, - -

s having, nq real relevance to the world of material particles,
The two examples given above,are chosert more or less at random fromi th'e many

possible ones available from the history of physigs. This area {3 pursued much further o

in a ypry {nteresting book by A. M. Taylor "tmagination and the Growth of -
Science"(24), - / e
~ But, of course, lmaglnatlon is not the only mark of a'human belng whlch is mani-
" fested by physicists. For example, tenacity and haid work are also required. In the
Project Physics course developed at Harvard University (25) there is an experimeht
which illustrates these, traits neatly. The student uses a set of unretouched sky-photo-
graphs to plot the orit of Mars. By doing this he begins dimly to appreciate the
magritude of the task that Kepler faced for so long (and without the advantages
of photography!). .
This is not the point at which to develop the idea of physlcs as a human activity
much further except-to say that students have much to gain by knowing something
of the very complex personality of a man like Newton (26), the}e\%centrlc charac-

ter of a man like Cavendish and the unusual background of a mian like Faraday.
An interesting modern example of the/ part played by personal relat gnshlps in an.
important scientific discovery involving physicists appears in Watson's book " The
Double Helix"(27). The somewhat violent reactions to ﬁLﬁ?sébook give ay indication
of the kind of pressures existing to preserve the picture of's¢ientists as cqld, imper-
sonal, rationalists rather than as peop]t posséssing the normal human virthes and
faults

3. Students need the op_portunity to see 'the requirement of a balance betwe
. the variouﬁomponents of physics 2

The ideal paradigm of physics” development involves the maintenance of somie \

sort of balance between theory, experiment and technical dévelopment of equip-
+ ment. It {s a simple matter by choosing different periods in the growth of pl}ysics
to show that, allowing one component to become over-emphasized at the expense. |
of the others, leads to a lop-sided growth whi¢h may even cause the whole process
to wither arid die, at least temporarily. This point may well be illustrated by
looking at Babylenian astronomy where sterility eventually set in because of the
lack of interest in developing any theory to interpret their very fine collection of
data resulting from & patient collecting and recording of observatiors over many
centuries. In the case of Greek science, though experimental work was by no means
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entirely absént, it was the over-emphasisupon theory at the expense of relevant
observations that effectively brought development to an end.

The dependence of the development of physics upon the availability of equipment
s easily llustrated at almost any stage of its growth. A particularly striking example,

. however, is the development of whole important lines of physics as a result of the

ot _ confluence of methods of securing good vacua and high potentials in the nineteenth

century. And yet not too muech must be made of the dependence on equipment. As
H. Butterfield points out, many sensational steps were taken in science in periods
when the instruments that we might feel to be absolutely esseritial, were not in
fact avallable. He quotes the example of the Copemican revolution coming in

A advance of the telescope, Harvey's discovery of the circulation of the blood before,

the Microscope and Galileo's work on kinematics coming before the préduction of
accurate timing devjces. He writess . . ' T
~"... change is bifpught about, not by new observations or additional evidence fn
- the figst instance, put by transpositions that were taking place inside the minds '
of the scientists th selves%%), : : - ‘

4. Students need to be aware of the impotence of asking-the right question

" In Project Physics students are treated to a few of the adventures of that marvellous -
J. Hart cartoon character B.C. In one cartoon in Unit 3 "The Triumph o
Mechanics”, B.C. is asked.the question, o
/ "Why are you dragging that chain around?” ) ’
'« To which he provides the sensible answer, S
"Did you ever try pushing one?"(29) - . o =
So many of our initial courses are organised in terms of asking students to solve pro="
blems, both theoretical and practical to'which there is already a single established
_ answer, conveniently provided for them either in an appendix at the back of the
book or in a book of constants in the laboratory preparation room, that it is neces~
sary to make a conscfous effort to show that in.the development of physies, it is~ '
asking the right question and framing it in the right way, rather than finding the -
right answer, that has been the ¢rucial factor. And, of course, asking such a b
question is often much more difficult than finding an. answer. o
. . Examples illustrating this point are aburidant both from ancfent and modern times-
“in the history of physics. Certainly the problem of the motion of the planets in their
~ orbits is one of these cases.. We can contrast the explanations &ven by'Kepler and _
- _Newton. Kepler explajnes the tingential motion of a planet along its orbit in
~terms of the drag which magneti¢'linés of force emagating from the rotating sun -
was su}p%gased to exert on the planet as they. swept over it. (He explained the radial
motion by a quite separate magnetic force between thr sun acting as a spherical
» _magnet with one pole at the centre and the other distributed over its sutface and
“““the planet itself magnetised like a bay magnet with a fixed axis (30).) Newton,
however, was ahle to formulate,a mdch more satisfactory answer essentially because
he asked himseff the right question. Instead of asking "what pushes the planet along
1ts orbit?”; he asked "what stops the planet moving in a straight line?"” '
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5. Students need to realise"the/important part played by models in physics

. It has been said the {d€3 df a model is the miost important notfon that a scientist
) “needs to grasp(8l1). It i3, however, by no means asimple idea to bring home to
,' ‘students.in termsg of the models now being used in contemporary physics research -
“quarks, dions, partons, stratons and the like. Once more, the history of physics
enaples us to develop important philosophical idea. ' o
' The property of a modWi§peing useful rather-than "tight” is illustrated by a cartoon ‘
b in Unit §"Models of the Atom" of Project Physics. }Ir; this cartoon a somewhat com- >
placent artisan is shiiwn holding a physical-three dimensional model of an atom
of welded metal hoops. He is standing next to.a rather apprehensive biit clearly

~  erudite physics lecturer whp hEs just finished writing Schrodinger’s equation for

three dimensions on the blgciboard, JThe question beneath the cartdori asks:
. i "Images of the atom. Whick {s mbre useful? Which one {5 the atom really
h- . Hkes” - ty ? . e . o
a The process of trying to visualise an incompletely understood physical phenomenon -
in terms of familiar objects and ideas is a commion one and s almost {ndfspensable
" to progress in the theoreticgl treatment of physical phenomena. Indeed, one might
justifiably claim that the development of physics has been, in essence, a process of
representing the physical world dt each stage of jour understanding by a temporary
" model which incorpqrates certain fundamental fdeas and which lends itself to the

-

application of simple quantitative rules of behaviour. It is by the definition in a o
mathematically tractable form of those features thought to be essential in a pheno-
_ menon, which allows the correspondence with experimental results to be criti¢aily
. tested. Significant anomalies revealed in this way mean that, the- model has to be
" suitably modified, and in'this way the physicist's view.of nature has gradually =
. developed. n excellent exarple of this process has occurred in the evolution of
. " . . 'idéxs concerning the structure of the atom. If we cons{der. the chafn: Daltori atom
i / model-» Thomson's plum pndding atom model-»Rutherford’s planetary atom model>»
Bohr's. atom model — quantum- mechanical atom mode], it is immediately apparent ,,
that each fresh model resufted frgm a' cructal ‘anomaly thrown up by experiments’
used to test the reigning model. On each occasion the ney model had to explair
all that its predecessor had explained and in addition it had to account for the
*  anomaly. . oo : e o~
* Studerits need to appreciate that the relationship between a model and the thing
. - of.process it is being used to describe tnvolves positive, negdtive and neutral ana- .
logies. It is a great disappointment for mé when after having accompanigd a student
through ‘a three or four year physics course, he sidles up to me and in a conspira~
torial whisper asks: "Is light really a wave or really. a.c'or,puscle?"

.

6. Stu&ents need to learn that there s no-suth thing as the éc;entiﬁc method

We, should try to eradicate the myth that there is a single unalterable method
applicable to all situations, at all times, in all branches of sciende.

* Scientific methods are best seen by looking at the way actual scientists made,/" )
actual distoveries. Conant writes: . : ;

~
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. “ "The stumbling way in which even the ablest of the early scientists had to fight
through the thickets of erroneous observations, misleading generalizations, inade-
quate formulations, and unconscious prejudice is the story which it seems to me
needs telling. It {s not in courses in physics or chemistry or bielogy or any others
of the natural sciences as far as 1 am’aware. Take up any textbook of any of
these subjects and see how very simple it all seems as far as method is concemed
and how very complicated the body of facts and principles soon ‘becomes”(32). .

The misunderstanding concerning the existence of a single unique method of

science arises at least in part from the way in which research papers are written.: N
. Medawar in 1963 gave a broadcast, talk ent})red “Is the Sclentiflc Paper a

qudr'(aa) At one point he says:

" "As to what I mean by asking ‘is the scientific paper a fraud?’ - 1 do not of

» course mean 'does the scientific paper misrepresent facts?', and 1'do not mean
that the interpretations you find in a scientific paper are wrong or deliberately

.~ misleading. I mean the scientific paper may be a ffaud because it misrepresents

. the processes of thought that accompanied or gav€ rise to the work that {5 des-
o cribed in the- paper. That is the question, and I will say right away that my
0 answer is 'yes'. El‘he scientific paper in its orthodox form does s embody a totally
mistaken conception, even a travesty, of the nature-of scientific thought. ™
R. Taton in his marvellously entertaining book "RBason and Chance in Scientific
§ e Dmcovery"(33)shows,quite clearly the role of intuition, error, unconscious activities,
"+, chance and accidental observations in scientific discoveries. Such a book would
sur 1{ make any physicist echo Professor Eric Roger's words: .
o most of us who afe practicing scientists there is no,unique "scientific method"
. such as the idealized scheme set forth by Sir F. Bacon’ and still advocated ’
by some philosophers. However, 'there are scientific methods - the ways in which:
. + . we gather knowledge and build creasing-sense of its yalidity”(34).

o~ - There are certain aspects of these nrethods which should be emphasized in our courses

N - M. Boldrini“in his book “Scientific Truth and Statistical Method" comments on

’ how Galileo tells the stor} of how the Babylonians cooked eggs by ‘ centrifugal’

action in swinging them rapidly round in a sling, Galileo Says that if in repeating
an experiment we cannot get a result that someone else has got, then it must be
because we are lacking something that was the cause of the original successful
result, Now, he goes ond we do not'lack eggs, or slings, or strong men to swing

r them round or air fof frictioh and yet they do not cook. The only thing we lack is

* being Babylonians, so that being Babylonians is-the cause of the ‘cooking. and
*not the. friction of the air.’
y This is a doubly historical story and it is a story that brings home an important truth
' for students - a single negatlve result is sufficient to belie a hypothesis while thou=
»  sands of positive results are not sufficient to demonstratg¢ its truth.
Another feature of scientific methods that needs to be made, explicitly to students
' is the danger (and it is a very seductive one) of extrapolation, The Babylonians
did extrapolate most successfully in their astronomy. But it was successful only be-
cause of the simplified thotions that they were dealing with and the same méthods
did not work at all well when {t came to forecasting locust plagues and so on. But
the” Babylonians bequeathed the tendency to extrapelate to their successors and
the desire to extrapolatexas far as possible is a very hun.on tendency. If our students
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. look at what Boyle or Ohm actually did, they might be less inclined to believe that
Boyle’s law or Ohm’s law are universally applicable in all circumstances. N
The whole of our courses should be gently leading to the gradu,aql realisation by .
students (perhaps unconsciously) that physicaltfieory is neithier a kind of deductive
. system (deduction proving that something must be the case) fior a kind of inductive .
proces{'(induction sHowing what actually is operative) but rather an abductive pro-
- cess which merely suggests that some,thlng may be-the case ‘

L e

.1 Students should be made aware of certain Persisting themes in physics

. . ‘

LAY

It. may come as a surprise to students when they realise that, there are certain a
pridri-commitments which in some cases at least have persisted from early times -7
in the development of physics, (35) ’
Examples of stich themegs include symmetry, simplicity, the constancy of nature
and conservation principles. We only have to think of the part played by consdfva-
tion principles in the hypothesis of the neutrino to show how such themes are built
~ into the way in which physicists approach nature.
Consider briefly, just one of these themes - synfmetry. It has played an important
part in the developm'ent of physics in eveiy era frorrk Greek astronomy to fundamen-
tal particle physics. Some of the fdeas of symmetry are so deep rooted that we may
- apply them without explicit recognition. There ‘tg, however, -@angers that need to
be. avoided in applying principles of symmetry even when the application is a "]
deliberate one. We must ensure that we are applying“the right kind of symmetry. :
One might perhaps illustrate this point for students by gently suggesting the use of
symmetry cdnsiderations in the following two problems: 3
(1) A young man has two girl friends who lived in dlamglrlcally opposite direc-
B tions from his house. He was fortunate in being served by a busroute which passed
in front of his home and both girl friends’ homes. Buses went in each. difection with
the same regularity - one bus fn each direction every ten minutes. Now he wds
equally fond of the two girls and so he decided to leave home at completely ran~-
dom times and catch the first bus that came along. Since the situation seemed
““symmetrical”, he -arguéd, his plan would ensure that he saw each of them the
same number of times over a sufficiently long period. After following his plan, faith-
fully daily &ver a year, however, he-found that he Wad seen one girl about four:
times: as»oftén as the other. What was wrong with the * symmetry" argument behind
his planiy ~ ﬂ‘ # - 7
(if) In a recent letter to the London newspaper. Thé Times, it was argued that
“since there wasa kind of symmetry between dates and days of the week taken over
a long enough p&riod of time, then it was quite® impossible that the 13th day of a -
month shoyld dccur more often on 4 given day of the week than on any other day
w of the week. Yet in fact the 13th occurs more often on a Friday than.on any otger *

* day of the week! What is wropg with this "symmetry” argument?
In fact, in each case the kind of symmetry argument applied has a flaw in it,

('I’The author of this paper would be pleased to supply solutions to these problems
IEE on request!) .
’ ' r) 27
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8. Concluxion o .o

‘There are, of course.m'any other desrrable attsibutes, aptitudes and attl‘tudes which
need to be developed during. out physics tourses and,which would perhaps be realised
in terms of the use:df the history and philosophy of physics. Space-time, however, .
does not allow furthier development in this paper. Nevertheless, it is possible. to end
on an optimistic note in view of some of fthe excellent new physics coursés that aré .
now available. In this regard special mention must be made of PROJECT PHYSICGS.
This course s to be thoroughly recommentied in eyery way, but in particular. as
far ‘as thé author is concerned, because ita accomplishes so much of what we have
been di;scussing in this -paper. (36)
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Additional Notes

be found ins Ted Bastin (ed), Quantum TB
. Cambridge University Press (1971). _ .
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o *  of this paper of Medawar's are avilable on request from the author of this~
paper. Attention may also be dr’awn to two very interesting books written by
o Medawar: ‘ :

and Beyond. Cambridge:

P.B. Medawar, The Art of the Soluble. London} Methuen (1967). : '
- P.B. Medawar, Induction and Intuition in Scienyific Thought. Methuen (1969).~
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Disc'ussic(\n - _ ' - -

o Mr. BAURMANN asked for clarification on the meaning of the terms ™ positive" o ’
"7~ - and "negative analogies” which fiad been.usedin the paper. :
Mr,* EBISON replied that the term "analogy" is here used to describe certain )
properties of a model. - - o
Positive“analogies refen to those qualities that the model possesies in whtch itis
“like the thing or process for which the model is being used. ,N’egative analogfes
refer to those qualities in which the model fs ufilike the thing or process for which

~she model is being used. Negative analogies must always exist, of course, because .

Cif all connections betwéen the model and the.thing or process it describéd were:

" positive, the model simply be another. exact examplegof the thing or process,
A third kind of analogy is the neutral-analogy which refers'to a quality of the
model where it is not yet known whether the analogy is positive or negative
It is in this area that scientific reSearch s so often accomplished. ,
Mr. BAURMANN replied- that-he would prefer to express the connections between :
the thing and its model by some degree ot_',é;gjlarity ‘though this is not easy to o

. manage either, . -
Mr, MILLER pointed to the human aspects of sctentific research. . *
The pliflosophy of'science and the personal attitudes of scientists ought to be made ,
“clear to the minds of students ¥ '
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,.'! et :
y ) It appears to me that our acqmintance with the field curriculum theory will run
. ' through three stages if we approach it from the outside, In the first stage, where we s i
~ -+, . GR0only get a superficidl first fmpression, we will be struek by the great activity

* -+ which can'be seen at the present moment, by the last decade's yigorous theorizing,
and by the many bold attempts 2nbrlnging rational clarity to 3 complicated
matter, "
In the second stage we become acquainted with the tasks and problems which in -
sofne way or other form the basis of the theoretical advances. We get to know a -
_good many curriculum projects which have been developed since the middle of the
‘ 1950's in the United States and Europe; indeed, all over the world, Projects, where
= the afm has been to renew the' content of instruction and the teaching methods: in
s mathematics, in the natural sciences, in the socfal studies, in languages, and in
fields which cut across the tradﬁtional subjectboundaries. We also get acquainted
with the curricular tasks and problems which have arisen in quite a few European
countries due to changes in the structures of the school systems. 1n countries where
-the traditfon fs tenacious and stubborn and the call for reform impatient, these
- problemis can assume enormens dimensions. Confmnted with all thése very real
curriculum problems our first enthusiasm for'the somewhat free pliy with theoretical
models decreases, Besides, we become aware that the originality of most of the ’
models is not nearly as great as it appears at a first glance.. The many apparently
bold attempts at bringing rational ¢larity to the curriculum questions are unmasked
as pale imitations of one and the same model in curriculum theory. Which model?
The-model i$ not normally fdentified with a name by its standard bearers, because
"1t is regarded. as the model, 1 prefer to call it the means-ends model,
This model rests on the assumption that the pedagogical activity is first of all a
goal-oriented activity. In any educational context one fs first concemed with
. deciding’the aims of the Bbjectives. and then with choosing the relevant means to
.achieve the gbjectives. -A typlcal variant of this model has - within the English-
speaking tradition - been partfcularly well known for the last twenty yeats: “the -
Tyler rationale”, ,
. With the knowledge we have gained in the second stage, we try in the third and
Tast stage to get to the bottom of the curriculum questions. We concentrate once
again on the last decade’s theorizing, But we do lister not only to the powerful .
choir: “First you have to state the objectives”, but also to cléar single voices:!
"Friends, a a cautionary note"(1). -
\ Besides, we enlarge the time-span. To limit ourselves to the years of the last few

contributfons does not give the. right perspective. We should at least be informed ¢
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abquf whit hag-takeh place in this century. Our field of orfentation s also.énlarged
" in arjother way. We follow the development within curriculum theory4n two diffe- -
»»... Tent ‘countries, We choose the United States and Germany. As regards practical and |
"~ theoretical reform efforts in the edycational fleld; ‘both countries have had a leading
~ position for the last few generatiods. .During this somewhat more intimate acquajn=" .+ . -
‘tance with curiculurn theories, we come up against quite a. different viewof which . '~
, curriculum pheno.r:ne_na' are central and eséential. We discover that in different quar-
. ters there fiave been considerable objections not only against single elements_in the
. .- meanstends modél’.-but also against the model as such. It must be-admitted that , -~ -,
-3 very often the alternatives to the- means-ends model have not been go clearly-formu- - -
- .-lated/as the criticism direoted against it. But therg are alternatives. T
"y The/alternative views take as ther starting point the fact that any educatfonal situa- .
- - Mfon contalns two basic ‘elements: the pupil and the content of instruction, The cen-
_“tral tagk in any form of curticulum planning fs-thought to consist in establishing the S
right interaction between the pupil and this contént, One may be {n doubt about
what fo call this model. 4n American writer has suggested “educational encoun~ .
» ter"(2) and in Germany the term "Begegnung” fs currgnt in connection with curri-
culum and teaching, (3) Provided that the existentialist undertone duves not become
: too strong, I cannot find any.better hame for the phenomenon of which we are . .
r, speaking here than. "educational encounter”. I therefore choose to cal} this model )

-
s

- .

the encounter model. * ST , 1 -
This gradual acquaintance with curriculum theories has led us toward two-miodels,—— 7.
- In this lecture I will give a closer description of these two models, First, I will try

o give a pictite of their development in the twentieth century, Secondly, I will * *

which are the models that consciously of unconsciously underlie the development of
i new curriculum pro'jects.[ Time and.space force me to concentrate on projects with-
o in the natural sciences, ’
. . I3

g2, The means-ends model "ah;i the encounter model. An historical survéy
) e ~ . N .

" Th the United States cusriculum theory grew up as a spectalized field in the
. -1920's, (4] A central figure in this movement was Franklin Bobbitt of the University 1 o
of Chicago. According. to his view it was not difficult‘to construct a curriculum:
"The central theory is simple. Human life, however varfed, "consisfs in itsper-
“formance of specific activities. Education that prepares for life is gne that prepares
definitely and adequately for"these specific acti(rities. However numerous and
diverse they may be for any social class, they can'be discovered. This rAquires
that one -go-out into-the world of affairs and discover the particulars of frhich these
affaireconsist. These will show the abilities, .l}ﬁbitS. appreciations, ftR forms of
Jknowledge that men need. These will be the objectives of the curriculuny, They
will be numerous, definite, and particularizegi{ "(5)
Bobhitt compared the curriculum maker with/a "great engineer”. He starts'off with
3 survey of man's life, specifies the differe activities, then identifies the corres—
- ponding skills, divides the skills into units, Gfganizes these units into learning
experiences, and finally arranges the experiefices for the pupils. Bobbitt is parti-
Gularly preoccupied with the question o1 how teducational objectives” are to be

R concentrate on some characteristic’ features in both models, - Furthermore, I willagk .- -
\
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formulated. In other works from the same ‘period we also find the same belief in
. " the importance of formulating objectives clearly and specifically. - .
By the early 1930's, however, this movement had become a victim of its own .
~ techniques. In this schools the teachers got tired of all the highly specified objec-
" tives which they were unable to manage. In additign, both'a new view of the child
_ - tegarding it not as a complex machine, but asa growing organism - and a new. _
' - view of the school actjvities - regarding them not as means fo remote future ends, -
but of-value and importance in themselves~ had been established. John Dewey is
a typical representatfve of this new view. To him the means-ends dimension is not
fundamental in educational activity. It plays'a secondary role. The prifnary thing
is-the activity. Ends arise and function within action: oL
~"They are not, as current theories too often imply, things lying beyond activity -
at which the latter is directed. They are not strictly speaking ends or termini -
of action at all. They are terminals of deliberation, and so turning points - -
T ‘in activity”.(9) : o - : ' o
..., Tohave an end or an aim i; a characteristi¢ feature of present activity. It helps
" "the activity to become unified and adjusted, when<otherwise it would be blind and
disorderty. This gives the activity meaning where it otherwise would be mechanfcal.
" Ends are means in the present activity. To be too preoccupied with future aims leads
he attention away ffom our resources in the present.situation. .
. . {After the Second World War the picture changes once more. Agaih rational curri- -
\eulum construction becomes a popular activity. R. W. Typer and V. Henrick carried ' .
- on the work of Bobbitt. Tyler, as we know, built his curriculum rationale - "Basic
‘ . Principles of Curriculum and Instruction”, 1950 - around four major questions:
| . *1. What educational purpose should the school seek to attain?
| 2. What educational experiences can be provided that are likely to attain
i ' these purpdses? ° N . P

. 8. How can these educational experiences be effectively organized?
4. How can we determine whether these purposes are being attained?"(% . -
The questfons fall, as we see, wholly into the means-ends dimension. It is first a
- * question of deciding purposes, stating objectives. Secondly of selecting and
organizing the experiences necessary to attain these purposes. And finally of evalua~ . .
ting in relation 3o the starting point. R. W.Tyler's rationale for curriculum develop~
ment can progerly be said to be the prototype of the means-ends model, ‘And it is
 this modelAhich in thé United States has dominated the curriculum field for the '
“last twen#fr years. In a survey from 1969 J. 1. Goodlad maintains that * ... as far
as th&\major questipns to be answered in developing a curriculum are concerned, .
- mosték the authors’in /the/ 1960 artd 1969 /curriculum issues of the.Reviéw of
o " Educational Researchy assume those set forth in 1950 by R.W. Tyler.” (8)
The great support for Tyler's rationale has undoubtedly sevetal.causes. The model
was well suiled for the decade which produced teaching machines and programmed
" {nstruction. It was suitatie for a decalle which so eagerly wanted to give general
importance to the demand for precise teaching aims, preferably expressed in be~
havioural terms, and which formalized the procedure of finding and deducing aims
. and objectives. Tyler himiself let educational objective have a dominating posi-
tion in his schemne. Educational objectives are, he says, “criteria by which
materials are selected, content is outlined, instructional procedures are developed

n

{

o . . N

34 . .o

#

wie T - .3

Aruntoxt provided by exic [ .




and tests and examinations are prepared”. (9) An intense preoccupation with educa-

" tional aims and objectives on different levels and within different domains, such as
we find fn the work of B. S. Bloom and his associates for instance(10), is therefore
quite in accordance with the intention in Tyler's ratfonale - and with any means-
ends model for curriculum development. S :
®is characteristic that the criticism:which at the end of the 1960°s was levelled

© . against this dominant mode of ‘thought within curriculum development is first of all

. concerried with the question of rational aims and objectives. (11) Are gducational
objectives, in behavioural terms, -a help or a hindrance? When teachers start plan-
_ning.currlculum guides, do they really start with over-all educational aims, then .

- pass‘on to specifying school objectives, and then finally end up with identifying -
behavioural objectives for specific subject-matter? Is such a formalized procedure
applied in the successful curriculum reform profects which were planged and started

in this period? Or {s this an approach which may be possible in a theoretical con- ]

pection, buthardly probable in the world of reality? As late as 1969 one of the most . - -
zealous spokesmen for educational objectives in behavkoural terms had to admit that

Tyler's "excellent monograph” fiom 1950, "failed to have any dramatic effect on the

educational community" and that Bloom's taxonomy of educational objectives from

1956, had sale$ figures "surprisingly modest" in the first years after-it had been

published. (12) We perceive a certain dissatisfaction even in J.1..Ggodlad's survey

mentioned above: "General theory and conceptyalization in currictilum appear to

have advanced very little during the last decade. "(13) And H. M. Kliebard who

belongs to the critical wing finds that “the twentieth anniversary of the publication :

of the Tyler rationale is an appropriate time to reexamine and reevaliiate some of {

its central featuras”. According to his view, the Tyler epoch of curriculum inquiry

{s “long overdue?; (14) D L

But what {s the alternative? It must be admitted that up to the present time no

corresporidingly clear alternative l'%been formed.. The recent array of criticism

~

regarding the limitations of behavilgral objectives and the evaluation practices

related to such a concept, and a ceMain critical attitude toward Tyler's curriculum

model in general, has, however”1aid the fouridation for a new approach in curri-

culym theory. Against this background the contours of an alternative to the means- )

ends model gradually seem to emerge.

This is first of all seen in quite a few authors whogo back to J. Dewey's cohtention:

the primary thing is the activity. H.M.KMebard, for instance, writes-that this will |
: ean "that the starting point for a model of curriculum and instructfon is not the

statement of objectives but the activity {1éaming experience), and whatever objec-

tives do appear will arise within that activity as a way of adding a new dimension "'

to it. "(15) J. B. Macdonald argues in a similar way. Our objectives are only known

to us in any complete sense.after the completion of our act of instruction. Educa- ,

tional objectives functivn as "heuristic devices. " They initiate the first teaching

sequences, but are changed in the flow of instruction. "In the final analysis, it

- could be argued, the teacher in activity asks a fundamentally different question

from "What am I trying to accomplish?”. The teacher asks, "What am I going to

do?" and out of the doing comes accomplishment. "(16) If we say that the means-

ends model stresses the "endings”, then the alternative model focuses on the ¢

"beginnings". Instead of focussing on the result of performance our attention is

‘?.




directed toward the starting conditions: are they such that the pupil will become
cngageq in what {5 worth becoming engaged in(17)
* The contours of the-alternative model appear, -secandly, in that characteristic
traits about these starting conditions are brought to light. Quite a few writers have
dwelt upon these conditions in recent years. (18) Here we will follow the mode of
thought expressed by two of them. According to D, Huebner the current toncgp~
_tions of curriculum are inadequate. This inadequacy. stems from an overdependence
< upon a ¢onception of value as goals or objectives, and a consequent over-depen=~
dence upon learning. This inadequacy, Huebner argues, ¢an be partially corrected
by a conception of curriculum as the design of an edicative environment’in which
v valued educational activity can occur. The alternative, then, stresses "educa-
i+~ tlonal activity" as the ce d most signtﬁcAnt part of curriculum, and heavily
which this activity occurs, The inter-
main factors takes place. “Hilebner suggests, mainly through *
ah encounter, and the encounter with awesome world of the non=
The task of the.curriculum specialist is one of desigrling an educative \

at efviropment which structures educational- éctivity means to select
rom the whole. wide. wonderful world and to make it available for the

- educational activity. 'I'his includes man-made cbfects,? aspects of the natural
wotld grouped or organized in certain ways, symbol orilanguage systems; and
“usages or social conventions. In fact, educatfonal content -becomes a selection

of man's culture, thus creating a Iimited cylture for the’ student. But to keep the

fmage clear, it'is necessary to use culture the way Tillich uses it. He reminds

those who have been overconditioned by tlié behavioral scientist that the bio-
logist uses it differently: "Culture, cultura is that which takes care of something,
keeps it alive, and makes it grow". The curriculum designer fabricates an educa-
tional environment which takes care of students, keeps them alive, and makes

them grow. "(19) .

E. W. Eisner approaches the new model for curricunlum theory through a penetrating
criticism of the normal usage of educational”objectives. Efsner distinguishes between )
"{nstructional objectives" and "expressivc objectives”. Instructional objectives are
used in what he calls "a predictive model” of curriculum developmient. It {s a model
in which objectives are:formulated and avtivities selected which are predicted to be

* useful in enabling children to-attain the specific behaviour embodied in the objec~
tives. In our terminology, a means-ends’madel. Expressive objectives differ con-
siderably from instriictional objectives.. An expressive objective does not specify the
behaviour the student is to acquire after having engaged in the learning activities.
It does not state “endings”, it states instead “beginnings” - to use some of our.
earlier formulations. Eisner puts it this way:

. "An expressive objective describes an educational encounter. It identifies a

. situation in which children are to work, a problem with which they are to cope,
a task in which they are to engage; but it does not specify what from that encoun-

‘ ter situation, problem, or task they are to learn. An expreisive objective provides

~+ . *  both the teacher and the student with an invitation to explore, defer, or focus on
iss@ that are of peculiar interest or import to the ingyirer. :
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. An e)qaresstve objective is evocative rather than prescriptive. " :
"In the expressive context the teacher hopes to provide a situahon in which.
. meanings béconfe personalized and in which children produce products, both
.. ' theoretical and.qualitative, that are as diverse as thémselves, Consequently the
- evaluative-task-in this situation is not one of applying a common standard to the
" products ptoduced {n arder to reveal its uniqueness and significance, "(20)

Efsner emphasizes that these two types of objectives - instructional and expressive -
“require different kinds of ‘curriculum 4ctivities and evaluation procedures, and.gach ™ -
- oneof them’must occupy a distinctive place.in curriculum theory and development,

But only ixf the former case does.hé name-the corresponding curriculum model (the
predictive model), It is possiblesthat this 3 due to a certain shift in Eisner's line of
. thought when he describes the latter, He starts to describe "an educational en- '
. . ¢tounter” when there are two factors: "children" dn the one hand, and "work",
“problem™, and "task" on the othef. But he ends up with a somewhat one+sided . - *
emphasis on the activity of the children. . - < o !

- The German reform movement in education took a somewhat different course than
the corresponding movement in the United States. By the efid of the 1920s the
German movement was already in fts final phase - a' phase marked by searching

~ reflection and self-criticism. The one-sided fadical points of view from fhe time
-around the-turn of the century and after were toned down. Simultaneously the -
positive contributfons of the reform movement, above all a greater understanding
—— -~ of the child, were defended and strengthened. As regards curriculum theory this -
A self-criticism meant a break-away from both the technological means-ends model -
.and the glorificatiofl of the spontaneous activity of the pupil. T.Litt's monograph
“Ftihren oder Vs’lachsenlassen" from 1927 is in this connection central and characteris-
tic, - v : '
. . Litt argues that in our ceniury a technological way of thinking and acting’s first
:";‘; - deciding the aims and ther choosing the relevant means - has become so prevalent
o &a*gthaf this interpretation {s close at hand: that all buman activity must be understood
~ according to this 'scheme. But this technological way of thinking forgets that this
: 2 mode of thought, taken frora man’s dealings with dead things, cannot in # straight-
' forward manner be transferred to thos€ situations where we have to do with inter- _
““action between living human beings. True enough, certain subordinate and limited ,°
. funcf{on's%éan be understood according to a means-ends scheme. But the central and -
3 essential thin'gs, in the education4l process constitute such a complex whole that a
technological interpretation simply is not adequate. (21)
But a reasoning #long lines that concentrate on the spontaneous activity of the pupil,
on his natural interests, on his ndtyral development, does not give.us a full answer
either. Education implies something mote than maturation and development from

o within. The spontaneous actfvity does not give content and direction. Any genuine
o educational process springs from a polarity between the pupil = the leamning subject- .

and the arranged aspects of the world outside the pupil - the object. Educational
activity is therefore to be understood as activity that provides contact between the
pupil ‘and world around him. Activity that brings about emcounter between two
equal factor?./( "Begegnuilg zweier gleichberechtigter Gewalten"). (22)
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This Jvlew was developed in more detait by E, Weniger and W, Fjjtner. After the
Second World War they continued this together with H. Roth, (237 According to Roth
the se¢ret of all education lies in providing a copstructive encounter between- '
children or youth on the one hand and a samplefof out cultyre on the other.

_“... das Geheimnis alles Unterrichtens liegt in der Herbeifthrung einer frucht-
baren Begegnung.zwischen Kind oder Jugendlichemyund einem ausgewthlten Aus-,
schnitt der geistig erkannten oder gestalteten Welt] dem Kulturgut. Was auch die’’
Lehrerperstnlichkeit dazu beitragen mag, sie hat #uf alle Fille mit zwei Faktoren

. zu techigen, -an-die sie sachlich gebunden ist: das f§t das Kind und das ist fl"
- Gegenstand. "24) .. L.

- 'In education there is always talk about two factors the ‘pupil and the object The
teacher's role consists in constructing an educational situation where these factors
.meet on equal terms. A situation where the pupfl is allowed to be a pupil wjth the
traits typical for his age. A situation where the object can keep its own character.

Orily then do we .'get a real educational encounter.("originale Begegnung"). (25)
E. Weniger characterizes encounter as the origifial phenomenon of the schoo ("das
erzieherische Urph#nomen der Schule”). ~
" "Wenn-wir von Bte}gegnung sprechen, so meinen wir damit erstens, dag bei diesen !
Vorglingen der Z8gling aktiv beteiligt ist, daB er nicht ein passives Etwas ist,
ein leeres Gefi8, in das die Erzieher die Lehrgegenstinde, die Stoffe der Bil-
dung.hineinfﬁllen. nicht ein unbeschriebenes Blatt, auf das die Erzieher ein-
schreiben, was sie fur notwendig halten, keine Tafel;- auf der etwas eingeritzt
wird. Erziehung ist kein einseitiges Tun der_Erzieher, kein blosser Aufnahme-
prozess durch den Ztgling, keine einfacheé Reproduktion -der Welt im Kind. ...
Ferner soll die&l‘ﬁ erminus etwas von dem einfangen, was man als die Eben-
burtigkeft der am Bildungsvorgang beteiligten Partner bezeichnen kénnte. Der .

Zsgling ist zwar ‘bei dem Vorgang als ‘mindergereifter der schwichere Teil, aber
er wird doch als voll genommen, man begegnet ihm auf einer gemeinsamen -«
Ebene. ... Endlich ist mit dem Wort Begegnung noch ein letztes Moment {m
Erziehungsvorgang getroffen, ... die Freiheit des Zoglings, abzulehnen oder .,
anzunehmen, was thm in det Begegnung entgegentritt, "(26)

This implies, first, an active participation on the part of the pupil in the 4nstruc-

“to be filled with subject-matter, or as a shieet of paper on which the teacher can ¢
i write. The térm "encounter” {mplies, secondly, an equality between the parties’

involved. True enough, the pupil is the wéaker and immature part. But in the

educational situation the world he is to meet - that s, the portion of history, the

actual social life, the culture and the nature - s designed in such a way that the

can master it. The term "encounter” points, thirdly, towards the freedom of the

pupil in the instructional situation. The pupil can'receive or he can refuse to re-

cewe ‘what he is meeting, or he can pass it by without being aware of any meetir.g. 1

What the pupil will be learning at school therefore cannot be decided in detail |

beforehand.

To.regard the educational phenomena from the point of view of encounter, and not' ‘

from point of view of means-ends, seems to have been the norm in Germany right |

up to the 1950's, It is characteristic that the well edited and highly up-to-date |
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"Pﬂdagoglwhes Lexikon" from 197 does not contatn any articles on educational
aims and objectives (Ziele), but only deals with encounter (Begegnung) VOE
In recent years the situation has changed radically. Concepts other than those
-which spsingfrom views on education as " Geisteswissenschaft” have pushed for-

- +ward with great force, As a consequence the means-ends model has been employed -
_ in-the theorizing abogit currfculum, and by some the model has been used as {fit _
were something branJ new. (28) .

3. Meani-ends veraus encounter ' o T s

-

7/
The precéding sketch l[as shown that the last 50 years’ discussions within the field-
of curriculum theory cdn be regarded as a match between two basic models: the
means-ends model and ‘$he ¢ encounter model. The sketch has alsé shown that the
- concepts and models uséd in an educational context to a large extent have been
dominated by misdes. of thought {nherent in that age. The educational phenomena
seem thus as ; mattet oficourse to fall into the means-ends scheme in those perfods
when the thiaking is strongly influenced by the cause-effect model of the natural
scientists » :d by the decision models of technicians and thie plan economists. The .
encounter model offers it§elf as the most reasonablé\madel {n periods when life,
experier. .e, and activity are regarded as something giore fundamental than just the
mere {d :as of life, ideas ef experience, and {deas 6f activity. In perfods when what
{s organically growing has:a stronger appeal than that which s technically designed .
and constructed, in perfods when the future seems uncertain while the constellatfons
of the present stand out as the only state of certainty.
Perhaps the most decisive diffetence ‘between the means-ends model and the en-
counter model s that whiie fif the formér the rational element dominates, the
:\f' empirical dominates in the latter. There can be no ' doubt that the means-ends:
w.. 70del is carried forward by the assumption that the complex phenomena within
< he curriculum fleld can be rationally managed. The deveiopment of programmed
t%;uction may {n no small measure be said to have had such effects. Here the |
ims,and objectives are clearly formulated4eforehand, here one can choose bet-
ween alternative means, here the programme can be sold as a whole with the label
"guaranteed leaming”. As long as it is about learning of simple skills and acqui-
_sitfon of limited information, the guarantee can be said to have a high degree of
* validity. The assumptfon that it is possible to achieve a ratfonal view of, and
control over the educational process should thus be confitmed.
The question is, however, whether this assumption can be confirmed when it comes
- Yo more complex curriculum profects and when learning stretches over a longer
period of time. If the means-ends model {s applied in these cases, a self-contra-
dictory element in the model clearly appears: the model {ncludes predictions about
. <4 the future. Afms and objectives are not rooted in the present They belong to the
' * future and as such they do not say anything about realities. Strictly. s@ing. they - .
only say something about hypothetical possiilities. ‘The further away ih time the
* v goal {s and the more complicated the situatfons are, the more clear becomes the
element of uncertainty which i<always tied up with the future. The paradoxic:l
- thing s, in other words, that thé curriculu odel which {s motivated by the
wish for rational educational plamning. ifself contains a clear irrational element.

~
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o - It is surprising that s0 many overlook this. Doés that mean that pne regards the ¢
educational phenomena, without being fully conscious on this point, as natural
-phenomena in a limited and ¢losed system where one can control all the variables
and where time does not play any decisive role? If this is the case, then the urge -
for rational clarity must have lost contact with experience. '
If we keep ourselyes,strictly fo the realities of the educational situation, the
encounter model lends itself almost naturally. Any ediicational situation has two *
poles, the pupil and the contrived edu¢ .tional environment. Any educational pro-
cess can.be regarded .as a dynamic proc .1, as a continuous {nteraction between
these poles. And the result-of any educa lonal programme is marked by both the
individuality of the pupil and the eleme s of the educational environment. The
pupil and the educational environment a. realities we are faced with here and.
. now. None of these lie in a dfstant and unkpown future. None of therh are abstrac-
© tions. They lie before us in very concrete forms.. We can nearly feel and touch .
them. On the one hand the pupil with all the tra{ts characteristic of his age, with
his individuality, with his Spontaneors activity, and with his engagement, Op the
other hand the contrived educationa’ environment. That is to say, aspects of our
natural world, of our history, of our “ocial life, of our culture and technique, of
. our common social forms; a carefvll’ .rranged selectin of man s knqw‘ledge and
g style’of life.
_This polarity - the pupil and the ¢ ..ational environment - can Ltghtly be called
the original phenomenon of the s. uool.
It -may seem that the teacher doe not fit in here at all. But the contrary is rather
the case. The essential task of 1e teacher - to be both the advorate of the pupil
A and the representative of mat nnwledge and style of life - is more strongly
€mphasiZed.
When what is empirically giver b ms the starting point, both.the predictable and
the unpredictable elements are t_xen care of. The encounter model thus describes
1n a clear and concrete way the beginning of the educational process, but it does
not dare to state the ending beforehand. The outcome of the educational situation
is not a fact until the process has finished. Until then the outcome s something
unpredictable. It must b. admitted that some followers of the encounter model
stress the situational and the ur predictable elements to such a degree that metheds
and goal directedness in the instructional situation, which the:model quite defini-
tely implies, is overlooked. Tnis has particularly béen the case in Germany. Here
. the term "Begegnung” of °n t:kes on an existentialistic meaning. The educational
process is then split up in.o a series of single situations, moét of them trivial, and
only a few containing worthwhile elements. (29) If such a'limited interpretation of
the term "encounter” is .sed - a starting point, 4t is hardly very useful in an
educational connection. The reason for this is that the solving of the many tasks
in school demands goa! rientsd and systemitic activity.” In the work of E:Weniger
and H. Roth the term "B. gegn 1g" has therefore a much wider meaning. (30) And
this fsundoubtedly also* ecase with the American writers mentioned earlier.
The encounter model | :ludes systematic and conscious activity because the point
of departure is not accic *ntal but arranged. This is seen very clearly, if we fix
our glance, not at the . nfl, but at the other pole of the educational situation:
the content and the en.i nm at. At all times the content and the environment
e
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have been more or te'!s. armnged 4n advance. This applies even in those cases ;
when the essential thing has been to take. care of the pupil's subjective feeling o
S of developing freely and Spontangously. I am thinkibg of Rousseau’s educational v
theory and some of the teaching Frogtammes which have been launched with the
. label “Learning by discovery”. (31) - ,
- The encounter modél includes a statement of aims - {f the term is taken to mean
-direction rather than a terminal point. The direction is decided by the starting .
conditions. The lessons in mathematics lead-the ‘pupils In-a different direction than
. - thedessons in fqreign laniguages; those in history in a different ditectior than those §
.7+ in the social sciences, ‘The body of knowledge which the.pupil acquires and the - | 7
. ~ way of thought to whiéh he is introduced, is above all deépéndent on what kind of
" educatiomal content he meets. The aim or objective is, in other words, a réf
of an‘interaction process between the pupil and the contrived educational situa~
“‘tion. It must be admitted that under circumstances such as these, the: goal will © 7 v
very often be verbanzed ‘in a rather loose fashjon, and the terms used - if seenin
isolation - ‘may se€m rather meaningless. One should not forget however, that
. R apparenﬂy ‘empty statements of goals may rest on very concrete and-firm empirical
" grounds: pupils of a certain age with approximately well defined capacity on the
one hand, -and educational content of some kind or other on the other hand. Gne -

duced from aims or objectives. The contrary is rather the case: theN\aims of objec~

\1 tives are inferred inductfVely. Thus they are only a reflection of a cowpliated
. “and concrete reality. Aims and objectives, theu. have a different function in the
. enceunter model than in the means-ends model, Much criticism has been produced /

because one could not make this distinction. (32) . .

\",, 4. New currléula in sclence - which model?
. .

It has been said of the new curricula in science, in mathematics, in social sciences,
;md in the ar{s that “these projects are important not only in their own right, but
arlso because they provide the necessary conditions for building the empirical foun-
d.;tlons of the field of curriculum”. (33) We will now turn to these projects and ask:
Which curriculum model do they use? Has the development of a new curriculum _

- . fo‘klowed the means~ends model, ha% the new curricilum been formed acconding

. to 'R Tyler’s rationale or according to B.S.Bloom's taxonaomy? Or has the develop-

- ment of a new curriculum - consciously or unconsciously - followed assumptions °

4 snmﬂar to those whilch we find in the encounter modi1?
On this occasion it is proper for me to limit myself to projects in natural sciences.
But Ailow me to mention just briefly M.Beberman's proJeciin matliematics first.
Not d\nly because it was a pioneer project, but because it jllustrates in an exceptio-
nally \clear way the problem with which we are dealing here. The project origina-
ted, as we know, because there was a common dissatisfaction with the state of

_ affairs: in this case with the teaching of mathematics t high school level. The
tiiembegs of the project were at the beginning much mare aware of what*kind of

®matherqatics teaching they did not want than what kin< of teaching they were
going ta:work out in the project. Gradhally, however, ' 'e new efforts got direc- , ,
tian, arrﬁ finally two main principles crystallized. To “-gin with they functioned
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“o « on a nonverbal level; but.-were then identified as 1) clear mathefnatical language - .~
L -and 2) learning by discovery. (34) These-two thain principles deal'as'we see with-+ > ™~

* §ubject-matter and pupil activity.’ . N
If 'we look at the science projects generally,. wewill fairly.soon'see that in most of -
‘the projects something similar is the’case. The projects have be¢n developed alofig
* +_ lines'tmplying that the pupils fn An attive arid.engaging way shguld be introdyced -
. - to theBody of knowledge and the scientific way of thought,(35) In most of the pro- -
- jects it.does not look as if one has staited with a list of behavigural objectives and - -
S then * by way of deducing -.has found fuitablé subject- matter/ afid suitable forms ~ ©
s of ictivity. There ate, however,-as far as I can see, two.notable exceptions. Fhe -
R first is "Sgierice - A Process.Approach” and the second is "IPN Curriculim . O
- Physik®, (36) T A s
b " Let us Wave a closer 6ok at the latter project. How has the projegt gropp befiind . - =
IPN Curriculum Physik worked? To.what extent has thg gioup succeeded in adheting . .
_ to the means-ends model which at a first glance seems, to eonstitute the projects, *
.. wayof attacK% Admittedly, quettions such as these are rather difficult for an out~-_ -
- : sider to answer, /A5 tegards this project, we are fortunate enough4o have fairly -~ - .
= éxtensive statemehts from the project group. ‘The referm work, one of the project-
: members says, ran‘through different stages, one planning stage ahd several trial _
. stages. The planning stage ended with the project groilp agreeirig on quite a few - . °
! general principles which the work was to follow (3 "Grupdsitze” and 16 "Leit. -
.~ sdtze"), These principles-concemed the selection of the subject-matter, teachihg - .
.-+ methods and evaluation, We notice that this initial iplanning stage, which lasted -
far well over a year, did not result in a list of specifiedbehavioural objectives. "
=+ . . Such specified behavioural abjectives did not form the'basis of the first trial of . -
instructional units in schools either. And this was dorie on purpose, because during R
» \' the first trial televant educational objectives were/{o be,discovered.’ ' -
"Zur ersten Erprobung (Vorerprobung) legen m,e'igt nur grob formulierte Pléne \
. .ver, die ein Grobziel und einige mbgliche Aktivititen - insbesondere Experi-. . « '
mente - enthalten, Es werden also wihrend/der Planungsarbeit. bewussf noch™ ’
keine-operationalisierten Ziele und,kei;:émbeitsbtsgen und sonstige, den Unter- .

-~

Sl

‘richt genauer fixierende Materialien erafbeitet. Die Hauptaufgabe dieser ersten _
Erprobung ist die Entdeckung relevanter Ziele im Unterricht. "(37) . -
1t is very characteristic that the specification of edugcational objectives in :
behavioural terms did not precede, bt followed the first trial stage,_'-and that this
specification was not applied in as£hool situatien before the second stage. Wseems
to me, then, that the excellent work done By the IPN group actually has followed-
a different. and in my opinion, a better procedure than their own curriculum theory o
_ would suggest. The IPN group has been content with stating very general ainis to” -
"begin.with. And pupil activity - 'particularly experiments - has also preceded a
" detailed listinggof behavioural objéctives. o :
‘The result of this reform work (IPN Curriculum Physik, Didaktische Anleitungen) |
_appears at a first glance to be moulded in a clear means—ends form. Even the single . .
* ‘fesson is outwardly built according to this schepne: 1) Educational objectives it
*behavioural terms, 2) Relevant toncepts. 3) A detailed description of the lesson:
experiments, demonstrations,” class discussion, group work, -etc. 4) As a clear,
invitation to evaluate the' ‘instruction in relation to the stated objectives the respits-

s
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are more ¥mportant than the specrﬁed objectives which"’are set up as a heading
for every lesson. ce _— o T
Conclusion ~ .
, ~ For the Jast twenty years. thﬁe?s béen no »lack of goo‘d suggestrons as % how o
' curricylum should be const on the basis -of the means*ends rmhodel. Much
effort, ‘time' and money have been invested in order to find, formul: te and L
specify educatjonal objectives, Frem many quarters it has been pomt/ed souif
. that this procedure does- hot seem to,yield the expecte& sutcess aseregards the |
actual work at school. Is.-there, then, 2 ething‘ wrong with thesteachers and
the schools? Many followers of the means-ends model are apparently, friclined to
~ maintain just that. The teaChers must pe rereducated, they must learn to think in. |
taxonomic terhs. ‘ . . e
'I’hings can, however, Zbe seen from a different point of view. The means- ends .

" model does- not give a/full prcture of the curriculumy phenomena. - Therefore diffi- -

" culties arise. My thesis is that the encounter model more often than not will be a ~ . .
~ better point of depar{ure if we-want to understand- and master curriculum problems s
g “~ % o~ a Y
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Discussion , . , -
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© Mr. BAEZ reports that he Was involved in the-curriculum reform activities of ?SSC

From his experience a lot of the innovated work was done by people, who had no
idea what the behavioural objectives were; these ideas began to develop in the- -
course of time. A pilot project of phylics teaching, howevgpr which UNESCO
initiated 'in’South America in 1963, actually used both the'language and the con-
cepts of behavioura] objectives and some behavioural specialists'were involved.

" Mr. DUIT asks for a more detailed discussion about the TP Physics material, The
, author-states that the objectives givenin the IPN curriculum materfal mainly are "
reflections of what is going on in the lesson. @@jectives are predominaritly
formulated theoretically. The so-called "Sfun'
a certain lesson) is-designed for the concreté activity; evidently it was not deduced
from the educational objectives. The author feels that this actually used method is
-better than the theoretical process of the IPN curriculum development.

"Mr, '].'HOMSEN discusses what kind of teacher's guide will be a help for introducing
a curriculum He reports from his first visit of the PSSC group. The teachers were
“very anxious about how far tirey Had got. Nobody thought of omitting a chapter

"~ because of unimportance. Seemingly the PSSC group learnt-in the meantime, when
.one looks through the teacher’s guides to the IPS project: they contribute to the'

 spirits of the course, and in addition, they give a help to the experiments. Hefeels

"that the IPN physics sometimes constraints by giving too detailed teacher’s guides,
which the teachers suppose to have to follow exactly. - .

~

4
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~ ' Acatalogue of aims proposéd by ven Hentlg and the ObJECtIveS P
. of physncs téachmg -

.

1. Reasons for talking about aims and objectives
_.My-main concern in this paper is with aims and objectives. At present there ares
very godd reasons to speak about this matter in thissge of ongoing reconstruction
of our school system, that may well be in phase it)h/'r new trend. of anti-
~ science.(l)
Ingtalking about aims and whys o of teaching physics one always has to keep in mind
whem oneﬂvants to convince. It {s rather, easy to convince an audience of physicists
that physics should be taught. It is more difficult to give reasons convincipg an .
~ enquiring educahionalist or educational plilosophér, though he may grant that it is
somehow necessary to learn some physics.
This is exactly my starting points 1 do not try to find reasons per se why to teach
physics. [ think it is rather unlikely that anybody may hit upon a reason unhéard
of so far. I discuss possible contributions of physics teaching within a given frame-
work of aims.
In talking about this matter I intend (1) to introduce into discussion lines®of thought
- and reasoning widespread in this country, and (2) to plead for a dialogue between _
two very different groups. the physicists on the one side, the educationalists ¢n the
. other.J As far as I can see, they'do not like each other very much. Physicists have
-t many]complaints about educationalists, who constantly arouse public interest by
" . suggestive-and dangerous ideas about the process of education and the organization
gz?‘ool systems. ‘We should grant that this is their business and should never for-
geb that they have similar complaints about scientists, ~ o
.. 'The dialogue I have tried to begin s not wholly a literary affair. Discussions of
< this sort took place in a $tudy of the Ministry of Education of Nordrhein-Westf len,
. that was concerned with framing guidelines for curricular- developments in con‘gpre-
\ “hensive schogls of this state. And there was a political decision that v. Hentig's
aims shquld be the starting of the guidelines. Thus my discussion centers ground
. . the key word of "contribution”. I think it is important to find out in.what fields.
physics teaching is able to contribute much, and where we are weak. N
Jthermore. we should stop discussing these questions solely within our own group,
the physicists. Prof. Karplus has published a very interesting book, a collection
of articles, entitled "Physics and Man"(2). One of the papers discusses reasons for
the turning of mind of the pub‘lic against scieq\ce (3) We cannot oppbse these,
" tendencies if we do not leafe aur ivory tower, listen to other points of view, adsimi-
late them and get qualified for 3 discussiotr wittin a- much more comprehénsive
~ group than physicists and even physics teacliers arg. This may. sufficé ro énlighten -
- the background of my paper, at least to some megsure. L ' , *
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' The fust pfys meant to link the discusston of aims and objectives to-the process

of implemeg#fation. My main point is the role of the teacher in iryrovation I think

it is-quite essential that the clasgsroom teacher is convinced®about the aims and 4
the philosophy of the new curriculum, and well-informed about the links betwesn —
this philosophy*and the objegtives. And to my mind this should not be done by i
subjecting him to a massive bombardment by statements. purpof@ly’ constructed by

the curriculum development staff. I feel a certain disparity betweerf constructing
nationwide curricula and securing a proper share of the teachers in shaping the

curriculum,

My tentative conclusion would be to reject all curricula that are too tight in struc-

ture, in sequencing, ,and objeetives. I would prefer curricula that display-opportuni-
ties for the teacher to make creative use of materials offered. ‘A% an example in -
the elementary level I should like to mention the English Science 5/13 Project,

~-Also the work.-of Dr. 'I’homsen as teported Iff this conference seems to me in line .

with my ideas. , .
Of course, one may raise the question of teacher qualifications Offering perfectly - -

-organized and scheduled curriculum hardware ang software maybring about better ¢

instruction in some respects, biit scarely will it improve the qualification of the - = % .

“teachers. This ¢an only be done by participating in. curriculum developrfient. What 4

girls and boys need, and have a right to be supplied with, is qualified teachers
and not "instructional personnel”.

/e . _ . v i
2. implementation and decision on aims ! T Co. :

‘ 'I'he last decade has seen a rising tide of curriculum develoPment and correspon- . “
-dingly many processes of installation in schools. ) ..

Many papers describe. the impleta¢htation process as'seen by the the Curriculum de.
velopment staff or by engaged teachers, But on the whol¢ we are lacking scientific

——‘-—_-—wswdies—ef.implemenfafiomprocesses that may-form! a basisof—afheor&mahcheme-w/:f

to guide further implementation processes as a therapeutic and diagnostit chice .
saving time and energy. One gets the impression thiTEvery team has to meet all *
the problems anew unguided by the experiences of other teams,

G. W. Bassett (4) has given a rather detailed comparison of the different strategres
of irinovation in the Unit&d States and in England; with the emphasis on central
agencies in the States, and the emphasis on the local group in England. His chap- E
ter "Factors Influencing Change” ‘lists- many important watiables-and makes some ... |

- crucial points concerning innovation.-One of the most vital remarks refers to the o

rofe’ of the clgss—xoom teacher, He-says: "Confronted with such-a cloud-of witnes~
ses, there 1s a dangor that the teacher will lose some confiderice in his own pro :
fessianal skill, and adopt uncritically-thé-varicis schéifies placed before himy” - - - —-
The mere following of educational fads {5 a travesty of any real expertise,
denial of professional freedom. It is important that this danger of a servile
on the, part of the teacher should acttvely combated ... One obvious way fo do this
is to secure the .participation of teachers in their own schools ... Didactif courses

“
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innovative steps presented by the production of these materials will be self-
defeatingl” (5)
There are other signs that the role of the teacher i3 recognized as a vital one in
the USA, too, e. g 'in a paper by R.J. Merrill and D. P, Butts (6) and Ivmay refer
also to the well-known attack of M. Atkin upon planning strategies that seems to
. be borrowe& from the industrial’ construetion techniques for materials with pre-
designed propcrties One of Merrill and Butts’ tenets seems to be in disagreement
with the pirit of Bassett’s remarks. They write: "Science teachers will and should »
become less autonomous that they typically are now in making decisions about what
to teach, when, and how!™(8) But this is only the consequence of a more careful
consideration of the network of decision~makitig processes which is implicit in
Bassettis approach, too. He has a useful chapter on "The Nature of Educational
Objectives” in which he discusses sources of conflict and embarrassment on the
part of the teacher ’by unduely mixing levels of objectives.

.

I3

« 1 may be alloyed to extend this line of reasoning toward a theory of leyels of ——

decision ~ making {n the innovative process. . °
What should be better understood is that teachers, and other people such as subject
matter orfented institutions. parents, political bodies and so forth,, play different
roles within the decision making process at different levels. Thus it seems to-me
tn be a perversion of the democratic doctrine to hold that thie individual €hild -
uld decide upon the aims of education or the content of the curriculum, just
it would be inappropriate for the individual teacher to think himself competent
to decide upon these matters. We should carefully analyse the different qualities
of participation in the decision making processes in different levels and types of
‘ objectivés. This {mplies a doctrine of the defining characteristi¢s of the teaching
profession besides other things.’ And it may be that Merrill and Butts hold some-
what diffetent definitions compared with Basseft's. But both stre$s the fact that the
) teacher is responsiblé mainly for adapting to the needs of the individual child and
- - decisions regarding the indiv{dual child. Bassett more than Mertill and Butts seems
_to be aware of the active rol& of the teacher in the development process, in partici-
pating in the goal seeking and decision making process, though he has developed no
explicit theory of these differ;ent roles in different levels and of the different quali-,
ties of participation of diverse groups. And this seems to me a/ desideratum of an
effective strategy of innovatign and implementation. Otherwise there is danger -
‘that implementation is seen within the categories of successful business and sales
politics. But implementation (s primarily not a problem of selling a good for con«
sumption, it is a problem of shaping the future of lots of pegple in a virtually
decisive way. Just as the development strategy of production with prescribed
_qualities is oversimplified, sqthe strategy of sales talk and /adyertisement is
mistaken.
Bassett discriminates betweenithe societal or philosophical level, followed by the
strategic or systems level, an{-ending with the tactical or/instructional level. (9)
He seems to me right in his observation that teachers are onfused by extensive
discussions of aims that are diffficult o relate to their daily business of class-room
teaching. But he underestimates in this opening chapter the importance of an -
effective participation of teadhers in this aims-seeking process. Teachers as any-
body else have a right to participate in shaping the goals that are essentially polf-.
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" But so shaping the goals is not a profesgjonal competence with teachers, it is thetr
competence ag citizens. Certainly the fjacher has something special to contribute
to the formation of aims; he may be in #/better position than other pegple to know
the "boundary conditions” in the language of the theoretical physicist. He has an
expert opiniort on the possibilities of realizing aims and he may possess more power
to interprete the .philosophical statements and the policy declarations of political
bodies in terms of realities. - o < ‘
Nevertheless. there &s some danger in this expertness insofar as it relies exclusively
upon so-called expesience; and there is some truth in the saying that twenty years’
experience: may be simply thnty years' mistakes repeated. Thus a more complex
pattern of interrelationships emerges, The competence of deciding upon aims
resides with the political bodies. But their wisdom is derived from other groups
with special competence in goal seeking in exploring. different alternatives.. in
fnvestigating the implications of different aims. And in this process teachers can
and should take an important part. '

3. Knowledge of objéctives as a variable in iinplementation

We know from ofher sources that knowledge of objectives is a variable in the imple-
mentation process. The Eastern Regional Institution for Education (ERIE), Syracuse,
has made available reports on the installation of process-oriented curricula in ¢
elementary schools. (10) Some of their observations ‘may be specific to the grade
: level of the program. But my experience with the realization of new directions.in
High Schools 1 could gather some years ago is in rather good agreement with most’
of their points.- | pick out the question of aims because it seems to me largely
neglected in the implementation process. . - :
The first thing you have to do in implementing a new program is to convince*
teachers that§ is needed. And that means you have to convince teachers of two
points, firstfthat their present teaching does not live up to certain geals, and
second. thyt these goals are worthwile. Also the gurriculum designer should take
the oppdrtunity to test the adequacy of his goals by carefully discussing them with
the teachers. One of the ERIE papers states: “These observations could reflect lack
of evaluation criteria, failure to examine and discuss disseminated goals or lack
of understanding of goals on the part of the teachers”. (11) _ "
And later on: " There.seems to be a tendency to accept loose, rather ambiguous
instructional goals with disfavour and to also react negatively to specific mea-
surable goals... There were, however, twice as many requests for more specific
qualitative goals..."(12). . !
One gets the impression that these teachers neither know t‘he broad aims sufficiently
‘well to be able to judge class room achievement intuitively in terms of these goals,
nor did they understand the relationship between quantitative measures with the goals.
o In both respects there is lack of competence in handling goals. But if we expect
- more than a short lived success we should have teachers that are well versed in the
philosophy of the curriculum. of its essential agreement with the needs of the era,
and with the relation between broad aims and specific aims to be realized in thei
class-room work. ' ‘ ' : \
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At present we observe the creation of a new philosophy every decade or even every
year. Each curriculum team tries its hand irrforming a new brand of goals: May be
. this i3 3 consequence of the sales talk tactics mentfonied abave. What we need is a
' substantial agreement about goals to be reached by schools and a rich supply of
different approaches to realize these goals. Also the goals should be well under-

. t

oo stood by the teachers. We have some partial agieements between different schools

-of educational thought, but to my mind there’is lack of substantial agreement,
‘This state of affairs may be responsible for the observable weakness of teachers
and schools to yield to educational fads. _ IR
Without conviction concerning basic {ssues there is no educational efficiency.
And to my mind one of the dangers of the present situation is exactly this lack of
~ conviétion qn the part of teachers. Thus one of the essential points in implemen-
tation is goal seeking and goal-formation, and supplying links between’broad aims
and special objectives and measures pertaining to the curriculum to be implementéd.

The basic task of implementing a.curriculum is the implementation of a philosophy -

and an -attitude on the, part of the teacher. Now, as Whitehéad once remarked,
" mathematics must be studied - philosophy should be discussed”(13). Mysputpose
is to contribute to this djscussion. First I shall give a catalogue of aims proposed
by v.Hentig'in an influential policy statement of the Deutsche Bildungsrat (14)
“and then-€nquire into its meaning in terrms of physics teaching.

: 4, V‘on Hentig's aims ~ s s
_ (\ Clonditions of living relevant for decisions on aims o l
V5 i -

Von Hentig's catalogue of aims is fgunded upon an analysis af the conditions of
living in the present day industrial societids. What are the quylifications essential
" for an individual to cope with these conditions? Von Hentig notes the following con-
ditions given here with slight changes of order and point of view. -
1.- We are living ‘{jithin a world of incfeasing pace of change(15).
2. We are living within a world of specialized competence. (16)
8. We are living in a world that {s more and more dominated by science and
technology. (17) ) . .
4, We live in a world in which vocations need theory and pgactical 4bilities. (18)
5. ‘We are living admidst an overwhelming wealth of meansnd ends. (19)
- 6. We are living in a democratic world Tequiring public virtues. (20)
7. We are living in a secularized world. (21) : )
8. We areliving in one world that is a system & interdependent parts. (22)
Von Hentig has made some other points that seem to me to belong to another

category, e.g. living with one's hody or with the arts. (23) These are by no means * .

new condifions, though living in‘the molern world may lead to new means in
coping with them. Thus this eight conditions may suffice for my purposes. To my
mind they constitute a rather adequate catalogue of factors relevant to the develop-
" ment of n% science curricula, This catalogue is not to be entirely new or drama-
tic. Neveitfieless, it may prove to be a reasonably %afe starting gound for the pro-
cess of convincing teachers'that curricular changes are needed, and that these .
specific changes are needed. 1 do not mean to imply that particular changes can
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. be deduced in a strafghtforward fashion from these conditions. But ! do not .ouch
upon this deduction problem in this paper. ‘
I should like to offer some suggestions (24) as to the educational implicatigns
v.Hentig has noted. His aims are not meant to be behavioral objecti they are
a sort of leitmotif for cutriculum construction. (25) Also I add some mildly critical
’ remarks to some of the aims. -

Educational implication

-

1. From the first condition v. Hentig concludes: The student shirfd know the
processes of change characteristic of our time and get the impression tiiat there is
a chance to influencing these processes. He stresses innovative powers of indivi-
duals and the concept of learning set. ’ o R
2. . From the second condition v. Hentig derives the conclusion, first, that the
* - “school should no longer aim at a liberal education held apart from specialization,
and second, that there should be opportunities for the specialist,to see his special
competence as an element within a more comprehensive whole. The specialist
should be able and willing to communicate with the less specialized members of
the group ' , . ' :
3. Sdience and techpology do not entail by themselves freedom from superstition.
\ Scientific knowledge '{:sed unscientifically may become a means of irrational
: - opinionjand actfon. Thus, school learning should impart scientific attitudes, pro-
cesses.fand knowledge of the inherent 1imits of the scientific method. (26) In this
there {s really nothing new. But v.Hentig also notes the need for fostering diver- v
gent. and creative thinking within the scientific field. C
. Now, in the history of science we observe a subtle balance betweén the conserva- -
: tive and the innovator. Conservatism derives from the fact that science settles
fssues. And innovation comes in because new problems arise afld the settled facts
‘take on a new meaning within a new setting. The obstinacy of the conservative
scientist is necessary in the process of evolution of scienti{fc fact and theory. It is
necessary both for reasons of economy and survival of the fittest: Without the stub-
born opposition of the"scientific orthodoxy we could never feel the triumph of the
" new. Science is not art where purely private valuations constantly cry for novelty
which is self-defeating. Thus thisfashionable question of creativity is a delicate
one, and v. Hentig realizes the need for disciplining the creative impulse of the
individual within a group. . .
4. Here v. Hentig aims at a synthesis of theory and practical competencies.
Thedry should not be taken as something in an for itself but as a guide to action
and reconstruction. - Also the student!should gain insight inte different professional
fields so that he is prepared to make a rational choice and can see his profession
within the context of school learning and within the wider context of the func-
tioning of society generally. .
5. Within a worid that offers a wealth of means and ends the student should learn
to choose by his own and to be critical toward his aims. He has to learn the import
_~ of utopian conceptions and also the margin of free play yithin a situation. More-
‘over he should gain-tolerance and critical attitude alikejtoward other people’s
aims.
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Von Hentig tmnrgr that art as Qpposed to science {s the proper field for mrploring
possibilities, In this opposition I have some doubt, Science by exploring what he
. calls reality also explores what is possible, In fact, these are only two different )
- voints of view of the same thihg. In the beginnings of modern science we find many (
suxements concerning the power of science to bestow freedom and wealth upon
man. 7) Science structures the space of possible actions and thus defines with
_ utmost , “ecision what v. Hentig calls the margin of free play within a situation.
Thus we su. “1d not accept thfs point {n our teaching of science: Science requires

. + the free play of the imagination just as art does, The difference must be sought
/  in the different rules of veriffcation in the respective fields.

‘ 6. Students should come tv ;- ~w their own interests and find means for defendfng
them. Von Hentig ¢oins the term "public curlosity” for eagerness of the citizen to
ask the expert questions, to p‘r‘eus him for understandable accounts of current issues,
The student should also have.had experience in processes of group dynamics arnd-
social psychology, (28) . -
7. Von Hentig pleads for a continuous transformation of magical and mythical

* ways of thinking into rationa} forms of thought. The student should find that his
own irrationality is respected s an:mportant fact, especially in religion. X

* 8. Living in one world entails learning at least one foreign language and he

strongly pleads for English. The student should learn to see his own custom and
culture as a foreign one, at'a par with so many other:divergent styles of living -
and thinking. He should ha}le some insight into the probless of general semantics
and acquire skills in appl)gng these principles to statement in the newspaper. in’
broadcasts, and in televisfop. ,

8. . ’ . .

5. Contributions of physics. teaching to v, Hentig's aims

a

Compagison with modern trends cience curriculum
development Lrv

Von Hentig’s description of conditions is one thing, the aims he deduces therefrom
i3 another one. Generally speaking his aims are not very far from traditional -

_ humanistic ideals. This is not meant to be a’criticism. He acknowledges the deci-
sive role of science and technology in present.day life and clearly sees the tmpor-.
tance of practical activities: There is no detachment of theory from the affairs of
daily life. Thus he tries to avoid the pitfalls of the traditional concept. On the
whole I agree with his aims, But my main concern is with physics teaching whilst
v. Hentig speaks as a general educator. Thus I am asking the question: What can
physics teaching contribute to these aims? There are those questionirig teaching
separate subjects altogether. But this is a different issue that needs separate discus~
sion. I start from the fact that physics is a well-established and important discipline
that is studied by teachers prepared to teach physics at school. In case we should.
come to the conclusion that a subject like physics cannot effectively contribute to
these broad aims, then we have to go a step further and enquire into other forms
of organizing school learning around science. But this is not my point in this -
paper.

Broad aims like v. Hentig's stress the need for new principles of subject mafter
choice and for new ways of treatment. The "alphabetic” curricula in USA
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exemplify this point. There is a s ift from content t§ process, and another shift
from details t6 conceptual scher ¢1, Of course, this is not unprecedented in this
country. Shortly after World.Wai | we observed in Germany a strong movement
of reform in science teaching that 1imed éxactly at what later on became known:
as the 'structure of the discipline . Especially in physics teaching M. Wagenschein
developed his 'principle of parad ‘inatic teaching' meant to solve the problem set
by the rapidly growing subject ma er knowledge by selecting a few paradigmata
of physics and working them out very thoroughly. (29) Somewhat paradoxically we
could speak of a “case history method without history”. By a thorough study of
paradigmatic cases the student was to learn the methods of Physics and science
generally. Also he should learn to see these methods as a special and limited way *
to jnteract with fiature. "
Today these tenets are commonplace with most curriculum advertising‘specialists
once they arose bitter controversies in this country To my mind it can now be
-sseen that this controversy resulted from Wagenschein’s underlying romantic philo-
sqphy more thanfromthe overtly stated prineiples of 'paradigmatic teaching’.
There are two essential differences bttween Wagenschein's approach and that.of
the new curricula. First, sciéntificimethod has been analysed into 2 \ry detailed
and ramified system of skills (" process'es") that are trained rather formally’afd
partly aléo rathet detached from subject*matter content, & procedure of which I
do not approve. (30} And second, though the paradigmatic character of content is
stressed now. the level has been shifted from cases to conceptual sch&zﬁ%es 3n \
This latter difference is important. Traditional physics teachers always critized
wagenschein's failure-to do justice to the Systems character of-physics. Conceptual
"schemes are unifying theoretwal elements and thus physics teachers may be better
prepared to accept this approsch as a synthesis of the principle of paradigmatic
teaching with' the systems aspect of physics.
Finding out reasons for opposition to curricular changes is one task of implemen-
tation planning, We have to take account of two very different classes of teachers,
the one subject matter Ongnted the other oriented toward broad aims. It is the first
class that is to be expected to opposing changes like those Wagenschein or v. Hentig
propose. They feel that physics teaching serves broad aims anyway and they fear a
gradual decline of the standards of subject matter teaching. Their first point seems
to be mistaken, and a discussion of broad aims along the line of v. Hentig's is very _
important to them, because they have to be convinced of the need to change their -
styles and atms in physics teaching. Thus I should like to offer jomie hints as to
the contribution of physics teaching to these broad aims preparing discussion with
this group of teachers, and partly deriving from such’discussions.

N
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Discussion of specific points

Ad 1. The student should acquire the ability to adapt to scientific change. That
implies teaching in an undogmatlc way. 1 cannot see much difference between
teaching facts dogmatically and teaching corceptual schemes dogmatically. On
the contrary, history see ,@m show that it is much more difficult to abandon a
scheme than a supposeaf t. There seéfns to me pnly one way.out of the diffi-
culty: Incorporating the history of ph)’SlCS vex’égtrongly Knowing that sc{nemes -
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develop, and according to Th. S, Kuhn not at all in an algorithmic fashion, the
student should be prepared for changes in conceptual schemes, too. Allso he should

future. (39). o

. have opportunity-to apeculate upon ﬂi way. the schemes may change inthe

One exarmnple is atomtsm. Since the révival of Greek atomism fn the 16th century . -

weg.note a remarkablc‘transformation of the scheme still going on. 1t takes on new
aspects in elementar)( partfcle physics. On the one side we observe research that
hopes to find out st{l};” mpre elementary” partfcles building up the presently known
ones such as the proton or%z neutron. On the other hand we can discefn quite
another scheme, that of ditferent farms of a substrate reminding of Aristoteles or
even Plato!s Timalos; Also a particle such as .a photon is no longer a particle fn
the sense of’classicai mechanics.

This is. of course, common knowledge with the curriculum inventors; QOnly, I can
see no-meaning in téaching the latest development without teachihg the ability to.
follow up further chinges, At least, the student should be aware of the fact that.
he did not learn 2 fikal truth. Nobody wants to teach conceptual schempes a3 final
truth; 1 suspect. But‘thls is not my point: What is the " meta~-lesson{’(34) studerits
take away? That ma‘y be quite #nother story. As-f#r as 1 can see there i; only the,
Harvard Project Phystcs that meets these requirements. Of.coprse, there are, diffi-
culties in thus relativizing the subject matter taught, especially with the very
young child.- But whitever the difficulties, in coping with the Increasing pace of
change we have to aﬁapt the student to the pace, but we also ljave to give Hm
knowledge of continuity amid change. This, too, can be done y an hi torical
approach. ¢ <

Ad 2. Modern scienge is a paradlgma of specialization, of its virtues and vlces

; Thus there should be W0 difficulty for physics teaching to contribute to the aims
- In this category. Modgrn physics teaching should foster individual {nterests, parti-

cipation in projects, &nd discussions of participants with each other and within
more comprehensive groups such as a class, giving opportunity for the specialfst
in a field to express himself, and glvlng opportunlty for the nonspeclallst to
questioning the speciafist. '

Ad 3., As far as physics teaching is concerned “this point merges with the first one.
Sclence and technology are among other forces responsible for the grov?'ng pace -of
change not only of knowledge but of the conditions of living. By studying physics
under this aspect the stident’ may become acquainted with science as a model for

‘ratfonal coping with change (35) This model has three aspects. First, scientific

knowledge gives foresight and power to planning. Second, scientific method is a
way to deal rationally with data. Third, scientific research is a method of con-
troliing changes within Sclence Out teaching shduld point to the model character
and ask for possible transfer . %

But we should also discuss the limits of this model. E. g, there may be human affairs
that must not be treatedscientifically.

At least this is the polnt :of view of the more sensible part of mankind," Verifying

,scientifically that one’s’husband {s faithful may mean the destruction of just that

faithfulness and conﬂdehce This sort of happening is now wholly alien to the
thtdking of modern physr.cs The- measuring process interacts with'what is under
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" observation. Thus; imparting uncritical faith in some omnipotency of science may
well-help:in transforming this world-to more inhumane conditions: Of course, thiy,
'{s a value judgement. But, ‘after all, the exercise of Judgement was exactly the
thing to be’ expected from an educated human being. =~ C
: Md 4. In physics the interaction of theory and partigle is manifest. But this is. not

S o . ‘always true of physics teaching. Moreover, seeing the interaction of theory wﬂh

. . actien'in physics is quite anothér mafter than seieing physics as-a guide to solving
< problems for a individual student: Most of his real problems are no- physical sc1ence

e problems. It iyunknown what proportion of the population puts physics to use.

" have no soly#on to this difficulty.
Physics ‘teaéhing should aim at imparting a realistic picture of a physicist, The
time is rapidly vanishing that saw in the physitist a sort of mpdern hero or priest. " -
. We always should try to resist the swing of-the pendulum thus increasing damping
" factors, We. should show students that physics cannot be equated with the great
dlscovery Science is a piecemeal affair, and the daily routine of a physicist may
 be rather unattractive }o young people. They should know. the difference between -
. bigscience gud lithe science parallel to the difference between handicraft and mrass

- «i production. A modern institute. of physics is-a sort of- factory for knowledge with

exacting plans for production. On the other hand we should oppose tendencjes ¢ to -
. despise science as the orie-agent responsible. for all evils'of the day. -.
+ . A competent reviewer noted the following concerning vocational education:-'In
- _view of possible revisions of curricula, it is felt by the author that educafors at
~ vocational-technical instititions should think primarily of providing generahzed
basic courses rather than specialized subjects with cutrently fashionable names .and
content. Teaching more. courses in mathematics and physxcal science for instance
will have’to serve the need of technological changes... More than 90% of the
- respondents expressedtheir strong feeling that technical education - 1nc1ud1ng the
training of highly spec eclalized technicians - should focus on establishing a broad
- intellectual foundation. .. "(36) Thus he advocates teaching basic structures in
+.  physies, not for specialized needs, but for the best way to be prepared for changing
- . meeds. The point is that the pupi} shauld know that physics may, preparé him to face
change intelligently, Because the nature of the changes is inforseeable this cannot
bé done directly. To my mind it can best bé done by casesshowmg the interaction
between scientific and historical changes.

) n Ad 5. Aslseeit physxcs teaching cannot do much to further these aim$. Of course,

students should have opportunities to develop and follow up their own interest. (37)
They should learn to see that the most refined equipment does not give always the -
best insight. So'we can do something to'sharpen their wits in a sort of Consumer
cnticism Bur it is unknown how effeetlvely such strategiespnever tried out, will
transfer to daily life. Also’ we mdy discuss with students standards oPprecxsjon and
?4 standards of quality genel'ally, But the same objection can be raised as before.
Md 6. In teaching physics students should learn to ask questions. Traditionally
physxcs teaching has had. largely the effect of siléncing the: questioning impulse of
the majority of students. ¢38) I can only speculats upon the reason for this gheno-
~_ menon, First, we have to take account of the impression of physics as an over-
powering construct that no one ¢an "hope to manage. Second, qu&stions that arise
by stndying physics are often rather difficult to answer,’ even if and especially
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- if they fefer to ordmary events, Thus, why the sky is blue or’wh gldss is
transparent, and-iron a ferromagnetic substance? A véry high leve of subject
" matter sdphistication is necessary to undgrstand the answers physies can giveto !
. . these questions. Thus the student gets the imptessfon that the really tn}eresting
o qifestions are beyond him anyway. Third, by forming’ hypotheses in answering,a -
Ly problem the student expériences ‘failure.in most cases, One answer, one-dea, ofie ’
.. planfis. rt-ght}tthre ‘others are*wrong; and it any case the tgacher knew the answer
Y " beforehand these points constitutea rather effective cotherconditiomng of
"+ asking questiopstand faking.one’s stand dgainst others or authotity.
* Thus teachers should take the burden tpconvince students that a rhistaken hypo-
thesis, a false idea, ate not failures; théy mean a cotribution to exploring the
‘=9 1limits of possible solutions: Students should'be prepared to insist tpon théir conz .
A cepttonsﬁllthe issue {ssettled, and they should definitely know that trfﬁt:se opposing
' the *true?cong epuon and forcipg e other party to justify andexpose their ownideas
. in an understandable ‘and convincirig fasiion play .an essential part in the process
j of scientific progress. We glory those who have sudceeded and forget or even
' desplse those-who have lgst ‘their case. Th1s pre-posterous paradlgma or writing the
. history of science sheuld be abandoned. : _
. On the other side, in mathematics and scienge teaching students expexience is&ues
., that-cannot be | decidéd by majority votes. There is- ai]mde margin for coriventions,
in matliemati¢s-as in physics _But sooper or lafer in these fi€lds we meet with our
‘own conventions as "limitations; ‘and moreover; in physics we meet nature as a
limitto conventions. ‘As a result of physics teaching the student stiquld have formed .
, a clear distinction. between questions of Value, questions of conventional defini-
) "tions, and ‘questions of fact, *and he should be prepal'ed to react to each category
in the proper fashion. S \
* .~ "Ad 7. Concerning this point should hke to draw attention+o the fact that even
- science has its creed The,moment we enter the theory of science we ar faced
_ with a host of uncertainties. What is a law of nafure?.Is it just a regulari'
4 =~ protocol? How do-we justify inductive generalizations? No question.of this ty' is,
“. - sufficiently well answered. Moreover, "there is considerable eV1dence from
" Th,§.: Kulin’s writing that paradigma shifts cannot Be described as a wholly ratio-
*nal affair, Thus, physics teachers should avoid dverstating their case.. Physics is
a great: instrument within narrovrbounds of applicability. But it is no substitute
. for that energy that makes life and even. physiés itself run. :
Ad 8. The contribution of science to uniting people ofall countries, of all reli-
gious and political faiths, is manifest. Consciousness of the orie world is conscious-
" °" ness of science and technology ds essentially the same all over the worid. Also’
these are tlie' main unifying powers supplying means of communication and shared '
- ‘experiences. This, fact should be stressed in physics teaching, Moreover, I cannot
L see why it seems %mpossible to develop forms of cooperation between physics and
language teaching. Irvthis country students enter unjversity to. study physics that
took courses of Enghsh for efght or nine years, and yet they are appalled by the
suggestion to look into an atticle in Englith. The language teacher tries to impart
a-sense for the foreign culture, for its peculfaritied, But he forgets to show that
the scientific culture is independent of language. Reading and discussing short .
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paragr}rphs from English written scieatific artrcles in the scrence lesson might,

" prove a way out of the difficulty. v
I should like to add a concluding remark Implementation of modern physics
curricula {¥a difficult and complex. task.
1 am perfectly aware of the fact that my problem of convincing teachers of the
aims is only a smal] facet of the problem. There are many others I cannot deal
with here. One of the most important seems to me the need, to.supply links bet~
ween broad aims and objectives, Most currrcqla discuss goals but fail'fo’ point dut -
why this special material or procedure is apt to serve these goals But that is ,
-another question. .
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Discussion 4

.

Mrs. WOOD asks for someg additional comments to V.HentTg's conclusion no, 2
(specialized competence). Mr. JUNG answerf that‘the term specialization is used
here in two different meanings. He did not think of the question of teaching inte-
grated science or nonintegrated science. Rather he thinks of a class, in which a -
student develops a special competency in so)?ue patch of work and will then com~

K -municate with his less specialized fellows.

° ". Mr. BAEZ proposes to teach physics in a foreign language, e. g English, or - as a
task of less difficulty - to reinforce concepts ﬁn physics in English language.

S Mr. JUNG takes it to be a good idea, which is, however, preferably manageable
¢ at the university level. -~ Mrs. WOOD points {o the difference between reading as
. novel and reading a science textbook. Often in the schools the studefits are brought
. to rapid reading for just getting the general idea. On'the contrary, ‘science requires ?
" denser reading and writing. She suggests to give 2 paragraphs to the students,. from
which one is a story and the other one science “Then the students would betasked to
. to express the contents of each paragraph idl as few words x5 possible; they will -
~—-  then start'to realize the difference. Mr. JUNG feels that this would be very -
. profitable. But at first students ought to learn; the science langudge of their ["-
mother tongue. . : ’ :
It is discussed, if the history of physics were t¢ be included in the course. Some
people argue that the danger of dogmatically teaching facts and schemes could be"
_ decreased by historical considerations and reflgctions. The inclusion of historical
. » mmaterial would integrate the reflections aboytmethads. The history of physics,
: however, must not be an aim for its own sake, at sghool.
The advantages and disadvantages of a prefabiic8ted curricufum are considered.
Mr. JUNG states that the demand of some tedchers for a prefabricated curriculum
- means a demand for a cookery book. This is § symptom of sickness, and one ought .
not to be glad about it. He feels that a prefal ricated, well constructed curriculum,
which i3 open for teachers to chopwrw/i‘gl be valuable. He warns of too great a
rigidity of a curriculum. If a curriculum is mhde for one, two, or more years, it
will be diffiqult for the teacher to take in extraneous material that is not contained
in'the curriculum. Another procedure would e profitable: to offer topics'to the
teacher, from which he can choose, and where he can arrange and even rearrange
the sequence and can take in additional mau rial. - Mr. ROGERS also emphasizes
that the teacher must be able to choose. A ﬁew curriculum must not-include too
- much new apparatus.

- - Mr. WESTPHAL reposts that the h’achers often modify the IPN curriculum. He will -
gladly agree, if the teachers only use it as a possible framework for constructing
their own curriéulum. But he feels that for the first trial of working with the curri-
culum, it might be favourable to teach it in its original mode in order to find out,
how it works:

s
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' Poul Thomsen - b

o

The development of a new physncs curriculum for the -
sécondary schools in Denmark
¢ \ 5 N

>
‘ R4 ’ ‘

- ( .

~ 1 Preconference noteg- . BN

1.1 Plans for a ne physics curriculum \

. In 1972 the Danish Parliakent will probably pass a law defining the main features
of a new structure for the ish "folk school” (the public school for students of age
7-17). According to the plans the implémentatign of the school reform will be
effected from the autumn of 1973, The preparagfon started 2 1/2 years ago when a
curriculum committee started its work. As usyhl, the members-were important
people having lost all connection witlt practical teaching several years ago: admini-
strators from the Ministry of Educatfon, school directors from different parts of the
"country, and high-ranking members of the teachers’ union, who work full time for
the union, In due time subcommittees for the different subjects or gro'ups of subjects.
taught in school were formed. Physics and chemistry were grouped with arithmetic
. and mathematics, the members of the subcommittee mainly being interested in .
arithmetic and mathematics. ’
Considering the fact that radical changes in the physics curriculum usually take
place only in connection with school reforms of the above-mentioned kind, you’
might feel discouraged and get the impression that, whatever you do, very little
progress will be achieved this way. And if you analyse the changes in the physics
curricula of most countries in the past, danyway up to around 1960, you easily get
support for this depressing impression. On the other hand, important steps towards
. better physics teaching may be caused by a minor reform, as the reform itself may
. act as innovator for progressive pedagogical activities, for inst. development of
. new textbooks, laboratory guides and laboratory equipment, but unfortunately it
will usually be too easy just to proceed with the old system when some minor chan-
en made.
The activities in the interval between two successive,curficuldn. refotns are of
outstanding importance. In this period new fruitful pedagogicMay be
born, at horhe or abroad, and if sufficient efforts are made to make these ideas
publicly known, the result may be that the curriculum ¢ommittee become aware of
.- the new ideas and find it natural to include these in the new curriculum. To illu~
. strate this I only need to.point odt the' enormous inflidhce of the PQSC~pr7ject on
the physics curricula of many countries all over the world in the sixties.
At the physics institute at the Royal Danish School of Educational Studies we of
»  course feel it as our obligation to keep Danish physics teachers well~informed about
the great physics projects developed in different countries during the last years. ®
Therefore, we were eipecially interested in'the school- pohtical game in confiection

‘
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’ with theé school reform to see if our informative activities might cause significant
influence on the new cugriculum, - : ..
Now, it turned out that e got the chance fo influence the new curriculum much
more than we had antfc pated, a$ the subcommittee for arithmetic, mathematics,
physics, and chemistry ¢hose to invite different groups interested4n the teaching
- of physics and chemistr)| to send tn suggestions for the new curriculum. In this way
two of my colléagues and 1 got directly involved in the work concerning the new
physics curriculum togel:Ee: with representatives, from other groups who had contri-
buted to the work of the
__._teachers’ _unjon,
Being engaged in this achvrry“:it*thetheﬂme wﬁen L.was asked to deliver a lecture
at the UNESCO-Seminar on " The Implementation of Curricula in Science Egduca-
tion with Special Regard to the Physics Teaching' I found that one of the best ways
to contribute to the conference.was by giving an laccount of our efforts to secure
reasonably. good conditions for the teaching of ph sics and chemistry within the
new school structure, and by giving a survey of t 1e {deas and plans we have worked
out so far to set up a.new curriculum, which we hope will serve as innovator for
new improvements within fhe teaching of physicslin Denmark, '

mmittee, for example representatives from the physics

1.2 Historical background 'i

You will be in a bad position to evaluate, if the new curriculum is a progressive one
or not, if you do not have some knowledge of the present state of physics teaching in
Denmark, and how this state has been obtained.  The remaining part of this paper

"~ therefore will give a short survey “af fhe different school reformg in Denmark in this
century, specifying the amount of time spent on the teaching of physi¢s.and che-
mistry 'in each case, AH this tim® the two subjects have been taught together as

one subject, whic"h; in practice has meant a physics syllabus including a little
chemistry.-

- The school reforms of 1903 and 1937

We got a school reform in 1903 which was followed by a minor reform,in 1937,
essentially extending the organization of the education in towns according {o the"
reform of 1903 to the whole country. Table I gives a survey of the structure, the
numbers followed by Ph indicating the number of periods per week spent on the

- teaching of physics and chemistry.” The number of children passing through the
more theoretical part of the schoot, ‘the "middle school”, during this peribd
increased from 20%in-1 937‘to about 30%in 1958. Table I gives a rough idea of the
situation in 1958. From the table can be seen how 100 students entering school at
the ageof7 (grade 1) passed through the different grades of the schoolsystem.

The table shows that more than 50% of the population at that time left school with
the minimum of ‘education required by law: 7 years of education, Roughly speaking
only 31%of the popu}ation, who entered and completed the middle school, got
‘> esseﬁtially more education than these 7 years, and it can be seen that ly this
X minor part of the population received education in physics and chemist o*
tempt some of the students that did not enter the middle school to stay in school
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Table I; Structure of school up to 1858

S

~. _.T
‘ , 3 year “gymviasiu
school” (7 last year
of senfor high +fimt| «

college yearn)
end of folk school '“5]!/’9 3 )
\ . “real” ) -
exam.,
______ DU -
16-17 2Ph 22 I !
’ 22
. . 15716 - 2Ph a am | (B B exte 1
S . _ |- 2B
© 1415 £xit 12¢ 12 8 2ph , 31 am| 1B "
13-14 ,exit 574 69 1 2Ph 31 3m '
12-13 169 8 2Ph 31 [im
P —- ———————————————— - -
“middle
-89 school”
———————— ) .
| 11-12 100 {5 T
} 10-11 100 |4
--------- X
9-10 100 |3
89w 300 g i
¥
' -8 * 100 |1
age ~ T T grade \
- 100 ;
, students -
start of folk school S .

The number of students leaving school at the different levels has been cdlculated
from statistical information on schools for the year 1958,
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- catfon was very“old-fashiosned in many respects, and sometimes the experiments

b

some years more, an alternative to.the middle &¢hool was'set up:.the so-¢alled
"free middle school” teaching roughly the same sitbjects as the middle school but o
{n a more free way not requiring an examination at'the end. This effort turnedout ~ -
* to be an enormous ffasco, so I have not even considera}, it worthwhile to include
this possibility in the table.
The topics taught in physics and chemistry {n the folk schod] during the period from |
1903 to 1958 were only slightly changed during fhe whole pédod. The general
opinion seems to have been that the brains of the studerits at thfg age were of a
capacity enabling them to understang, the fopics of the curriculu¥y from 1903 and
not much more. And yet a very important improvement of.the te3ghing of physics
took place in these years. An‘active group of physics teachers in C& nhagen
formed an association in 1919, and in the following years this associaign became
an’exponent for the idea that physics should be taught in.a more practi¢®iway, .
based on teacher’s demonstrations and students’ experiments instead of be ec~
tured by means of ¢halk on the blackboard. Tp a certain degree they suéceeled -
in making physics an experimental subject of the Dzmish folk school.
Unfortunately, the students’ experimentsup to 1958 were not too exciting, Us ,
the students spent most of their time in the 1ab investigating whether their exper
mental results were in accordance with a well-known theoretical law, or they spen
a lot of time trying to find for example the density or the heat capacity of a lot
of different materials. The demonstration experiments were generally better, culti-’
vated as they were by many enthusiastic physics teachers, but as a whole the edu-

a

were experiments for the experiments’ own sake and not a logical part of a well- . '
planned course. . - .

The School reform of 1958

-One of the aims of the schnnl reform of 1958 was to build up a school structure‘of
appeal to the big amount ‘of students who until then had left school at the age of 14.
"However, there was considerable opposition {n Parliament against a general rafsing -
of the school-leaving age as a solution of this-problem. To get more than 7 years’
of education in school should be an offer to the ‘students, not an obligatfon. Table II
shows the main structure of the school according to the 1958 reform.
The school reform was well received, and the number of students dropping out of
- school after grade 7 gradually dropped down to near zero during the last 10 years.
oouo:—at—least—Q—yeafs—a-nd—an—mereasfng—num-———
‘ber of students also take a tenth school year.
A comparison between table IT and table I clearly shows that the importance of
"physics-and chemistry as school subjects was generally accepted. All students
should now study these subjects for at least 2 years, and all the students of the
_ "real-line" should go on studying physics and chemistry as a compulsory subject.
The number 6Ph in parenthesis indicates the students’ possibility to get 6 périods
of physics and chemistry a week by preferring a technical "real 3" to a normal .




. 3 year "gymnasium .
. . L school” (" last year | .
e T - . of senfor high + first |
o . - | college years)
. ‘ /_‘ - .
| ~_end of folk schoo] 7 .
| ‘ ’ ' .- t '
| . ) M gxi; 2& (__
| L G , o
| 18 . |10 |(5PH) 2(6)Ph .
(oo EDI ] s 3
16-16 T a7 EREOL 3| o
——— - - 7 B g ‘
: exfrll ey 8f . ] .
14-15 R P 8 |%5)eh 2ph 46 o 11
Co \.\48,' | ﬁx 8/46/
% e L
13-14 m ploph| 200 | 7
3 '
—E VN anp AN AN awe AR SN e N - 5 — -
. 12-13 gleeh| 100 | 6 )
X e e e ]
7 . 11-127 - . 100 5
e e _ . :
10-11 , 100 | 4
“9-10 _ - 100 | 3 o .
v ‘\ ]
8-9 .. 100 | 2
T8 - L | 100 1 T
g =T mm===sT B T
- 100
o students

start of folk school

The numbet of students leaving school at the different levels has been calculated
from statistical information on schools for the year 1970.
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In the other line physics and chemistry should be optional, and it turned out that
physics and chemistry were chosen by a fair amount of students. The number 5Ph
in parenthesis refers to the possibility that the students can choose a special technical

education {n grades 8,9 and 10, where the teaching is mainly concentrated on the
topics: mathematics, physics and chemistry. The idea of the big number of periods

- “ per week was to make it possible for the students to reach the same level as the
) students of ‘the "real-line”, but in a more pratical and therefore moie time-con- *
/ suming way, In practice this idea proved very valuable. According to the teachers,

the techntcal students-often got a better understanding of physics than the students

in the "real-line". -

The teaching of physics in the technical real 3 with 6 periods a week was not a
success. Only few schools made use of this posspbility fo offer technical real 3 as
"an alternative to the normal real 3, and 3 yeafs ago the technical real 3 was

removed by law. , , g

The $ubcommittee responsible for the physics curriculum in 1958, did understand

that the syllabus needed a radical change. A lot of new tapics were introduced and

ft was stated that, whenever possible, the teaching should be based on the concept

of atoms and molecules. One of the most important renewals was that Newtonian
 dynamics was Included in the syllabus and that energy was made the fundamental
’ topic to be studied in "real 37,
To support an experimental treatment of a large part of the‘topics it was required
that the examination in physics and chemistry at the end of "real 3" should include
a discussion of an experiment done by the examinee.
It was much harder for the committee to°get rid of old-fashioned topics than to

* introduce new ones, To the great dismay of many older physics teachers the steam

. engine should not be taught any more, but other topics, just as old-fashioned, as '
for instance different kinds of pump¢, not much in use any more, *are still included .
in the syllabus. N
The teachers were not prepared for all the changes, and during the first years there
was a heavy opposition against the new physics curriculum, but when new teaching
materials had been developed it was realized that these topics cowf®be treated very
well in an experimental way, and the opposition gradually faded. Today, the tea-
chers mainly critizise the curriculum because, in their opinion; some of the grades
seem to allow too little time for the teaching of the many different topics.
1.3 The reputation of physics in 1958 and now !

The main reason for the improved position of physics and chemistry in the curri-
culum from 1058 was partly that physics andchemistry at this time were very
esteemed subjects. Nearly all people in Denmark knew theé name of Niels Bohr and.
were a little proud bf Denmark's ability to create world famous physicists. Further-
more, Denmark at tMis time was short of technicians, and the politicians were much
concemed about it. The prime minister appointed a commiittee to suggest what to
do to increase young people}’ interest in technics, and in 1958 this committee
declared that one of the best things to do was to inckease and improve the teaching
of physics, chemistry and mathematics in the folk school: Furthermoré, the com-
mittee recommended that it should be required of all schools in Denmark that a
- ] 67
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"% good physics laboratory and # modern collection of physics teaching apparatus

should be available. In some periods of the sixties Denmark's financial standing
was good, for oncé, and the demandswere satisfied tovtather a kigh degree, so
now the situation is that the factlitiés for physics teach}r}g{ihe Danish Schools
are very good. © o , o E
* It is difficult to say, to-which degree the improvements of the tea- ning of physics,
chemistry, and mathematics has béen responsible for the increase in techniclans
during the following yéars, but in fact we avoided thethreatenin' shortage of
" technicians, and today we have, on-the contrary, a s rplus of the. 1.
Unfdrtunately, the attitude towards physics has cHangeld also, not o much the
attitude of the children in the’folk school, who are often looking f - sare to the
start of physics téaching,but the general attitude from society and of {als.It can
be seen from the factthatthe teachingof physics in grade 6 was.cance din 1969, ’
when school’s amount of periols per week was reduced to make it pc, ble to go
from a2 6-day-week to a 5-day-school-week without the school dgy t -oming too
long. Also, the above~mentioned cancellation for technical teal 83 w.  an indica-
* tion of a new official course towards physics and chemistry. '
In view of this situation I am not quite sure that the title of my lecture t this con-
" ference should be the announced one. Perhaps the title: "The Fight-for . ysics and”
«  Chemistry in a New Danish School Structure” 'would be more covering. °

-
2. Conference notes .
—_— : A
In my lecture I describe our efforts to secure a reasonable position for physics and
chemistry in'the hew curriculum for'the Danish folk school, and I present some of
our basi¢ ideas conceming the new physics curriculum. )
1 express it as my experience, that - whenever a school ‘reform is being prepared -
it isworthwhile to analyze how the tezching of physics can contribute to the general
aims of the school. Physics has indeed much to offer, no matter the contents of
the aims. But e must work hatd to convince the officials responsible for the reform
of this fact. , , » ) L ,
As documentation 1 refer to the fact that it seems that we in this way have pre-
vented a severe reduction of physiés and chemistry in the new Danish curriculum,
Table 111 indicates the genetal school structure according to the planned reform,
able o r-of-weekly periodsof ph fist)
the different grades. The general’aims of the folk school according to a preli-
*  minary paper by the curriculum corimittee, are shown in table \'A o
In accordance with general aim no. 1 one of the aims of the compulsory teaching
of physics in grades 7 and 8 will be to make the studéfits. familiar with fundamental
physical ahd chemical concepts. In accordance with general aim no. 2 a natural
. purpose seems to be to mgke the studeqts fam!liar with the scientific method used
in physics and chemistry. - ’ ’
To fulfill.the last aim the students must have ample time for experiments in the
lah, biit lab-centered teaching is very time-consuming which means that there
‘will only be 0om for a limited number of topics in the syllablis. Therefore, it is-

i
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of vital importance to find out which concepts will be of speciapl value. for eéxample
. from the point of view that famillarity with these concepts is a necessary condition
- for & reasonably good understanding of the information presented in newspapers,
_TV-broadcasts, and other sources of informbtion. . S
* - As a first, Incomplete investigation of this question a group of physics teachers
_attepding my cowtges"Methods and Ways in the Eleméntary Teaching of Physics”

" went through a voltme ‘of a Danish newspaper (from October, 1970 to October,1971)
”and noted how often physical and chemical concepts were mentioned. Pxch concept
was ¢ounted only once in each article, and'special columns as for example "Motor

. and Traffic” and "Photo” were omitted. Two of my students, mr, Axel Johannisson

- -and mr. Bent Balle Petersen, analyzed the mqterial and prepared the statistital sur-

veys shown in tabtes VI, VI, VIII, and IX. - T

These tobles.were taken into’ account together with other important aspects (for
example concepts “considered especially valuable by physicists) at a meeting with -
the sybcommittee responsible for the physics curriculum. There, it was decided
that the syllabus for the compulsory,teaching of physics in grades 7 and 8 shduld
include the followlng themes;:

~ An elementary tl’eatment of Newtonian dynamiCS

- Temperature and pressure, - .- s

# Chemistry, ~ T T ‘ e

-« Electrfcity arid magnetism. ' '
~ Atomic structure, radioactivity.
- A qualitative treatmént of energy. )

Some ‘ideas for the syllabus for grades 9 and10 were also 8uggested in grade 9:

- an extended coursé.in electricfty including electric oscillations and an extended
course in dtomic and nuclear physics. In grade 10z ooptics, waves, the nature of ™+ )
light, statistical phencmena, an extended course in Newtonian dynamics. and 2’
more quantitative treafment of epergy.

At the Physics Institute of the Royal Danish School of Educational Studies we have

¢
]

course in atomic and nuclear physics when the students have not yet studied the

topics suggested_for grade 10, :

At'the next meeting we will thergfore suggest that an extended course in Newtonian

dynamics, energy and energy-conservation is to be given in grade 9 togéther with

a reduced course in electricity and magnetism. In return, electrical oscillations

should be treated in grade 10 together with waves, .

| _In addition to the subjects mentioned in the general school currfculum it is also
possible that other subjects can be taught, if a competent teacher is available and
.enough students want to study the subject. Of subjects related to physics we think

- that electronics and astronomy might be taught in this way in some schools.
Our intentions concerning the new physics curriculum are just as much to insgire
the phy‘sics teachers to concentrate more on active teaching methods where stu-
dents’ 1sboratory work plays an important role, “as it is to introduce new topi S

o In.fact, the situation is the one that we are considering how much we can t e

. traditional topics to allow room for the time-~consuming iab activities, ,
Inspiration to change teaching methods does not come all by itself from a list of

Q
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discussed these possibilities, and we have fouild it very difficult to give an extended

‘topics in the syllabus. Therefore, the physics syllabus is to be published in a booklet,
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" ~_culum go in the direction of a textbook integrating the laboratory activities in a _
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; Therefore. we do not want the list of topics im the syllabus to be.too detailed, On ~

S of 1 \ R
1y discuss g the 2 aims of phys (] teaching in thfight of the g geneinms ,
of the\ hool, F rthermore. this bogklet will include a discussion of a-variety.of * -
teaching'methgds, and their advanfages and disadvantages illustrated by a number
of examples. Jn this way we 1nten to exer‘i:ise a mild pressure toward‘s more lah-
centered methods.
‘We hope-that the physics teacher . and the different teams of authars writing Texts -
- books in physics will be inspired by this booklet and find new and fruitful ide,isior\ :
the teaching of physics in Denmark., S

the other hand, we would like to make it impossible to gb on using the old text-’

- books and laboratory guides, unless these undergo radical changes. At the Physics
‘Institute we are working on these problems- just. now.

My own ideas of new materials for the physics teaching according to the new curri- . '

way- -stmil4r to the IPS and PS 1l -courses, and suggesting more open activities where /

this method is considered: useful (inspirhtron from the Nuffield Project). o \\,\ ‘
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<t _‘Tqble 1v: ' : v '
| , 16-17  [10] 4pH R ' ¢
o Eh optional (2 levels)
. K 15-%? 9| 2PH +2 emlstry
. 14-15 8| 8PH  (Chemistry
! — . included) | compulsory
.. 13-14 7 2PH - ' 4 § {
4 12-13 .8
e S i € »
N 11-12 B I R S — _
. . ..
10-11 ° 4 :
9‘10 .3 & ' -
. . 8-9 2
R
7-8. 1
. | 0| kindergarten '
_ .age pgrade .
V, ‘ ) ) A \
\\ ) x| o
Table V: - GE‘E; 2ims of the folk.school
1. That each student gets the“oppggtumty of acquiring skill, knowledge
! and insight, - T S
2. that each student gets the: opportumty of m\d‘e’pendent and social
S development of personality. -
. ,In trying to fulfill these aims it is 1mp‘3‘rtant
—~ that the studeqt gets the opportunity of experiencing and evaluatmg
own possiblhtgand limits,
~  that each student can train own abilities’ of evaluation and independent
.. choice,
— that the student’s self-activity is encouraged,
—  that the student's imagination and creative abilities are sti}nulated.
—  that each student géts personal responmblhty and 1nfluence on
. ~joint dectsions, ¢
] — that understandmg of other person's capablhtles is furthered in
~each student. - . g
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H.P.Hooymayers e | ‘ -

The set-up of a Dutch curriculsm innovation project, for physics ~

- 1. Introduction ‘
Duringthe past decade considerable attention has been paid to curriculum study
and reorganisation in many nations.
Until about 10-15 years ago curriculum innovation was only minor - when it did
take place - and in most cases meant no more than adding a new section'to a
syllabus or replacing some: physics topics by more p-to-date physics. Generally -
ad-hoc committees of subject specialists made some modifications. Since these
modifications were mostly small, teachers found no diffftulty in applying them,
at least they did not require any fux’ther training. ©
. In the past decade, however, it was generally felt that minor modifications were
g no longer sufficient to keep science education at the secondary school level-on a
satisfactory basis, Curriculum redrganisation had to include a lot more. :
Consequently the more recent curriculum changes in UK and USA were often so
fundamental that most teachers felt uncomfortable@vithout further training, im-
plying that the dissemination of such courses must go hand in%and with training
of the teadhers,
Such a fraining should not only concern itself with the subject matter of the course
(for instance physics) but, and I believe with increasing emphasis, with the be-
‘haviour and the function of the science teacher in the various elements of the -
teaching process, Curriculum innovation in this manner needs study, research
‘and last but not least a lot of morey and creative people.
When we wonder why curriculum innovation can no_longer follow the simpler way
of the past, it is appropriate to think of a paper of B. S. Bloom published in Educa-
tional Sciences (Febr. 1966) entitled:
“The role of the edugational sciences in curriculum development”.
Here Bloom states that curriculum change is required not only because of the rapid
growth of new knowledge, the-changing conception of the subject itself and its
relation to other subjects or the political and economic changes in the social system,
but also because the students in the present scheols are different in many ways from
the students before World War II.
For instance there is less and less motivation available to do a task without know-
ing why. Blind obedience to authority is much less common among pupils than it
was 20-30 years ago. -
Furthermore curriculum changes “are resulting from new knowledge about the
learning process. The theories of learning and the methods of educational research |
give us the means of {nvestigating the effects of particular methods of teaching . ‘
and particular curricula. |
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On the basis of such considerations and also with a viey to the considerable changes
that have taken place in the Dutch school system in recent years, ‘we are convinted

" that im'the Netherlands the only way which will lead to a justified curriculum change

is the expensive way. This way requires a team consisting of experts from different

“t educational sciences and.subject specialists. We believe that only such a team

working in close cooperation with a large number of trial schools can answer ade- *

quately questiond as

1. For which ages and for which levels of education can physlcs contribute fi a
relevant way to the education of the individual and to the more general objec-
tives of education?

2. Which essential principles, ideas, structures and organizing concepts of physics
a$ a science should. be fncluded in the cufriculum fn any case?

. 8, How far has one to go withthe mutual tunlng of physics and the related disci-
plines {uﬂth a yiew to the selection and sequence of the developed materials '
(combined science course, separate physics courses or something in between)?

4. To what extent should the course material embrace theoretical and mathe-
" 'matical treatment of physics, labwork, technological applications, historical .
considerations, biographical background data and philesophical fissues? ’
5. What are the special weaknesses in the present curriculum fn the light of the
mafjor changes in the conceptions of leading physlcists concerning essential
principles and ideas of the subject field, its methods of lnvestlgatlon and {ts
relevance for contémporary probtems? ‘o
To find answers tg such questions in order to imiprove the present physics courses .
on secondary schools, we shall start a curriculum 1nnovatlon project for physics.in .o
the Netherlands in August of 1972, -

2. Shape of the project

The schedule for the development of the new course embraces four phases.
1. The orientationand planning phase : _—
2. The construction phase. :
3. The experimental dissemination and revision phase.
4, The conducted dissemination phase.
N

3. The goals of the successive phases

[
o

The main goal of the first phase {s to gather, analyse and lnterpret the data

required to arrive at a justified set-up of the following phases. The actlvltles of

this phase can be distinguished in some main components.

A. The formulation of instructional objectives for the new curriculum after a

critical study of the goals, that are pursued by existing national and foreign courses

and a stock taking in this field of thoughts and ideas of leading physicists, physics
teachers and educational specialists.- These objectives should lie in the domain of
knowledge, understanding, attitudes and skills, and should embrace furthermore .
the essential elements of the structure of physics as a science, such as facts, prin-
cipless underlying concepts, methods of investigation etc.

18
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B. A critical study of the instructional procedures of existing courses and a rough
selection of the subject matter. In the stock taking of the instructional pfocedures
we'can distinguish
1. Learning activities/ teaching techniques
2. organisation of the components of the tedching process
8. subject matter
4. teaching aids{ such-as
~ a) skills of the teacher that are necessary for the use of different teaching )
. techniques
b) audio-visual aids (hard ware and soft ware) 1ab equipment for student
work and demonstratfon purposes. T
C. ‘A critical study of the aids and techniques that can be used for evaluation and
feedback.
In this field we can dlstinguish
1. tests and observations used to defermine how well the studefit has achieved the-
instmctional objectives
2. questionnaires for students and teachers to determine the effectfveness, and the
- motivating value of the learning activities
3. the subsequent organisation of the total feedback system.
D. The organisational and financtal planning of the following phases. -
The frformation produced by these activities should give us at the end of the first
phase the answers oti the following questions:
a) what student attitudes and student skills should be pursued by means of the 3
= - physics course for the various kifids of secondary school education; .
b) to what depth and breadth should students know and understand the essential
elements of thé structure of Phystcs as a science;
c) which subject matter is required as a consequence of the choice of some a ter-
‘native endpoints of the course; \
d) which learning activities and teaching techniques are useful in physics educa
tion and to what extent are physics teachers already familiar with aspeotsof3*¢
_ educational psychology and sociology such as motivation of studénts, teacher-°
student relationship, the effects of tests, group dynamics, processes of percep-
tion and reasoning involved in gcientific procedures;
e) .which teaching aids can be used in physics education and which materials are
. already available at home and abroad;
f) which evaluation techniques are most effective to test whether the formulated
. objectives are achieved and to what extent the teachers are familiar with the
evaluation of the comparati}/e effectiveness of tests, lab-work, teaching tech-
niques etc, .
The detailed plans for the second and following phases will be made in the first
phase. For that reason it is only possible to give a rough outline of these phases,
In the construction phase the.total set of learning materials should be designed,
"These materials can intlude (see for instance Project Physics) student texts, labora-
tory guides and equipment, teachers guides, tests, programmed instruction, single
concept films, overhead transparancies, readers'(i. e. books of selected readings)
etc, A great variety of course materials creates the possibility for the teacher to-
shape the course to fit the diverse néeds and interests of the pupils. With course

.

.
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materials that allow varied approaches, it is possible to teach groups of pupils with
mixed abilities and interests, Of course for a correct use of such materials you
should have a 'clear notfon of their practical possibilities, For that reason the
materials must be designed by a team of curriculum developers working in close
cooperation with a number of trial schools. In this phase special dttention should

be given to the construction of the teachers guides to prevent that ‘these contain
only information about alternative content and problems for teaching and nothing
on how science is learned, in other words nothing about teaching strategies. Further-
more in the second phase special training programs for teachers should be worked
out for a condicted introduction of the course materials {n a second-group of scfools
which did not take part in the construction of the materials.

“Then in the third phase, called-the experimental dissemination phase, these training
programs must be verified for their usefulness and validity. During this period the
feed back should be intensive, because this is the first time that the materials are
used in the second group of trial schools. This experimental dissemination phase is
plarined to prevent that the introduction of the new course into schools is largely
mis-directed. In this phase the teachers are not upgraded in course content only,
but are also informed about the underlying educational framework and modes of
instruction to successfully teach the new course.Once experience is obtained with
the planned and if necessary improved methods of dissemination, the dissemination
on a large scale can start. ’
At that moment we are at the beginning of the fourth phase of the project, the
dissemination phase. This is the most expensive and imost important phase. At this
moment,however, too few, data are available, so that it is not very appropriate
now to try to say something relevant about this last phase. « - *

A more detailed working-out of the activities and ideas
of the first phase. Formulation of instructional objectives

JIt is well-known that the formulation of useful statements of instructional objectives
. \{'- is a very difficult task. .
"N i However, at this moment there is much literature about the methods and techniques
to formulate explicit objectives in terms of terminal performance.
Of course, when doing this one should take into consideration the total number of
hours available for physics in the secondary school program. Moreover it is neces-
sary to know the entering behaviour of the pupils, i.e. you should know what they
have learned previously, their intellectual ability and their motivational state
before instruction begins. In our school system we have a reasonable idea of the
entering behaviour of the pupils because of the results of theentrance examinations,...--
psychological tests and advices from the teachers of the primary schools.
To illustrate the complexity of setting objectives, it is perhaps useful to give a
s more detailed account of the variety of goals as given in some wellknown innova-
tion projects for §eparate physics and applied science eourses, such as P,S.5.C., -
E.C.C.P. (Engineering concepts curriculum project), Project Physics, the Nuffield
Project and others. Concerning the P.S.S.C. course, much has been done by Trow-
bridge (1965) who compiled a list of objectives which were dnique for this course
(see L. W. Trowbridge, Science Education 49, 112-22). ‘

ox
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. Hpm also listed 39 objectives which were common to both the P.S.S.C. and the
* traditional Phyiics courses, The [lst of the unique P.S.S.C. objectives is given
here 4s an example.
, A. Broad objective
. 1. To emphasize the continuity and unity of Physics.
B. Development of student attitudes
2. To emphasize that physicists are typical people\of academic life
with typical human aspirations.
3. To develop a view of contemporary physics that {sonsistent with that of
* the professional physicist.
C. Relatedness to experience (association, application)
-~ 4, To emphasize the major concepts and principles of phyfics from the stand-
point of their contributions to physics as pure science.
D. Scope and sequence
5. To emphasize the study of a few major topics at consi§erable depth.
E. Teaching aids and techniques (textbooks, fests)
6. To employ tests as a means of determining the ability df students to reason
to logical conclusions when working with unfamiliar daty.
_F. Teaching aids and techniques (laboratory)
7. To emphatize the use of simple apparatus and inexpensiv materials where
educationally feasible in the laboratory.
8. To emphasize the method of 1aboratory investigation for learning.
9. To emphasize the use of equipment and instruments whose warking parts
are clearly visible.
10, To make the laboratory central in the learning process by designing it as
-a process of inquiry on natural physical problems : .
G. Teaching aids and techniques (visual aids) )
. 11. To emphasize an integrated ﬁlm program for h&ping to teach the principles
» of physics.
H. Skill and concept development
12. To show the importance of scaling and its role in physics.
13. To emphasize development of the ability to organize and display data in
useful forms for effective analysis of it.
14. To emphasize the understanding and use of pthlcal approximations and
models in helping to explain theoretical concepts.
o 15. To emphasize the meter-kilogram-second system of units.
‘. 1.~ Content objectives
: 16. To study electricity predominantly from the standpoint of fundamental
charge units, their nature, measurement, and behaviour.
Next to the P.S.S.C. course are the more recent Physics and science courses for
secondary schools such as Nuffield, Project Physics, the E.C.C.P. project called
"The Man-Made World", Some of these projects have formulated objectives dif-
fering in many aspects fromn the P.S.S.C. ones. For instance the applied scieénce
. . project E.C.C.P. claims to bring a systematic approach to problems as pollution, *
‘traffic control, waste disposal, health care, urban housing etc.
In this way they try to make their course attractive to non-specialists, because
they are convinced that students feel involved in solving todays problems.

[
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Some other statements of the E.C.C.P. group are:

A. Students develop the skills to relate technology to community problems

B. Man-machine interaction is made clear -

C. Environmental problems are emphasized to give students realistic insight into
potenti:l\w;ms

'D. Students leariiabout the use and operation of computers.

Perhaps it is interesting to know some decisions made by the E.C.C.P. group about

the character of the course”such as:

A. it should bé a cultural course with technical and scientific content

B. it should not be a vocation2l course em detailed technology and
engineering skills - .

C. it should not replace biology)@»:’;:\sis in high school, but,provide
an alternative course, an

D. it should be written to interest the seventy per cent of high school graduates
who do not take physics. - .

Project Physics, dn the other hand, appears to put less emphasis on this type of

aims but states that the course materials were designed to achieve the following

goals: .

A. To help students to increase their knowledge to the physical world by concen-
trating on the ideas that characterize physics as a science at its best (for
example, the conservation laws), rather than concentrating on isdlated bits
of information (such as the lens formula).

B. To help students see physics as the manysided human activity that it really is.

* This means presenting the subject in historical ¢ultural perspective and showing
. that the ideas of physics have not only-a tradition’, but methods of adaptation
and change. ‘

C. To increase the o}portunity for each student to have immediate rewarding ex-

perience in science whtle gaining knowledge and skill that will be useful ‘
throughout life.-

'D. To recognize the jmportance of the teacher in the educational process, and

the large spectrum of teaching sftuations that prevail. “
E. To make it possible for teachers to adapt the plysics course on the wide range
" of interests and abilities among their students..
All these objectives and the corresponding ¢ourse materials should be carefully
analysed in the first phase. However, next to the analyses of the foreign courses

’

it is extremely important to find out the needs and wishes of the national physics

teachers, research physicists and specialists of education.

Interviewing the physics teachers is not only important because they kno»&thexr
schoolsystem and the needs and wishes of their students better than anyone else, but
they can also value the usefulness and validity of developed ideas and materials
from their own experience. All the work done to the formulation of explicit state-
ments is necessary to achieve that the goals are not Phscure in their meaning so-
that they can be reflected in the textbooks and related instructional materials.

[
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The content and shape of the teaching piocess and
the chojce of the subject matter | o

. Once having formulated the objectives the teaching process must be described,
i.e. the set of learning situations in which pupils, teachers and materials interact
to produce the desired changes in pupils' behaviour.

+ " Inthe first place we have to analyse the instructional procedures and learning
materials developed in the curriculum fnnovation projects from abroad just as the
selected subject matter.. . -

The main problem that arises in the selection of subject matter is to find the balance
between the depth and breadth of its treatment. In thisrtespect, it is always good* ~

" to consider the endpoints of the course first. So, the treatment of high energy physics
as endpoint of the course will refuire, at least in some important aspects, another *
basic knowledge than the treatment of solid state physics, When the chosen end-
points do not need the treatment of a special topic, for instance hydrostatics it is

’ possible to leave it out-of the program. For such a topic, that is not strictly needed

‘ to reach the endpoint of the course you should require that one reason is almost

never enough to put it in the course. There should be at least 4 or 5 reasons.

For the determination of the depth and breadth of treatment of ghe subject matter

‘ Bloom’s taxonomy*of educational objectives can be perhaps of great help. Bloom

4&‘ and cooperators have arranged diffefent classes of behaviour in hierarchical order

X from the simple, i.e. from the recall of specific facts, conventions,’trends and
sequences to the complex, {.e. the judgement of the value of materials in terms
‘of internal evidence and external criteria. ' © '
For example, you can require that pupils only recall the law of conservation of
momentum but you dan also ask them to apply this law in concrete situatiorns,

4 Which is a more difficult task. Much more difficult, however, is to require, as
terminal performance, the ability of fudging a written text about conservation -
laws in terms of logical accuracy and consistency. Using this classification scheme
it seems possible to give the depth and breadth considerations a more quantitative
background. S '

When the developed curriculum s thought of as a set of leatning experiences to
produce changes in the-pupils I am convinced that these changes should not lie in
the field of passive imitation but in the field of creative thinking and acting. We

~ should not force the pupils to think along lines we have in mind, but we should

f.i appreciate and stimulate thern to give their own solutions to the problems we offer,

even’when these solutions are not the best we know. It means that the teacher
should not act like the teacher in the following anecdote, who asked a pupil to
explafn how the hei%ut of a building can be measured with a barometer.
The first answer‘of the pupil was: take the barometer to the roof of the building, ®
tie.it with a rope and sink the barometer till it touches the ground and measure
the length of the rope afterwards. N : : g
The teacher says: you are right but can't you give a solution that shows more under-
standing of physics. - ' '
Pupil: Make a pendulum from the barometer and a piece of rope. Let the baro-
meter swing on the groundfloor and on the roof of the bu'ilding.
* Measure in each case the frequency of the swinging pendulum and calculate the
height of the building from the ratio of these frequencies and the earth-radius.
L= n

-
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Teachern: Again you are right. but the answer is not very accurate and 14 want a. v
more accurate result, - N '

Pupil: Go upstairs 4nd measure the height of the building using the length of the -
barometer a$ unit of lehgth.
Teacher: Is it also. posible to measure the helgh‘@’of the building- with two measur
ments only. ‘\
Pupil: Of course, place the- barometer on. {ite, ground and measure the length of the
- shadow of the_ building and the barometer.-From the ratio of the shadow lengths and
the length of the barometer follows. the height of the building.
Teacher: Try to give a solution without the use of the arbitrary unit of the baro-
meter length.
Pypil: Bring the barometer and a stopwatch to the roof of the building Drop the
batometer from the roof and measure the time that the falling barometer nee\ds
. to reach the ground, e “
© From this time and the acceleration due to the gravitational field the helght of
e the.building can be found. : .
Teacher: Dq you really not understand whatl mean? - ) P
Pupil: ®h'yes, but we know both already the answer that you want to hear but why
am I obliged to think ‘along the lines you have in‘mind? 7 .
Of course this is a rather exaggerated example but it shoys a teaching activgty
&\" " that I do not endorse.”
. “~ The key to understand physics is thinking about Ph)’SlCS. 'I’he emphasis oh»thinking
g demands flexibility of the teacher, because only then it is possible for the pupilﬂ? -
. to follow thejr 6wn routes when ,solving a problem. I believe that it is now widely
<+ . agreed that creative thinking and acting can be best achieved by activities where -
pupils are -gradually allowed to work rather 1ndependently . R
- a 1)
«Aids andtechniques for ev‘alua‘tiori and feed back . T

- As already has been said a new curriculum may be seen as the planning of learnmg
o ¥ }, periences and instructional materials to achieve a set of goals. *
- ther the teaching process has attalned these goals or not is a matterfor evalua- .
idn (S v
. . 'I’he evaluation should be,used to determifie where in the teacher and student
e, activ1t1es and the learning materials can be improved and whether the new curri- o
culum'yorks well for some students but not for others.
In the more recent projects a growing emphasis {s being placed on evaluation,
because this information should be on hand when decisions are ‘made about the
I adoption of new- courses in schodls.) . -* - )
, . . . Forinstance the " Engineerlng Concepts Cumculum Project” and especlally Project =
o ? - Physics] have buiilt into their development work a scientific evaluation-of their

materials, and gf the attitudes and interests of both students.and teachers: This fs

|
’ S {artant, I believe,, becaiise the ¢urriculum developers should know, whetheror =
. ¢ DO x%&; upils find the course enjoyable, and whether or not they have gained some
o und¥standing of. phiysics out of the course. _
_The research methods, instruments anid s,tatistics of the evaluation of a«physrcs eI
project can be found in the repgrt, ~A-tase study in curriculum evaluation: ' y
“Harvard Project Physics”. - : o E
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e Asap example 1 would ilke to draw your attentich to an educatlonal experiment

e

- described in one of the Teacher Resource books of Project Physics. A random selec-
tion’of fifty-three teachers was fade from- a’list of 16. 000 high school teachers in
the'U.$. during the school-year 1968/69. ’I‘hirty-four teachers were assigned to
attend a summer institute and then to teach Project Physics. The remaining nine-
‘tgen teachers were requested to continue teaching what they had been teaching..
"At the end of the course a satisfaction score was deduced from questionnaire
responses. - .
In these questlonnaires the student was asked to indicate as to how far he.was
. likely-to agree with statements as.
~+  a) [ think this physics course, is destgned in such a way that even those who have -~
little background in mathematics can gain much from the course
b) The book was really enjoyable to read =
) 1 think .learning about men and women who made ph)fslcs grow, helped ¢ to make
. the course more interesting
> d) Physics is one of the most difficult courses 1 have taken in high school N c
. €) No matter.how you-tookK at it, physics has to be a difficult course, & !
rsandomly °

-

The teache.rs groups in this evaluation were randomly assigned from a
1~ selected pool sothat the results of the satisfaction scor® can be legitimately
" generalized to the national po,gulation of high school teachers, this in contra-
diction to the results obtained with volunteer groups as used in most cases, . -
.. 1 beliexe that in every new:project more and more self-evaluation should be built, *
. be u&&% have to realise that most of the ideag and staternents about curriculum
- innoviﬁome_nq_mmeihanhypotheaes which should be emplricall,y tested in trial
; : schools op a §cale, as large as possible. 0o ®
. - -Again we may say, that quite a lot of experience about research methods etc 1s
’ stored in the documents of the most recent U.S. and U.K. projects. : )
" . This impliesthat the making of. g invintory will be one of the main tasks in the .
“fitst ‘phase- of purprojéct. ‘ .
. . . @ P

42

,om . . R §

4. “The organ'iza‘iion of the first jhase

' Responsibrlity for the p,roject
. The responsibility for the tctal perect rests with a commission (23 members) which

. is established to modemize the Dutch physics curricula for secondary schools. This

e commission of national stature exists about six years and is appointed by the Ministry

* of Education. The membership of this commission includes university physicists,
physics teachers, teacher trainers and-inspectors of educatfon.
_In fact this commission has delegated its responsibility for the-project to a subcom-
" mission (9 members), This subcommission, enlarged with some specialists in social
pedagogical reseatch, is the adv1sory board for the projectgroup

- -

;’3‘

The advisory board

This board consisfs of physlcs\teachers (to represent the prlme users) physicists (to -
‘guarantee the up-to-dateness and gecuracy of ,the course materials), teacher trainers
& o M .o
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o (to disauss with the project group the ways in&n the teachers can be helped to
" use the materials developed) ,a psychologist ({#assist in the evaluation of the ' .

effectiveness of the course materials) and educational specialists with expetience

in curriculum, innovation (to assist in the set-up of the second and third phases of

‘the project)

~'I’he pro_|ect group

i

For the first phase a project group will be formed consisting of Tt ‘o

1) three*full-time curriculum developers (selected from the most able physics -
teachers available), -

2) one part-time psychologist or sociologlst with methodology as specialism : |

‘3) one secretary . |

The project group will be housed in the Physics Laboratory of the State Universtty

of Utrecht and will work in close cooperation with its department for training of

physics teachers and educationai research.

; : |

Costs and duration of the first phase x ‘ ' |
'I’he first phase will start in Apgust-T972 and will last about one year. The costs }
of this phas\e are about £400000, - (or app 125000 dollars), including the salaries - (‘/“‘
of the curriculum developers. Financial support will be given by a-natienal foun- ' |
dation for educational research. (S. V. 0.) |
The costs of thes‘ke}c[c’)nd and third phase will be at least twice as much per annum,
because then the project group will be enlarged with teachers of trial schools with -

" reduced teaching co'mmitment. 8

. |

Tasks of the members of the project group % e g
- "¢ The tasks of the members of the project group follow from the aétivities in the |
. first phase as described already. For each of the full-time physicists a working |
scheme has been designed,in which the activities that are expeeted from him, are ‘

given from week to week. Of course, this scheme is only a rough outline, but the |

- . . designing of such a scheme forces the advisory board to consider in defa}l the N |
realizability of every sub phase in the first year., Moreover this scherfie is very L
useful during the formation of the pro_|ect group,” because every applicant can read |
|

|

\

|

|

|

- ¢

. ‘beforehand what is expected from him during the first phase. The paft-time
psychologist is mainly concerried. with the evaluation of the effectivehess of the
course mhterials.’ Furthermore he has to prepare the documentation on'educational
psychology arid sociology in order to supply the other members of the group with

Z< - relevant data éoncerning the effects of tests and evaluations, group dynamics,
- learning processes, the formulation of explicit objectives and so on, >

- Task of the university group

q

The university group of the Physics Laboratory of Utrecht will provide the 'project
group with advice, help and guidance’ during the execution of the successive phases.

- - *
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The leader of the university group is a member of the advisory board and he is
chargedwith the special task to clogely supervise the project group.
n order to give some {nsight in the know-how of the members of the university
group it is perhaps useful t tion some of their daily activities.
They are physicists and res%m thejeducational part of the training of thé

i physics teaghers graduating from the Utrej}lt university. Furthermoye they develop
‘demonstratien experiments and experiments for student lab-work on secondary
school and university level. They also try jo stimulate didactlc renovations of the
physics education at these levels.-
_This group has Built up good relations with secondary school physics teachers by
organizing regularly different types of ifi=service training such as: conferences

. about didactics of .physics, local meetings of Ms teachers, subject matter "

courses and so on. “ :
Moreover they provide the teachers with all sorts of advice'on new apparatus for
demonstration experiments, student lab-work, equipment of student labora-/
tories etc. -
This know-how, rather unique in the Netherlands, is at the service of the: project
group. . It should be noted that the time spent on project activities by the university
group will be compensated by an expansion of staff paid by the project funds.

Responsibilities and tasks for the advisory board

The advisoty board is charged with
1) the qualfty control of the project results M'
2) the financial control - ‘-
3) the responsibility for the execution of the plans according to scheme and the
reporting of the results in good time - , -

4) the personnel management of the project group.
- From these responsibilities it follows that the advisoty board hds to select the

curriculum developers and it is-clear that the choice of the deve'lopers is one of

the key tasks in the whole project,
. This because experience teaches that the success of a project is determined in the
- fitst place by the quality of the curriculum developers and only in the second place. -
by the approach of the project and the efficiency of the organisation scheme.

dvisory board fnust also make a decision, conmdenng the funds avallable how °
to %olve teachers in the ct.
Fof instance you can spend fnuch money, time and effort to-involve a large number !
of physics teachers in the project right from the beginning. In that tase, however,
you can only afford to give these teachers small reductions of their teaching com-
mitments as compensation for their time spent on project activities.
On the other hand you can spend the major part-of your money and effort on a
small number of carefully selected teachers. In that case you can give them far-
going facilities concerning their teaching commitments so that they become, in
_ fact, part-time members of the project group. ,
‘ in our project this is still under discussion. Anyhow, the major part of the advisory ng
board is convinced of the importance of the involvement of physics teachers on a
scale és.large as posmble;in all phases, to ensure the auality of the feedback and

<
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to-stimulate the interest of the teachers in the project results. This st&egpoint is
. for instance supported by the Nuffield group. They experienced that neW ideas
®  were quite as much due to the teachers as to the members of the project
- group. '
One of the possibilities to ensure the influence and interest of a large number of
teachers is the forming of local groups of physics teachers. which. will meet regu- .
larly to discuss the progress of the project. The leader of such a local group should
be a successful teacher who should be given reduced teaching commitments.
Teachers journals or perhaps a bulletin issued by the project group should report
the discussion results-of the local groups, so that every teacher can follow the
project closely. -
The local groups should bé spread over the whole country so that they can act as
point sources (according to Huygens' principle) from which the waves of curriculum
reform emerge.
Of course the final examinations of our seco,ndary schooly will be modi‘fled to
match the new curriculuri, first {n the trial schools only and later on in all other
schools adopting this curriculum. '
This impl s has been said before, that the project activities should include o

the expdcted results. : N

~
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(Because of thé thematic connections between the papers of Mr HOOYMAYERS v
and of Mr. THOMSEN the two discussions were combined. j 3 ’

M. THOMSEN;has shown statistics about the freqqency of physical concepts in a

_Pewspaper (table VI of his paper). It is commented hx Mr. ROGERS that-the physical
_(, concepts tisted there are not independent of each othet. '

Mr. THOMSEN answers that these statistics are to be regarded as a first trial. Never-

+  theless, the dominance of the concepts energy” and "radiodctivity” ig evident. He

feels that a more systematic investigation would be important. - As his basic idea

the author expressed.that the teaching of physics in school should enable the stu-

dents to adjust themselves to modern society and make it possible for them later .

in their lives to keep themselves informed of new progress in sciehce and teghatdue """

‘through modern sources of information, such as newspapers, radio and. TV, It is -

objected, however, that students of this age do not read newspapers very oftenand

that therefore the possibility of causing a strong motivation of the students should

not be overestimated. It is proposed to include that literature into the investigation,

which the children actually read in this age. Then it is discussed to which amaunt ‘.

. those concepts, which are relevant for the everyday-life of adults, are to be taught
to children. Mr: LORIA feels that the investigation should be extended over a
longer period of time; -otherwise the momentary fashion (which also exists for
scientific topics the public-is interested in) would cause a wrong selection of
subjects.. f.
It is asked, whether astronomy could be included in the syllabus. Mr. THOMSEN
answers that astronomy is not included in the.compulsory course, but in the future
it might be offered as a voluntary subject. Mr. ROGERS warns that one must not
- include the superabundanceé of nice and wonderful subjects which too many kind
people want to press into a project. but to restrict a project to subJects of general
importance. .
Mr. SVANTESSON remarks to both the papers of Mr, HOOYMAYERS and-
Mr. THOMSEN that at first attention should be given to the problem of implemen-

» tation. There were many curriculum reforms, and nothing happened in the class- i
room. The knowledge of what has to be put into a reform is already very high. At~
Goteborg they eould not afford to.make a great curriculum, and therefore they -
adapted and implemented the SCIS program. He emphasizes that the process of
implementation must not end with the distribution of the material; the reaction
of the teachers and of the parents must be considered, a continuous touch to the
teachers and a centinuous revision of the material are necessary. .
Mr. HOOYMAYERS is asked, how it could be enabled that many teachers will
contribute to the new curriculum and will therefore have a reduced commitment
in teaching: the shortage of teachers is said to be great. He responds that in the

/Netherlands they wiil put ‘with this disadvantage in order to get a good curriculum.
Besides it is hoped that after two years no shortage of teachers will exist any longer.
- He alsofeels that the problems of the implementation must be strongly considered,

- (%Y
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Much information from the beginning of the p|'01ect is intended. They are rea-

zpning to trafri a group of teachers and then to spreadthem all over the country.

e hopes that the teachers will have the idea that the pace, of the project is

| effected by themselves and that they so will have a strong stimulation; he does

| hope that a planned change of the ideas about physics teaching will occur, How-

| ever, it willnot be possible to establish direct contact to all the physics teachers

| of the country.

| ' Mr. HOOYMAYERS is asked about the new aims and contents of the Dutch currf-

' ‘ culum. He answers that the first phase of the project starting in August 19727is-
provided for the formulation of explicit objectives, the selection of the subject -
matter, the tea¢hing techniques, and the teachirig proc¢dure: Provisional courses
already exist. - The question for the general aims of the Dutch'project is repeated,

*.  "Heré Mr. ROGERS and Mr. BAEZ remark that it is difficult to produce a curricu-

. lum in such a manrier that the aims of the start are actually realized. They
remind of the example of PSSC. Its staff announced that they wanted somethlng
and then they achieved something different.

Mrs. WOOD, who was involved in the PSNS project, reports that it was decided
there to have precisely described aims. The whole story of the production of this
course from the beginning to its completion is written in the final report of the
PSNS project: ‘What was aimed, what actualiy happened and what the steps were.

A4 »
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Emilia Constantinescu

The basic ideas of physics in the elemgntar'y schools  #

v B * . .
1, The theoretical condition of research 4 :
Research hypothesis ' e ’

At the Institute of Pedagogical Sciences, Bucharest, Romania, researches with a
view to improving the teaching of physlcs in school were based on the following
hypothesis:
- one of the principal modalities to solve the contradiction between the huge
» amount of information constantly accumplated by-science and fhe capacity -
relatively steady - of pupils to assimilate this information is by emphasizing the
g formative function of learnlng : . .
' This would imply: -
- development of the pupils ablllty to acquire knowledge and development of their _,
creative capacity; :
- assimilation of the basic concepts and procedures of scientific investigation; -
* - acquiring of the habit of independently storlngfup new information and elabora-
ting new modalities of .action.
On these lines, a modern course in physics should provide the pupils with:" «
- the system of concepts required for understanding and interpreting thie physicai
reali '
- the mt}ethodology of this science, f.e. the system of its methods of knowledge
based on the very. system of the most general laws and fundamentals of physics.
Application of this work hypothesis to curricula and textbooks would require:
- securing of a logical structure of information which should reflect the unity of
this-#cience by avoiding excessive sectioning, repetitions and contradictions.
The organic and normal blending of classical and modern physics into one single
organized system - physics - by reconsidering all notions from the vfewpomt
| of new scientific developments. .
.~ - - Assimilation in the contents of school physxcs of the methodology specific to the
| present Ievel of scientific progress. The process of learning should be stampéd
| with operativeness, that is one should first get acquainted with some working s
. methods liable to being steadily 1mproved and r‘estructured in terms of the
% requirements of science;
- ‘explicit presentation of both the structure of the system of knowledge and its
methodology so that the puplls could use the notions of physics in a conscious
. manner; '
- teaching of notions throughout school by successive approximatlons so that these
notions be perpetually completed and enlarged without being essentially replaced

¢
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-understanding of the .meaning of such notions as: observation.” experiment, measure4

Curricula shouid be structured in such a way as to assure continuity of learning
at all levels of teaching physics so that each grade should benefit to the utmost
by the knowledge and abilities formerly acquired pointing to analogies and .

facilitating transfers between the various fields approached.

AR
' R

The basic concepts of physl.cs

Applications of these views to the experimental eurricula and textbooks raised the
problem of the selection criteria of informatien. As a matter of fact the main
criterion was the extent to which the respective information can contribute to
achieving the goalg aimed at.

In this way, we included fn our curricula the basic notibns i. e, the notions indispen-
sable for a course in physics to have a unitary structure. We eliminated the "closed”
notions i.e. the notions which are not necessary prerequisites for the understanding

of further information (and are usually taught merely to increase the volume of
knowledge)

We assumed that the understanding of present-day physlcs is based on the following
notions which should be taught from the very first lessons of physics: matter with

its two structural aspects,- the substance and the field; motion;‘energy; physical .
system - the fdea of structure and interaction inclugded; physical phenomenon;
physical maggitude (scalar, vectorial; of state, of process); physical law; observa-
tion; experiment, measurement; modelling (similar, analogous), etc. P
The great methodological value of these categorles lies in their applicabiljty to |
almost all the realms of science thus facilitating the transfer of information from
physics - whose study begins much earlier - to other subjects so that one may deve-
lop some systems of knowledge integration both along intradisciplinary and inter-
disciplinary lines. .
Evidently, in theSelection of physical lnformation *stress was laid on the basic . .
notions specific to physics so that these notions should be, as much as possible,
integrated into the fundamentals mentioned earlfer, .
Viewed from this point it was sometimes necessary to make concesslons = in point

of unity of structure to assure the accessibility of in'formatlon. Vo

-

L 4

-

Elenrents of physics
Methodology ' ‘ -

‘The pupils’ approach to the study of physics by simultaneously performlng a succes-
sion of experiments from the main chapters of this discipline was'viewed as a means
of putttng them in touch right frpm the very beginning with the work specific to a
physics laboratory, to familiarize them with the basic aspects of investigation- in
this field and to enable them to get those representations required by an accurate

ment, phenomeno,h physical magnitude, physical law, etc. Experiments could

consist in the megsurement of lengths with the ruler, of volumes with a graduated
measuring glass, jrelease and observation of some phenomena like boiling and mel-
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.. ting..image formation in plane mirrors, electrization of bodies, behaviour of
bodies sunk in liquids (water, oil). etc.

The method of work during these first lessons when the pupils’ practical activity
replaces the teacher's demonstrations, becomes subsequently an ordinary way of
learning (obviously only if the subject studied would permit it). The pupils per-
forming some experiments, as a starting point in acquiring information and not
simply as the application of kngwledge already acquired, stimulate the active
character of the progess-of learning; in this way each lesson becomes an’experi-
mentaf lesson, affording actual learning through discovery. The construction of
lessons, as shown above, is a first step toward the formation of prerequisites that
‘ would allow pupils in some future stage to develop an experimental activity much
g moreé diversified.

2. Structuring of experimental curriculum according to our hypothesis

On the view of the ideas previously discyssed, experimental curricula in physicsin

the grades 6-8 (11314 year old pupils) have the following structure:

- gradé 6: 1) Pupils' approach to the’study of physics by sim#le experiments;

L the object and methods of physics; 2y Notions of the structure of substance;

3) Elements of mechanics, :

- grade 7: 1) Mechanics of solid bodies; 2)'Fluid mechanics; 3) Thermal proper-
ties of the substance.

- grade 8: 1) Osgillations and mechanical waves; 2) Electricity; 3) Notions of
geometrical-pptics (Experimental curricula for grades 6-8 are shown in the
appendix). :

try to point to the way in which our views have been applied.
Sixth-graders’ approach to-physics is made, as already reported, by a series of
_.experiments from the main chapters of this discipline so as to familiarize them
“with the elements of ‘physics methodology.
On the ground of the experiments made during the first lesson, some basic notions
such as observation, experiment, phenomenon, magnitude, law,etc. (already
discussed above) are explained in respect to the agsimilation capacity of the sixth
graders. Further, the object of physics is defined and the structure of the course in
physics as a whole is being outlined.

!

The notion of structure

Substanice, The next chapter entitled "Structural Notion of the Substance” is highly
important as it is the first step to the understanding of the notion of matter. The.
pupils become familiar with the structure of substance and the notion of particle,
the lessons being taught at the level of their understanding capacity i. e, that of
11-12 year-old children. Thus the atom is discussed on the analogy of the solar
system pattern (known by the pupils from the study of geography in the sixth form).
The presence of the various types of atoms (over one hundred) is explained by
their peculiar structure, the very*great number of substances resulting from the

- different grouping of atoms into molegules, molecular 1n§qra'c?ions (cohesion and

.t .
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repelling) explain also the grouping of molecules. and the occurence of: inter- oo
molecular spaces; with the phenomenon of diffusion the pupils come to'know the « @ 7'
natural notion of molecules. In this way, frgm this early stage in the study of
physics, the pupils start getting familiar with the notions df structure, interaction,
and the substantial aspect of matter. In this way they can realize that motion is a -
_natural attribute of substance manifesting itself in the very essence of the latter.
Field. It is obvious, however, that a definite outline of the notion of matter is
highly necessary for the knowledge of its other structural aspect, namely field.
We assumed (and this is a déviation from the "perfect" structure of the curricu-
lum) that because of the difficulty of understanding this notion it would be better

. to introduce it when studying some phenomena in which the field - as a basis for '
interactions - could be better demonstrated, the pupils imagining its existence as
a necessary hypothesis for the explanation of pienomena. In our curriculum this
element appears when dealing with gravitation (the.chapter on "Force") when .
instead of outdated theories (e. g. action at a distance) it is admitted that there -
should exist a form of matter as the basts of this interaction,” The “"gravitational
field” pattern thus built will be further used in approaching potential - conser-
vative - fields (e. g. in a study on the analogy of the electric potential). The
notion of field as employed in the teaching of physics in all grades will, by succes-
‘sive approximations, acquire all the attributes that determine it (s'calar, vectorial,
uniform, stationary field; the field-particle unity; transformation of field into
substance and the reverse process so that it will finally be full outlined and und
stood. | e
Motion, Let us go back again to the progress of the experimental curriculum. -The
notion of motion is expounded upon in the section on "Mechanics”. In the intro-
ductory chapter; the viewpoints from which mechanic motion in kinematics,
dynamics, and statics should be approached, are set forth.
In dealing with kinematics after specifying the elements characteristic of mecha-
nical motion (path, relationship between space and time), motions are classified
in terms of these elements. Further, each type of motion is detailed out,
Scalar magnitudes.
Vector magnitudes.
The study of velocity in-the uniform rectilinear movement is the right moment
for discussing vector magnitude, stress being laid on the fact that knowledge of
the velgcity of a mobile is conditioned not only by its numerical value but also
its orfentation in space (direction and sense). Finally, the graphic model of the
wector is presented.
On these pl'emisses after the necessary mathematlcal rules will be gradually
learned in higher grades, the analytical representation and the mathematical

. model of the vector will be taught as well. Lt

*For sixth-graders the understanding of the¢ notion of vect@r is an efficient tool in
acquiring furfher knowledge. A study of the changes occurring in the state of

v motion of the mobile (a varied rectilinear motiony leads to the notion of velocity

variation and acceleration of the directional magnitude. 1n this way the basis is

~ laid for the understanding of the curvilinear movement and later on of the depen-

. dencies between force - as a directional magnitude - and velocity vaiiation, aiso ¢

as a directional magnitude (the chapter on “Dynamics"). Generally speaking,
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" tude that bridges the way to the other realms of physics (

-~

first they are being dealt with (and not as scalpr magnitudes as it is still customarily
4

a real understanding of vectorknagnltudesdrn}};ies treating as such from the very”

done in the eightgrade school).

Energy. The next chapter deals with*the notion that underlines all knowledge in

this chapter. Although the basic, primitive notion is mech ergy, a magni-
icity, optics),

it is not possible yet to circumscribe information to this mggnitude because sixth-

graders lack the notions that can precisely delimit it i, e. [pechanical work and

force. For these pupils (sixth-graders) it is necessary to stjifcture the elements of

dynamics on the notian of force, since the chapter on kingmatics prepares them

to understand it by resorting to thenotion of velocity yectgr and velocity variation,

Thre notion of force has also the advantage of being thtuitine and its effecty = .

dynamic and static - can be easily demonstrated by simple dxperiments. By@

study of force pupils can get .acquainted with other notions: inertia, mass, Yl

mass (density), and as mentioned earlier, the gravitational field. tOE

In the seventh form, magnitudes are.discussed based on the noion of force, mechani-

cal work and strength. A careful analysis of the notion of mechanical work enables

one to past on to the most important magnitude in mechanics ) namely mechanical

‘energy and furthermore, through transfer, to the notion of enefgy in any section

of physics. An outline of the notion of mechanical energy invplves elucidation of

what mechanical system means. Only in this ‘way (giving as piany conclusive examp-

es as possible), a correct definition of potential enetgy cafi be formulated for

processes in which field interaction prevails - as beifg the energy of a system due

to the possible motion of its constituent parts.

Knowledge of mechanical energy is best applied in the_chaptef covering the "Ther-

mal properties of the substance”. "Heat" is shown as a mede.of energy transiissian

An approach to this chapter is made by discussing the notion of internal energy,

According to it. bodies contain nothing, mysterious called "heat” . but only internals

energy: they may receive or transmu/a]ergy through’ thermal motion. -

On these lines, temperature.is not/discussed as "the state of heating” of a body, but

as a magnitude of the average kingtic energy of the molecules which are subject

to random motion. .
In the eight form, the meaning o many notions previously approached is being
elucidated, completed and more thoroughly dealt with. In the er on " Oscil-

lations and mechanic wav;s‘; acoustics” stress is laid on the continucus - ondulating
adpect of matter.. Under “Electricity” the el&ctric field and the magnetic field are
discussed as well as the relationship between electric and magnetic phenomena

_ Pupils may go deeper into the notion of field so that the unity between the two '

aspects of matter, substance-field. can be emphasized. In the chapter regarding
the "Electrokinetics”, the study of electromagnetic phenomena - as interactions
of the magnetic field with electric conductors - points to the fact that in case of
these phenomena the meagnetic field has no influence on the-electric current N
(which is a process) but only on the conductors in an electrokinetic state. The
notion of energy is better understood by studying the electric potential on the
analogy of mechanical potential energy. :

The notions of optics, which conclude the eight-grade. curriculum, resort to the
informatlon stored in the chapters on "Oscillations and Waves" and "Electricxty"

o 95

L

P
] _



views ofi the teaching of the bastc notfons of physics in the etght grade schoo s
have/been applied to our curricula. The results obtained by testing these curri-

* culy with the help of some textbooks also worked out by the Institute of Pedagogi

-

v _ (< A
Draft curriéulum in physics for the qlementarylschools ) . " oy
1. Pupils’ approach to the stiady of physics by simple exPertme}:-fs

Experiments performed simultaneously by the whole class. Phygical pheno-
mena, measuring, physieal law. Physics as a science of nature. Research
methods in Physics. The importance of physics in the knowledge of natural
phenomena and technology:

2. - Structural elements of the substance e . ) T

2.T  Notions of the structure of substance : ' ’ L
2.1.1 Introduction® . - . .0y,
2.1.2 The atom; the structure of the atom.-The molecule. Stmple and complezp e

- substances. . -
2.1.3 Molecular interactions . ’

Molecular attraction (cohesion): Molecular repellence. Interholecular .
gpaces. Molecular movement. -

2.1.4 Body, object. s
Speciatl properties of the bodies General properties of the bodies

(Divisibility, expansion, tmpenetrabtltty, state of aggregation and inertia). .
2.1.5" “The states of aggregation explaifed wtth the help of knowledge of-the: - i
, structure of substance
- 3. Elements of mechanics " .
3.1 Introduction - : : vt
The object of mechantcs. Mechantcal motion. -
' Relativity of mofion and rest. o J

‘The chapters of mechanics.
Some notions of kinematfcs.
1 Elements of motion. Measuring of space and time s physica} magnitudes.
#Classification .of motions by path and the space/time ratfo.
3.2.2 Uniform recttltpear motion. Velocity of uniform rectilinear motion.
Velocity*measuring units. The ‘velocity/ space and the time ratio.
3.2.3 Velocity, as vectogmagnttude .
Characteristic elements of a vector. Graphic representatton of a vector.
Comparing vectors.
3.2.4 Varied rectilinear motion. Velocity variation.

2
2.

N Accelerated-and decelerated motion.
, Mean velocity. ’ ~
3.2.5 Circular motion. : ° .
Uniform circular motion, Fn -
96
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*  3.2.8 Oscillating motion periodic motion '
"+, 8,8" Some notions of dynamics. .
3.3.1 “Force as body-interaction, '
, 3,__3. Z Law of inertia. Mass. Measuring of mass.

Mass measuring unit. , Density.
‘ . Body dengity- experimentally determined.
. 3.3.3 Force as vectpr magnitude.
13.8.4' Effects of force: a) static - body deformation; b) dynamic - velocity
vector variation. Force/velocity vector variation ratio.
Measuring force. - : . - ' :
Force measuring units.
. 3.3.5 Gravitational foree (gravity), Gravitational field.
Pressure. Pressure measuring units,
3. 6. Friction force. .
.3.7 Centripetal force and centri fugal force.
“Applications. : . .
.Elementary notions of rigid body m tiBn. .
Translation and rotation. °

)
d
®

~

4. Mechanics of solid bodies-
4.1 Energy and mechanical work - ‘ ' S
4.1.1 Mechinical work. Measuring units of mechanical work.

. 4.1.2 Mechanical force, Fdrce measuring units. Mean Jorce. . - ’

! Effic{éncy of machines. - ‘
4.1.3 Mecharical energy. Mechanical system. Kinetic and potentlalenergy , v

* Law/of energy transformation and conservation in mechanical processes, = -’

4.2 Staftics . . '_/*‘

, cenfe of gravity Significance of knowledge of the. .centre of gravity of
the fody. .
4.2.2 Equilibrium of suspended and supported bodies. St.abrlity of supported ,
bodigs. d .

4.2, 3 Simple machrnes Levers. Sheaves, Inclined plane. Wedge and screw.
Efficiency of simple machines. .- ' )
5, Fluid mechanics . L
5.1  Statics of flufds (Hydrostatics) ' .
5.1.1 General properties of fluids < . .
5.7.2 Hydrostafic pressure : S i
5,1.8 Transmission of pressure through fluids Pascal s law,
.Communication vessels. Practical appligations of the principle of
. communication vessels (level gauge, artestan wells, sluices; hydraulic press,
) etc.).
5\1 .4 Presiure forces actrng ona solrd body subk in a liquid?
. Archimedes’ law. Testing of Archimédes’ law Floating of bodies, . -
. = - Applications of Archimedes’ law. » o
5.2  Statics of gases (Aerostatics) S -t L
5.2.1 Afr pressure. Determrnation of arr pressure value. Barometer )
‘ o . .
L3 * “‘ +
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§.2.2 ' Compressed and’air-free gages. Compression pumps and suctlon pumps ‘v
Measuring instruments for gas pressure (manometers). : }
Pumis for liquids. Suction pump and suction repelling pump.
 5.2.3 Afchimedes’ law applied to gases. Archimedes’ law experimentally
- - chec }éd Baroscope. Practical importance of Archimedes’ law: aerostats,
) regjstering ballons, dirigibles.
6. - Infema} ener '
6.1 ° Introduction. Internal energy. Heat asa form of energy transmlssion
“»from one body to the other,
- e On temperature and the quantity of heat, Measiring the quantity of heat;
) ' _ calorimeter; Law of ener »transfm’mation and conservation in mechanical
and thermal processes.
"+ 6.2  Transmission of thex‘mabgne .- Saurces ofAthermal energy. Thermal

conductivity, convecti¢h and dlatnon
6.3  Expansion of solids, fluid$ and ga¥es. °~ - _n
Measufing of temperature. Thermometers. ' s
- 6.4  Alteration of the state{sf aggregatlon . , -
R . Melting and salidificatién, . ‘
*Vaporization ard evaporation. o -
- “ Condensation and distillation. . :
Oscillations and mechanical waves, Accoustics, .
.1 Oscillating motion. ® : - .
.1.1 Specific magnitudes of oscillating motion . \ :
Diagram of oscillating motion. o
.1,2 Free oscillatidns; damped gscillations, B
.1.3 Forced oscillations; mechanica)’ resonance. &{ R
.1.4 The pendulum. -Applications. = .
2 Propagation of oscillations in an elastic medium. . ~—
Transversal and longitudinal waves. '
Accoustics. v o, v
1 Sound production ¥nd propagation. T . .
.2 Properties of sound.
.3 Sound reflection. ~ .
.4 Accoustic resonance; apphcatnons .
Electricitz , .
i Electroaccoustlcs .k
" Introduction o
2 Electrization of bodies. Interaction of electrized bodies. Electrostatlc
field. Conductive and non-conductive bodies. Electronic interpretation
- of body electrization. :
.3 Electric potentla'l -potential differences..
4 Electrostatic devices (Van de Graff).
Electrokinetics. ’
1 Electric current production. Electric generators.. ‘
Electric circuit; sense of current. Electronic interpretatiop of the electric

current. ‘Effect of electric current, >
| 2 . b
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8.2.2 Current intensity, Current intensity. mea,su\ing unit; Amper (SI).

"' Constant of non-branched current intensity resulting, from the conservation
of the quantity, of electricity, .

8.2.3 Electric tension between two points of the circuit. ~
* . Resistance of conductors, Resistance’unit Chm._Ohm's law for a portion o
" of the circuit. Series and parallel arrangements. .

8.2.4 Electric energy. The energy deyeloped in a circuit through which an
electric current is passed. Elgctric energy nnit; Joule (watt sec).
Electric power, .Power unit: the watt. Multiples used in practice.
, Kildwatt ¢forzpower), kilowatt-hour (for energy). Electrocaloric effect.
Joule's law; applications. .
8.2.5 Ghemical effect of electric current. Electrolysis and its technical
applications (in short).,
» 8.3  Electromafnetism. /7N
8.3.1 Magnets, intetaction of magnets.. Magne.tic ﬁeld Th.g“magnetic field
of the Earth. The compass.
8.3.2 Magnetic field induced by an electric current. Electromagnets technical
- -, applications. -
8.3.3 'Effect of a m?gnetic field on a conductor through which an electric _
current*is pagse Electromagnetic force. Fufidamentals of the electromotor. .
Notiofs of optics. ’
- The nature of light. \\ N
Propagation of light.
Sources of light. Rectilinear propagﬁtion of light. Velocity of light.
Shade and half-shade. .
9.3  Reflection of light.
Reﬂection laws. Plane mirrors. Iprages in plane mirrors,
Spherical mirrors. Images in spherical mirrors, Application of plane

.

0 WO O

. .. mirrors and spherical mirrors. @ &
9.4 Refraction of light. '
« Refraction laws, Prism. Converging and diverging lenses. Images in lenses.
9.5 Optical instruments and apparatus. .
* The Camera. The eye as-an optic device. Projec¢tor. Cinema. .
b Magnifying glass. Microscope oo . ¢ ,
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3 . . * .
Problen;s of teaching physics concepts to New Guinea students
(Paper read by,E. Balasubramaniam) . L- .t
. 1 L . .7
~ ! N - ' -

In the continuing study of sgience two important greas of knowledge and under~ .
standirig have been uncovered; the one to do with materials; the other t6~do with
man. Ever since civilized communities begin there have been intimgte relation- :
ships between men and the material fabric of their existence. For instance, the -*
effectiveness of the boomerangus determfined not only by its physical characteristics
- shape, weight, angle of twist, type of wood and so forth, ‘but also by the physical
and mental attributes of the thrower = motor skills, attitudes:controlling the use of
the boomerang and knowledge of the situation in which the weapon is to be’ '
used. . T :

Similarly, the development of these man-machine systems may be traced to pre-
sent day. Thys the boomerang has been replaced by intercontinental missiles with
hydrogen war heads and a sophisticated agression detection and control analysis

g system for 2iding man in his decision making process, whether or not to strike, to

kill or be killed. But what ever the degree of complexity, man still makes a simple
"+ final yes/no decision. [pn the one case the Aborigine has obtained his supper; in the
otfier many will be denied their last supper. o :
It is the understanding of the basic 13ws of the Universe and the understanding of
behaviour and the social sciences that permit us not to be slaves to a machine.

*  Our presgnt attainments have been reached largely* onfthe basis of an,undgrstanding

" of the natural laws and the application of these laws to devising lmproveﬁ and ‘more
efficient machines‘that can produce increasingly more goods or services for lower
and lower costs, for we have not until relatively recently’begun to seriously con-

. » sider making machines as man’s slave. ,
It is hoped therefore that students not only acquire the motor skill:to build roads,
power stations, factories and cities, but also achieve an understanding of the basic
sciences governing the laws ofythese materials as well as the social sciences; thus
they ﬁl indeed be working slowly but steadily toward satisfying the dé€eper needs
of life. ' . o e o
Our immediate problem is to devise a teaching-learning environment which will =
meet the needs of those who are_influenced by it until well into the twenty-first
century. The problemis similar to that of trying to predict from a picture of tife
a generation ago the -nature of lifetoday.

_Although education has traditionally chadged and evolved with time, there are a
number of indications that the next twenty years will witness changes which are |
different and more revolutionary than those in-the past. The causes are on-the one
hand, the technological revolution which'is forcing society and commercial and
educational enterprises into dynamic formg,of behaviour and, on the other, the
emergence of higher education as'a major competitive and economic force.
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These trends will chirfge both the form and the context of education and training.

The central problem pf education is to anticipate the new situations and to train

technologists capabl¢ of coping with them. As a consequence, educators are con-

fronted with severa} key problems. They are summarised below:

A. They must be aple to foresee and prepare for the changing relationship
between the trdined technologist and his environment. ©

B. They must-understand and ¢nterpret the changing nature of education and
training. ‘ -0 .

C..They must be active in developing the et%étlon'al‘ technology needed by a

. /\ changing sogiety, . —)
D. They must trath and educate for a largel Yunknown future: .
*  E. They mus{/ provide graduates with skills and opportunities for career long
learning. SR . R
A formal hi

- School #pd Higher Learning Institution and Society.
At both interfaces'there are complex problems caused by different expectations
and sysjths of values. But one thing is certain, the more successfulsof the-graduates
of a higher learnfng environment are those. whose motivational characteristics are
" such as fo drive them to captinue their own education. They have learned'ﬁ /
learn without the continuing aid of theis teachers or tutors, * . P
' In a rapidly changing society such as-P{pua/New Guinea, the knowiedge, skills
and igsights which are accentable by graduates at the time of graduation tend to
decay unless they are continuously utili. ed and replaced. ’
The/Papua and New Guinea fhstitute of Technology realizing its responsibilities
as the only institution that trains professional engineers, surveyots and architects .
in/the territory, hopes to give students,an ynderstanding of the fundamental con-
ckpts of Science as well as training them fowards self learning in order to be highly
elevant to the particular soddety in which they will pradtise their professions.. ’
Papua New Guined has an even shorter ‘history of science.education than most ) |
developing countries in the world. It was only in the 1930's that the inhabitants . >

.

er learning environment may be cﬁ'aracterizedrby/tﬂo interfaces /

RN

of the Highlands of New Guinea were discovered and only recently has law and
order been established in some areas.-
Considering the.country’s short history, education has been quickly established
and secondary schools were started in 1957, It was not however untjl 1960 that -
Science was introduced to the high school syllabus, Because of Papua New Guinea’s
close ties with Australia, the science syllabuses since then have been strongly
influenced by Australian secondary schoel science courses, especially those of
. ew South Wales. An independent science syllabus is however gradually being '
/“::eveloped as experience and manpower become available.. .
A number of studies have been made of the development of the scientific conepts
K among Papua New Guinea students., Generally these have tended to be based on
~Plaget’s work and have-shown that concepts of conservation tend to be grasped by
" a student some years later than expected in a western society. Such results raise
problems for advanced tertiary science teaching. .7
Students enter engineering courses at the Papua and New Guinea Institute of
Technology after a minimum’of six years primary education followed by four’

3
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edgcation. There was one such Senior High School in the Territory in 1971 and™
another openéd at the comrnencement of this year. : i
This Physics Department has been using tests developed by the Australian Council
for Pducational Research (Af:. E.R,) to determine students’ readfness for further
studies of physics. These tests are designed to test fundamental generalizations
upon which further concepts can be developed.

Results indicate that students at entry to the Instituje have a background of science
concepts similar to that of an equivalent Australian student about one year earlier
in his education. Teaching at the Institute tends to reduce this gap noticeably in
the first two years. ’ . o
No obvious.cultural differences have been observed in background.knowledge of
scientific genetalizations. As practically all science education is by expatriate .
European staff using only English as the medium of instruction, this lack of cultural
variations may be the result of the education process, showing that only those
students who l?d adapted to the western style scientific education have been select-
ed for engineéring courses at the Institute. Some cultural differences may be dis-
cernible if testing were performed on the much wider population of all high school
students in Papua 'New Guinea. . : o
Although students selected for the Institute are from the upper ability group their
knowledge of scientific generalizations is well below that expected’of a tertiary
student in’a developed country. As a result much of the instruction during the first
two years at the Institute is closer to that expected during secondary education in

a western culture. - -

As mechanics forms a mafor part of the early physics coursg-there is a strong ten-
dency to follow the P.S.S.C. approach, particularly intefiratidg experinfents with
formal lectures and less formal tutorial work. ’

Because of the generally mountainous terrain in New Guinea the basic cencepts
involved in uniform motion on plane surfaces need careful development. Fimstly *°
plane surfaces are uncommon in the Mllages and motion of objects normally ob-
served (e. g. rocks rolling over th¢ ground) is far from being uniform. It is a big
stepfrom natural phenomena to/the idealized world of rectilinear propagation. _
Similaf largé conceptual steps iill be found to be necessary for many areas of
physics. For example electricfty is unknown in most viltages and the only ex-
periences students have had of its existence are through their formal high schpol
teaching. It is hoped, however,after three years at the Institute, that students can
appreciate mobility of holes and electrons in a semiconductor material. At ¢his
stage it-is.wellyworth while mentioning an experience one of our lecturers had
which may be of value to you. He'was teaching about tension. To make itvrealistic
he said, "Imdgine you have a lift full of people and jt goes down on.a wire cable,
Find out wHat the tension is in the wire. " He went through the example very care-
fully and slowly and gave them some problems to do. "When the problems came .
back, it was quite obvious that the students had no idea of what he had been
talking‘abo'ut; it was ¢ompletely hopeless, so opviouﬂy something had gone, wrong.
So he went over the topic again as clearly as possible pleading, "If there is any. ~
point here that you do not understand, please let me know what it is”. One student

.
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: * rather hurriedly aaked "Whatds al fto" Th’@:whﬁﬂe‘ prdBlem then; the
' students had no concept of what a 1{ft was. )

It was thought by staff that studBhtsJin Papua New Gyjnea would haye particular
: difficulty with the concepts of elecfricity. Although it has beeﬁ fouRd that this is
a problem area for students, it would appear that they are havirg no more difﬂculty _

for the teaching of current &lectricity, the terrain of New Guinea with its numerous
8 tiVers flowing from Highlands to coa
© A1 studentsare familiar with the flo ~\3£ one area to'another and then on to a
further area and hence can visualize se\§i
branching of the stream to go'around’ lﬁi
stream as in parallel.cufretts. 3 \L,,)‘ ‘
+ Gravitational potential changes are readily observable with mnny streams and
hence the additive nature of potential changks in a series systlem can be deduced.
Parallel stream flow with equivalent potentia changes can alto be observed despite
dissimilar flow around various branches. TransNers to equivalent situations in the
laboratory are generally satisfactory provided a } aﬂtiplicity of meters are used so
‘that students can monitor everything without the Nplack magic of pulling a cir-
cuit to pieces to re~locate a meter in some other Phanch. For example it is only
after a number of practical cases of series resistors Wth current measurements
. before and after each resistor, that a student is convikced of conservation of cur- .
rent and will be content with only one ammeter in a Branch of a circuit.
It’is from this basis of conservation of current that a cpncept of current flow is
developed and hence a "life cycle" of a charge moving in a circuit-can be deve-
- - loped. The maxim of “from the kpown to the unkngwn" is thereforg used in this <
‘and many other areas of concept development.
+  Development of concepts 1§ aimed at by variety’of measures and a wide range of
. integrated teaching procg¢dures is used. In optics for example; movie films, over-
head projectuals, single concept film loops, progra d texts, ripple tank experi- -
ments, optical disk demonstrations, experimental ray tracing etc. are used in con-
junction with formal class instruction. The student, thropgh his dire¢t involvement '
in these activities and via assignments and tutorial exercises {s able to obtain feed-
_back and determine, how he has grasped someparticular step. N
" Consider for example cassette recorders and Instruction Booklets which have been _
used for three mafr purposes. .
Firstly, to'teach the students to use laboratory equipment e. g. micrometer, slide .
rule, desk calculators and cathode ray ostilloscopes (this sapplements instructions )
for the class as a whole). .
- *. . Secondly to teach the students the art of solving problems. Many students have
\ difficulties in actually working out what the problem is about and hence they mus/(
o be taught how-to go about solving a problem and how to set out a solution. .
Thirdly,, to revise thé basic physical theories in a section of the course. y - }
\

In problem solving the following procedure is used.
_ Each student individually works fhrough the following questions:
\gl) What {s the questioh asking.

*"{I1) What is given in the question. .
M : - . : \ - s
> - . .. Ko
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~ (1I1) Which part (or parts) of thé course is.the qdestion associated with. .
(IV) Revise those parts of the course. . oL
(V) What are the relevant equations. ’

(VD) What'is the first step.

(V1) Solve through to the answer, one step #ne,

In a world where there is so much to learn and know, concepts. provide an intellec-
.. ' tual economy in helping to organize large amqunts of information; this is the way
® concepts serve scientists, and it i3 also the way concepts can {mprove learning.

There is too much to be known, to expect it can be learned by rote and as isolated
facts. But a large amount of information can b€ organized into a few concepts.
Systems of related concepts can then be built to form principles or rules whereby
students ,ars able to interpret and explain ne»zrpbsewations and experiences.
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A product of their country 3

(Paper read by E, Faladubramaniam) .

L%

* The tangled higtory and geographical complexity of Papua New Guinea are nowhere
4 mare apparent than among the students now crowding nto that country’s Institute
of Technology \{n the town of Lae.
‘The students ar dl;awn from all but one of the major administrative districts Some‘
are from remote highland valieyk where the most commbn tool is still the digging
stick and others are from urbanized families that have beer speaking English for
generations. Some are from the great inland rivers and swamps, others from’the
coral atolls and still others from the w&lling savannah lands. 'In class their faces
betray the great diversity of 'their country’s racial composifion; out of class, when
official pressure to speak English is absent, the vernaculars they break into among -
their closest friends are a fair sample of their country’s sevef hundred ér more.
linguistic and "tribal” divisions.
The only common denominator amidst this variety is the fact\that,all are under-
taking courses in western technology, which they will one day\be expected to gear
to the peculiar demands of Papua New Guinea. . To generalise op Papua New Guinea
Is therefore hazardgus; and in doing so one will inyariably do ity people an injustice
by perpetuating the well wotn clichés of the tourist guide books.
Outsiders with little knowledge of Papua New Guinea usually havi one mistaken .
impression of the worig ‘s second largest (after Greenland) island, perhaps because
the international news media still perpetuate the myth that Papua New Guinea is a
wild and.fnaccessible; jungle clad land, peopled by ferocious cannjbals or head-
r hunters and plagued with malaria; a country where Australians, Japapese and
Americans briefly fought during World war II but were only too anxibus to leave.
The myth,af course,has elemenis.of truth,but takes no aécount of the fact that
today 28 Papua New Guinea is being propelled towards independence with dizzying
speed and as modern social, politieal, commercial and industrial institutions are
v being built up, .the country is changing. Papua New Guinea is in a trantitional stage
and thus shares many of the features of other developing nations. As I discuss the
special problems of our students, this fact should become obvious.
Thie students at the Institute are taking a wide range of courses at both tHe diploma
¥ and degree levels, that is, they follow four and five year programs after having
completed at least four years of secondary education. The courses currently offered
are Civil, Mechanical and Electrical Engineering, Surveying, Architecture, Buil-
ding Science, Accountancy and Business Studies. It is hoped that eventually
courses in Industrial Geology, Mining Engineering, Chemical Technology and
Pharmacy, ‘Agricultural Economics and Agricultural Engineering and $cience and
Techhical Education will be added.

-
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The student body reflects Papua New. ﬂ!ulnea s varied cultural background, though

* it does so unevenly. In 1971 the Institute drew nearly all of its intake of 163 new

students from all but one of the eighteen administrative district of Papua New
Guinea, though a small number (7) were returning from education in Australia,
Two students came from the British Solomon Islands and one from Nauru. Only

* two were Europeans and there were several " mixed,{ace"; the rest were Papua New

Guineans. Of the 153 Papua New Guinean students, 114 came from thirty '%’ovexn-
ment high schools and junior technical tolleges while 39 came from fifteelr high
schgfls run by the Christian missions. Most (129) entered fm‘t year Institute coursés
-aftér having completed the four years of the Papua New Guinea secondary school ‘
program, while the other 34 entered second year courses directly after additional
studies, either overseas or at Rapua New Guinea's one senior high school.

The tgh&nrolment at the Institute in 1971 was 308; and, once more, although

o 8l diéfricts but the remote Soathern Highlands (where secondary education is still

{n i1t infancy) were represented in this figure, jome districts were disproportionately
represented, For example, the Central District (the area around Port Moresby, the
country’s capital) sent us 22%of total enrolments, the East New Britain District .
(the area for which Rabaul, the pre-war capital of New Guinea, is headquarters®s .
provided 14%, .while Manus Island (the smallest district by population but for long
an area of almost universal primary eddcation) accounted for 10%. Yet these
“districts combined amount to only 10% of the country's pogulation (Central, 5.1%;
East New Britain, 3.9%; and Manus, 1%). '
On the other hand, the populous but, until recently, neglected highlands districts
sent very few students to the Institute. The figures for the four highlands districts
were: Eastern Highlands, 3%of Institute enrolments; Western Highlands, 3%; the )
"Chimbu, 2%; and Southern Highlahds, 0%  The Institute enrolled its first two

students from the Southérn Highlands in February 1972., The four highlands districts
however, account for four fifths(39. 8 of the country s total population (Eastern
Highlands, 9.8%; Western Highlands, 13. 8%; Southern Highfands, 8.4%; the

Chimbu, 7, 8%). We thus have a situation where 40% of the country s population

provides us with 8% of our students whereas 10% of the population provides us with

46% of enrolments. ° "

Such a great imbalance reflects both the country s history and its present polL Cs.
The highlands were the last explored of P. N. G.'s"last unknown". It was not imtil
the mid-1930s that European explorers broke ifito the populous valleys of the
central cordillera and serious developmental works only began there in the early
1960s. The coastal district and in particular the areas.around the big coastal towns,
Port Moresby, Lae, Rabaul and Madang, have had European settlement and western
education since well befére World War 1. The peoples of these towns are the most N
sophisticated in the ways of the west,’ supply the leadership of the progressive and :
radical political parties and fill the more senior positions in the public service. /

>

4

" Before World War II the Australian government administered Papua and /
New Guinea as separate colonies. Legal union as Papua New Guinea came
only several years after the war, \/
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. 1t i3 this group that {s the vanguard of a growing movement for lndependence from

- the metropolitan nation, Australia. The highlanders, on thie other hand, are con-
scious of both their lack of development and of their numerical strgngth, which
they have thrown behind the main conservative party, a grouping dominated by .
white planters and traders who have obvious reason for resisting independence.
“The highlanders are vehemently for delayed lndtndente because they want a
continued Australfan presence. They see that as ¥he best guarantee that they will
obtain sufficient education to share equitably in the leadership of government, the
public service, commerce -and industry. They are¢’highly suspicious of the educated
coastal elite, which in turn scorns them for their " primltlveness but feqrs them for
their natural agressiveness and numerical st:cngth
The divisions within Papua New Guinea and the tensions these generate can easily
be seen among the Institute’s students.' The students, toming as they do from all
ends of the country, havé been herded together with students from other districts
of Papua New Guinea, perhaps for the first time in theit lives. Living in a western
style of institution with each other, speaking English and meéting westerners, they

are under considerable pressure to lead a life that is, in the terms of their own back- .

ground, unnatural. They are inevitably torn away from the life style of their own
people. The personal cost of this in maladjustement and alienation is high and s,
perhaps, reflected in the high wastage rates at the Institute, and lndee all other
tertiary educational institutipns {n Papua New Guinea.
The way in which the divisions and tensions of thefr country affect the students
perhaps miay best be illustrated by the case of N, an Institute student whom most
staff members would describe as-"average” or "typical”, N is a final (5th) year/
diploma student in Civil Engineering. He was drafted lnto the diploma stream
fifteen months ago when his exam results showed that he was not coping adequately
with the more advanced work of the degree course. Before reaching the Institute
he had spent four years as a boarder at the governmelt high school near Wewak on
the far north coast and prior to that had had several-years at the school on a govern-
R ment station inland from Wewak. .He had begun his school career as a five year old ,
"Prep. " in the local village school run by the Christian mission. He showed that-. .
he was bright from the very start, soon outstripping the ottier "Preps.,” many of
_ whomi were as much as nine years older than him. N is npw nearl){ twenty, so that
he i3 rather young to have reached the level he has.
N's father {s an-illiterate subsistence farmer with five living children. The oldest
child is a deaf mute who sits in the village all day doing little because he is regat-
ded as longlong (mad) by the other villagets. The second son'was highly intelligent,
and was studying at P.N.G.'s only senfor agricultural college when he died six years
ago. (le was a victim of a spell cast against him by a sorcerer from his own tribe
who had been working as a plantation labourer near the agricultural college. When
he discovered he had been made the object of'a magic spell, the youth fell into
a state of déep depression and simply wasted away; he died in a govemment hospi-
tal about a month later.. Neither the efforts of his father and missionary, who had
flown to Rabaul to be with him, nor the European .doctofs could save him. The *
sorcerer’s motive was apparently jealousy of the boy’s success, '
N's family live in a village of about five hundred people in the Yangoru area
< seventymiles across the coastal range from Wewak, It is 1}egion that was first

.,
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opened up in the late 1920s by labour recruiters, gold prospectors and missionaries
and the government officers who followed them. Yangoru is 4n overpopulated
area where the mitural Tainforest was fong ago destroyed by continual slash and - .
burn agriculture. Most of the people are subsistence farmers practising shifting
agriculture, whsth they supplement by hunting wild pigs, small marsupials and
rodents, fruit,bats and-small birds. Each. ‘year the coarse kunai (alang alang) grass
that -has replaced the rainforest is.fired for néew gardensand for smoking out the
. game hiding there. The staple foods are sweet potato and sago, though yam, taro
and manioc are also grown. - ' '
It was hardly suprising that in 1971 the Yangoru area became the scene of one of |
P.N.G!s biggest post-war "eargo cults”.” The "cargo cult”, a phenomenon of the
Melanesian islands, is a millenarian movement brought about by the people’s
frustgation in their poverty and inability to achieve the high material standard of
living of westerners. Cultists believe that the ‘manufactuted goods of westerners N
., are not man made But have divine origin. Such:movements often indicate proto-
nationalism and have a strong undercurrent of anti-foreign sentiment. The usual
feature is that one or several visionaries believe they have discovered the "key"
to‘the " cargo” (western manufactured goods), the decret of which white men have
selfishly been withhelding from the indigenous people. The visionaries instruct
the people in the procedures they should follow for "unlocking” the "cargo”,
which is then expected to come flowing in via cargo boats or transport planes.
The inevitable failure of the cult is usually rationalised away.
The Yangoru cult centred oni the tallest mountain in the area, Mt. Turu, on the
top of which an American survey team erected a concrete trigonometrical marker
about ten years ago. The cult broke out after a former Catholic mission teacher -
had a vizfon which told him he was to be a second Christ. If he wexe to be sacri-
. ficed on top of Mt. Turu and his blood allowed to flow onto the concrete marker,
his people’ could remove the marker and discover the "cargo”. The marker, he - »
maintained, had been placed there by the government to conceal the *cargo”
from the people. Eventually the visionary was not sacrificed, though the marker
was dug out amidst great ceremony in the presence of several thousand villagers,
" carried downhill and deposited outside the government office at Yangoru. The
cargo" did not appear, but the removal of the marker served as.a-gesture of the
people’s discontent. The cult embarrassed N and the ha dfyl of other Yangoru -
students at both the Institute and the University of P.N.G ey became the butt
of many jokes from other students who were convinced h t ti%{r\ovm péop!e ,
« would never do anything so foolish.
" N was in his third year of high school when Hhis older brother died from sorcery.
He was badly shaken by his brother's death, but as thifd son he now became the
focus of the family’s aspiration. He did well enough in hi$ final high school year
. to gain a government scholarship to enter the Institute. He thus became one of
the select monirity of secondary sc¢hool graduates who receive higher (Institute or
University) education. Qnly about 40% of the children of P. N, G. receive primary
education and of these about 15% drop out before reaching the final year of primary,
Standard Six. Of those who complete Standard Six only about 33% go on to secondary
education. Only about 5% of 'those entering the secondary schools go on to:higher
— tertiary education, so that the ones eventually reaching the tertiary institutions
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' *  represent about.56% of those who were orfginally eligible for. enrolment in the
primary schools. The pressure on students to conform, to discipline themselves
and’to succeed at regular examinations i3 therefore-intense. It is riot a system
designed to cater for the needs of the slow learner, the non“conformist or the  *
lethargic. N and his colleagues 4t the Institute are therefore a highly select elite,
the end result of a rigerous selectfon program aimed at weedlng out all but the-
mbost diligent and most capable.

Once they are in the tertlary institutions the pressure to succeed contlnues as there ©
are few places and the wastage is high. The Institute. for example, has an annual
wastage rate of between 20% and 25% and this is probably typical of the other
institutions. The personal cost of all this to students is high because anxiety over
studies bécomes a constant fact ¢f their existence. The student who drops out feels
keenly that he has failed and that his failure has sent crashing the aspiratians of
both his family and his'village. The greatest disappointment of N'3 career so far
-has been the fact that at the end of his third year at the Institute ‘hie was channelled
into the diploma rather than the degree stream. Perhaps that is why he screws up hls
eyes and guffaws when he is nervous; it may also‘be the reason for his extreme
politenegs and deference in'the presence of strangers, particularly Europeans; and

it may also explain why he cracks his knuckles absent mlndedly when he is thlnk-
ing deeply.

MPespite its tensions and anxletles however, life at the Institute has been a liberat-
ing experience for N, At high school he was always the sma}lest boy in the class
and was thus the object of considerable bullying. He has now matured physically
and has become a respected member of both the hockey and soccer teams. He has
an ¢€bullient outgoing personality and is very popular with both-his colleagues and
his (mainly European) lecturers. His main social'divejstdns apart from sport are
drinking in one of Lae’s taverns on a Friday or Saturflay night after pay-day (after
completing seconq year at the Institute he took up a scholarship, offered by an
oil company. which gives him an allowance of $ 30_g-fnonth on top of his foes, -
books and living expenses) and attending films and dances at the Institute or’in
Lae, sif ‘miles away. He is a relatively affluent student by.local standards -
students on government scholarships Teceive an allowance of $8 a month only and

* the urban cash award in Law i3 $7 for a 40-houir week. He can thus afford luxuries
such as a radio and a record player and smart clothes that are the envy of hls vil-*
lage folk.

N i3 very religious. The Yangoru area is famed for its haus tambarans (spirit houses),
lofty spire shaped constructions containing the regalia, wood carvings and bark

~ paintings associated with the male cult of the traditional religion. Nowadays the

Yangoru are at ledst nominally Christian though much of the outer form of the _\ '
traditional religion is maintajned. There’is a bitter rivalry between the Catholic
(Society of the Divine Word) jand pfotestant (Assemblies of God) missionaries for
the allegiance of th u and western religion remains one of the decisive
issues in each village ough a number of his educated young wantoks (tribesmen)
in becoming westernised have also been secularised, N has retained his Christianity,
which still has a meaningful message for him. He at&nds the Student Christian
Movement meetings at the Institute and worships regu‘larly on Sundays. rising early
to make the bus trip into Lae. ) . .
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N, who on his arrival at high school in.Wewak gight’years ago was a manabus
(primitive fellow from:the bush), is now westefnised and sophisticated. He tecently
spent six months in Melboume Australia, gaining practical experience with the

3, ofl'firm that sponsors him,’ as part of his course of study. It was his first trip to 2l
3 Australia; an excursion regarded by many of his countrymen as the-ultimate sophis
o tication. While he was there, he enjoyed his life as a young executive. .He bought .
o exPensive fg‘h\i:rmble clothes, diped at chic restaurants, attehded the theatre ahd T
. parties and dat Austiahan girls. He was nevertheless glad to ggt back to hiswvil-

lage to meet }is parents brtﬂers and sisters and other relations and to eat sweét .
.potato and sago opte more. His ties with the home village are weakening however, . D
" and like' many young Papua New Guineans le becomes restless after several days at = "
. /horne, preferring to spend his vacations doing holiday jobs in town. * . el
o+ Nsnot a materialst or hedonigt. He has always Been aware of the needs of his .
- people and’ gountw He has pteflressive political views and resen\ts the vestxges of ,, -
- ‘colénialism that -are still evident in Papua New Guinea. Last year, Yor instante, -
" +. ‘he was deeply hurt and angered wherl he went to meet his formet high school head- = ¢
master, who was stglying overnight in Lae. He found theheadmastef at one of the ™
3 " "whites only"- clubs, but was not allowed in fo talk with him; he had to meet him
: * outside in the car park instead. He is convinced that his country needs earlier rather
than later independe\&e from Australia, although he supports no -particulat political
party. His visit to Australia has made him mpre conservative, however, for he.now
ealises that economic development and nationhood by western standards is going 2
. to be a lengthy, tortuons process which his country will not achieve overnight‘ He ,
-y is being groomed by his sponsor for a managerial position in'which he will one day
~ haye to direct large teams of semi- and unskilled Papua New’ Guineans, so that it -
/s quite likely his political and social views may become more conservative. He _
4 possibly does not realise the ambivalénce of hi¢ position? that he is a product of RN
the Australian government's deliberate policy of creating a Papya New Guinean e
educated elite, and that as such'he will help, to perpetuate the masté!rservant *
. relationshig with his own countrymen that is now operated by Europeans and
2 . Chinese. -~ :
At the Ifktitute N's closest friends are all from the same agministrative district as
himself: the Sepik. The Sepiks {who are themselyes divided into a multiplicity of”
"tribes") account for only about 4% of the Institute’s ensolment, although theirs is
. the second largest district (after the Western Highlands) by poptrlatlon the Sepiks
8 . are thus very miuch a minority group at the Institute. The only hon-Sepiks he has
mugh to do with are the students in the hockey and.soccer teams and the_four or
" five other students in the same year and stream of Civil Engineering as himself.
.While he does not dislike any particular tribal group within the Institute, he prefeds '
New Guineans (the northern half of his island) to Papuans (the southern halfy. The
reason for this-is that the former speak Melanesian Pidgin as a lingua franca where-# ™
. as the latter speak Motu; he thus has more in common with those from his own-
# side of the island. . -
N will most probably become a very effectlve engineer (he has had an offer
one of Melbourne's larger consulting engineering firms of a job on graduatxon) «
and a competent business executive. To have achieved thiswill hgve meant a \/«
great struggle for him He spoke only his plestok (loca ffrcular) and Melan;efian .
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Pidgin before enterfng sq;hool and still has problems with English Part of his diffi-
culty here is that he. lacks the experiential and conceptual background to the .

_ language which native speakers enjoy. For, example, inm Melbdurne he fouxait
necessary to keep a notebook in which he jotted new wards and expressionis. Some
of his entries were "knickers" (he was offended by that at first, because hé thought
he had heard “niggers"), * eXprgss" (there are-no trains in Papua New Guinea).

s "subway”, "viaduct” and "freeway" (Papua New Guinea has mainly dirt tracks)

and " ferry” (there are no widg rivers near Yangoru and little regular local sea

3 . transport in Wewak and Lae). His pronunciation and non-English speec,h thythms ~

h also cause him trOuble In Australia, for example, he had great difficulty in )

getting to see a "wit filled” and "tileff fish-on"” until someone ascertained he had

never seen 2 wheat fi¢ld or television. 5

He has similar- difficulties With the abstfact-concepts and reasoning on which =

engineering, mathematics apd physics rely. His village still consists of/subsistence
farmers who employ few mechanical afds, and whose rather elementary calculations.

‘are always related to visible, physical phenomerfa, such as buhches of bananas,

& - baskéts of taro 4/id the number of paces or-hand tengths across somé space, such
as a garden plot or a"village house, He has thus grown up without the mechanical s
¢ .utensils and tools ard the vocabulary of numb'el' and quantity that westerners, from
R their earliest years, take for granted. The western child has always been driven in’

- his-father’s car and has often played with screwdrivers, spanners, kitcheén measures
and calibrated marking gauges; the child in-Papua New Ghinea walks everywhere
, ;nd his father owns a bushknife and axe. Far more than the western student, tgen
« N's training has hed to be practical and related to concrete examples, *' -
Although I have suggested that generalisin&about Papua New Guinea and its _many
. peoples is unwise, 1 would nevertheless claim that N-is as typical of the Institute -
& - students as it is possible to be. He is very much a product of his society, a society -
which is being forced to change and “modernise" ag quickly as possible. The ambi-
valences and tensions that are apparent in him\are the features of his emergent
nation. - That fis own exuberant pefsonality stil bubbles up from the fissures in hi3 -
. . western sophistication is, hépefully, a good omen for the futl?te of Papua New

Guinea . . .
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Robert Karplus ' .

Structure in the Science Curriculum Improvement Study pr'ograrr;

v

The research and development wotk earried out as part of thé’,Science Curriculum
Improvement Study (SCIS) included many hours of classroom teaching and observa--
tior that led naturally.to a few generalizations,about teaching and learning. These,
were then used to éonstruct curriculum materials with less trial-and-error than might

otherwise have been needed. The principles to be described were valuable but also

quite limited, so that actual classroor trials - and the surprises they revealéed
were an essential part of development work-thYoughout the Study’s effort. The
,ﬂndings of J. Piaget were extremely suggestive at all steps in helping to project
staff members interpret,their observations.

It is important to note that the SCIS did not begin its task with wells formulated
objectives- Rather, the participants shared the geal of co mumcating scientific

¥

", literacy, which was vaguely defined as a corbination of basic knowledge con-

ceming the natural environment, investigative ability {including the mpking and
testing of hypotheses concerning natural phenomena), and.curiosity. Cbéaxly.
great deal of. 1at1tud€aremained as"far as the activities in the program, were cgn-
cemed. Definitive behavioral objectives were formpiated oqu after the program
had been developed.

Further, these were stated on a general level (e. g., "Identify systems of 6bjects

_ Myt interact-at-a- -distance") to avoid having a curriculym detail, such as the

names of substances that interact magnetically, become an end of instruction.
If the "details” ‘of activities were not important for their own sake, what ‘was im-
portant? I shall try to answer this question in several complementary ways. Con- "

" tent, process, and attitudes were considered, not separately, but in combination.

In the SCIS program, therefore, children are introduced to‘scientifi¢ tontent through
direct experiences with diverse physical and biological materials. In the course of
their investigations, ‘they engage in observation, measurement, interpretation,"
prediction, evaluation, and other processes. By exploring the phenomena id accor-
dance with their own preconceptions, they also learn to cope confidently with ney
and unexpected findings by sifting evidence and forming conclusiohs. '

Conceptual structure. The grand outline of the SCIS curriculum is determined by-
the concepts that are central to modern science. Most important of tiese is that
changes take place when objects interact in reproducible ways under similar con-

. ditions. Changes do not occur because they are preordained or because a "spirit”

or other power within objects influences them capriciously. By interaction I refer

to the relation among objects or orgarisms that do something to one another, thereby
bringing about a change. For instance, when a magnet picks up a steel pin, we say
that the magnet and the pin interact. The observed change itself, the pin jumping *

112 ‘ t

.




t- .
’ -
L .

Pt . . .’
toward the magnet, is evidence of interaction. Children can easily observe and
+ . use such eviuence, As they advance from a dependence on concrete e)gperienc'es
., to the ability to think abstractly, children identify the conditiors under which
" dnteraction occurs and prediét its outcome. v T
Within the interaction framework, the four majoy scientific concepts of matter,
, = energy, organism and gcosystem are used'to extepd the chtldren’s experiences and .
investigations in the physical and life sciences. Material objects«and their ‘proper- -
ties, ‘organisms and thelr life cycles, are introduced early in the program (age five
to seven), to help the young students describe afrd analyze ‘their environment. °
Energy and ecosystem are introduced near the end of the program (age ten to twelve),
to help the older ‘students interpret their data concerning interaction in physical and
biological systems. . * . ‘
" The children’s intellectual dév'e'lqpment ~ their ability to apply logical .operations
\=§’\to evaluate and Intgrprebtheir perceptions - is furthered by the introduction of fout * .
“¥ precess-oriented concepts: Property, system, refergnce frame, and model. Proper-
fies of objects and organisms (or of abstract entitigs such as sets or relationships) are
at the heart of classificatiof. Furtfie, the measurément and correlation of "variable
‘properties”; .or variables, leads to the quanfification of observations and the formu-
"lation of mathematical models (this latter not in the elementary schopl years). The
systems concept furnishes the basis of conservation logic, insthat a system retains
- -its identity as long as nothing is added or removed, though the parts may be re-
arranged on the macro or-atomic scale. Reference frames provide the student with
multiple viewpoints, so that he can recognize his own perceptions as being only
-~ one of a set of possible observattons. Finally, the scientific model, a mental image
e of a real‘system. helps to crystallize hypotheses about the mechantsrns or explana-
- tions for pbseyed functioning of a system. : :
- Scientific and process-orienfed concepts aré wgven together in an overall scheme
E -that allows their mutual extension and application. Thus, properties are introduced ]
| for'the classification of objects, but are-later rdconsidered as variables describing
systéms of interacting objects, or variables describing energy transfer. Interacting
objects are grouped intogystems, organisms into populations and communities, and
* observed changes in the ‘properties of the system are interpreted as evidence of
. interaction. The ecosystem is'the most complex application.of this idea. The
artificial observer'Mr. O serves as conCrete representation &f a reference frame
relafive to which children describe position and motion of other objects or
systems, ' . . ) ’
Concepts and experience, The concern with concéptual structure stiould not make
you Jose sight of the activities in which thie ‘children are invelved thréughout the
science program, The following two aspects of the.teaching program had to\be
distinguished from one another: the experiential (student experience with a wide
variety of phenomena, including their acting on the materials involved) and the .
conceptual (introduction of the student to the approach which modern scientigts. . - -
find useful in thinking about the phenomena they study). “A key problem in plan-+
~ ning instruction was how to relate these two aspects to one another, 4 matter to

|

<

which I shall return Fater. « . , v . ‘_ e 55:,'-*,“ P o
Let me-list a few examples of what was done to give the students concrete ex-
perience: The obsérvation of magnetized or.electrically charged o!_ijécfs inter- ¥
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acting without physical cohtact, of chameleons efiting crickets in a terratium, of \
.  trajectorles that.can be controlled through t’he'launching conditions, and of seeds
. germinating under certain conditions werg useful in helping to.form a pictyre of
the broad range of physical and biological phenomena. Also necessary. were mote
« Elementary experiences with'the changg in appearance of a liquid sample as it is
.~ transferred among differently shaped containers, with the "feel” of specimens' of
high and low- density, “with the "disappearance” of sollds when they dissolve in '
liquids, and with thie details of surface structure that become visible when a wood
or mineral specimen is examined wigh a magnifying glass. In all these areas it was
: essential that students have direct experience, and that they have an opportunity to
l. _ act on the materials and thereby control or influence what happens. * - .
Supplementing experience are concepts that relate phenomena to one unother,
Being a physicist, 1 began my educational activities twelve years ago with the
notion that force was the fundamental explanatory concept, since force is the. cause
of motion. ‘and motion is a part df all change. Now I believe that this approach,
* ewhich Is also taken by most physics texts, is not-valid. The reason is that obser=~’
, vable motion accompanies only a small fraction of phenomena. Mahy thermal,
. chemical, electrical, optical, and acoustic phenomena do nat involve observable .
motion, hence the force concept is not of direct value in dealing with them, In-
- stead, the broader concept of interaction does apply to all these areas and this con-
_ cept therefore was selected to play the central role in the SCIS program, as des-

Jeribed earlier. : : ' :

“. Learhing theories.. Major theories of intellectual development and learning were

. drawn upon in curriculum construction, even though they appear.to be in conflict®
with one another, I now find it useful to distinguish three major types of theories.
The "leaming-by-conditioning” theory views the learner’s behavidr as a response
to a well-planned stimulus. With repetition, practice, and suitable reinforcement,
the learner will exhibit the: desired behavior. Note that in this theory there is no
room for spontaneous or creative expressions by the student. Everything of educa-
tionaPvalue reflects the inputs accumulatéd during the teaching program,

The "learning-by-discovery” theory claims that everything of which an individual
is capable is latent within him. The educational program must give him opportuni-
ties to express these latent tehdencies, but should not provide any input that might
inhibit or redirect his.natural.inclinations. Given a sufficiently rich environment,
the learner will, according to this theory, discover the properties of objects, .con-
ditions under which phenomena take place, and general principles relating the

. isolated incidents and observationd in his experiments and investigations,

The “learning-by~equilibration” tlfeory, associated with ].’Plaget, views the
individual as capable of mental operaticns which function in a self-sustaining feed-
back loop (equilibrium) as he acts on his environment and receives stimuli-in return,
When the feedback loop is disturbed by events that don't fit the schéme {disequili-
brium), changes in the mental operations ultimately lead to more powerful mental

- operations that can cope successfully with a larger class of events (equilibration).

. Input and autonomy: pedagogical structtire. If children’s operational schemes are
fo be modified and generalized by their experiences, the students must be able to
test4heir own ideas, intuitions, and expectations in self-directed activities; I shall
call this autonomy.’ At the same fime, children need suggestions, new ideas, new
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Materials, and new 'experiences to reconsider their preconceptions’ and/or reach .
operatidnal equilibrium at a more sophisticated level; I shal} call this input, A .-
sound educational program must provide for autonomy and fot fnput. - )
. Most ingeniously, experfential input can be provided hi_feedba\ck in the chi.ldren‘s ‘
- adtonomous activities, if the experimental_materials are carefully chosen. This
feedback reinforces a child's investigative activity and also challenges his expecta~, - -
tions or preconceptions. A light bulb that lights when placed in a closed circuft
with' a battery furnishes an excellent exa‘mple of such feedback.. Another example
,of such feedback is provided by a paper airplane whose wiligs can be bent so as -
to extend or reduce its flight time. _ ' .
Conceptual input, such as gntroductfon of the system or reference frame concepts, -
: 1s not easily provided in the form of feedback, The SCIS tnstructional program fs-
therefore built out of a sequence<df learning cycles that allow for conceptual input §
*in the context of appropriately related autonomous activities, Each leaming cycle
has three phases: exploration, referring to autonomous investigation; invention, v
. referring to the introduction of a new intégrating concept by teacher or by learner;
and discovery, -referring to applications of the same new concept in a variety of
: situations, partly automomous, partly guided, (Each SCIS teacher's guide describes
‘in:detail how thé learning cycle relates to the activities of a unit. )
. .\I;Iote that the learner fs active during the exploration and discovery phagses, which’
ccupy most -of the teaching'time. Experiential input is provided during these
phases. He is lgaiﬁ active during the invention phate, whiclt should occupy only
" a brief interval between the other two. Conceptual input may be provided by the
- teacher during this phase. ' ‘
Note also how this strategy for teaching utfzes the three learning theories.
Exploration is in aceord with "leamning-by-discovery" and "learning-by-equilibra-
tion. " 1t allows the-ledmer to impose his ideas and preconceptions on the subject .
- matter to be investigated. 1f he comes upyvith a sucéessful new idea, more power
to him. If, as is often the case, his preconéeptions lead to confusion, the teacher
learns about these difficulties. At the same time, the exploration may create some
disequilibrium, since not all students can cope with the materials with equal suc-
cess. -
Invention fs’in accord with the “leaming-by-equilfbration" theory, as the new
idea iptroduced at that time suggests a way for the learner to resolve his
- disequilibrium. o e T o
Discovery, finally, is+id acggrd with "learning-by-equilibration, " and also with
“learning-hy-condifioning" view that repetition and practice are necessary for
© leaming_ It is essential, however, that the repe*tion and practice occur largely
thro&gh self-directed activities by the learner, so that he will actually resolve his
disequilibrium by interacting with the expetimental materials and by establishing
. a new feedbacK pattern for his actions and pbservations. At this time, the same
concepts are applied repeatedly in a wide Yariety of activities.
Developmental structure. The gonceptual and pedagogical structure described
above still allows wide latitude il the choice of learning activities. What other
guides are there? The specific.act‘ivit,ies have great practical importance, because”
they carry the science program from day to day by stimulating the children’s
“interest, challenging their reasoning,’ drousing their curfosity, answering some of
A}
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— . their questions, and satisfying their need to control their environment. 14 choosing
. specific materials, the children’s reasoning,” manipulative ability, precorceptions, -

and natural interests were taken inté-accounf, 4i well as questions 'of safety, cost,
and flquipment reliability. Even though the latter three were frequently decisive, *

1 shafl not discuss them as they are outside the scope of this symposium, and I shall
condgntrate on 1ntefl§::lal aspecty, , ..

" One §f.the very importasit considerations has been the facf that children of any
chronologicaf age répresent a broad mixture of developmental stages. In the first
grade, for example, most children may be in the transition from preoperational
to concrete operational reasoning; still, substantial groups will not yet have begun
the change, while others have substantially completed it with respect to many
simple tasks. So it is also in the sixth grade, where many’ children may have begun
the transition to formal thought, while others are P(eopemtlonal or at the congrete
level,zand a few are capable of exercising formal thought under many circum-

' stances. To be acceptable, any activity in the science program should have interest

and yield satisfaction for all pupils, regardless of their developmental stage. One

~ example is Grandma’s Button Box" in the Material Objects unit (Level One). Pre-
operational children enjoy the varieties of color, texture, and shapg, the sounds
made by tumbling buttons over one another, and the designs in which the, buttons

n be arranged. Children who have mastered classification reasoning, howgver,
gn be challenged to group-thie buttond into two or more kinds, to develop mutually
ekclusive catdgoried by selecting criterion properties, or to transform one classifica-
tion system in%Q another. :

A’ second example are the electric circuits in the Models: Electric and Magnetic

ar Interactions uni¥ (Level §ix). Here the preoperational pupils can derive satisfaction

from lighting a bulb through a trial and error procedure. A ch_lld at the level of

" concrete operations can idestify the battery and bulb connections that yield a

particularly bright or diin bulb. A student who is transitional to formal thought can °

wonder about the energy transfer from battery to bulb through the wires and formu- -
late a model involving €lectricity or electric turrent flowing through the wire and -
obeying certain rules. L ©

I shall cite two reasons why it was so important to provide activities that appeal

to such a wide range of children. First, it was clearly’desirable to secure the

interest and participation of all pupils in an activity, even though not all can _

pursue it at the same level of sophistication. Second, the children at an earlier
developmental level see examples of more advanced reasoning in their classmates,
whose logic they may not understand completely, but whose ideas upset their opera-

tiomal equilibrium and thereby hasten equilibration at a higher level. o

Conclusion. In this article, I have described some principles of concwptual struc-

* ture, pedagaogical stryggtyre, and developmental structure that have been used in
preparing the SCIS program. It would not be hongst for me to leave you with the
impression that the program is “perfect”. Many of the activities and the overall
plan certainly reflect the considerations that I described. There are also parts of the
program that are not ideal for various reasons - difficulties in ¢reating economical

- equipment, problems with the survival of ltving organisms in‘the classroom, exces-
sive preparation or care required to obtain reliable data, and ¢ on. On balance,
however, 1 believe that these problems are minor and that the SCIS curriculum

..materials can be of great educational service to many children and their teachers.
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Erwin Baurmann c .

On some princ?ples often neglected in the teaching of physics.

'i\( / i
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" When we teach physics we should bear in mind that we mostly teach to later non- *
physicists. This is particiilarly true for physics instruction on lower level. For us
-7+ the motivation of our doing so is the fact that we like teaching and that we like
A .. physics. For them this is not necessarily the case. We have good reasons for
teaching phy%sics because physicists exist and what they do plays an important part
" fn the life we are preparing our pupils for.
8o one motivation for the pupils might be that they need to learn physics and what
physicists do. "This form of a motivation appeals perhaps to the curiosity of our
" pupils, but in a very superficial way. It does not justify that physicists rightly exist,
. " and what finally they are doing when doing physics. It does neither link their doing
~with the activities of ny‘an nog does it distinguish their doing among other
activities.
» ¢ If we bear t\xis in mind, we find a much stronger and much more ‘reliable motivation
" for our pupils to learn physics: we can base ourselves on the fact that we all have
an {nquiring and a creative mind. This is the elementary characteristic of man.
This mind produces its being in innumergple activitiés among which science in
general and physics in particular. .
Certainly, we cannot erect a building in the theory of knowledge and thus justify .
the existeace of physics, and motivate our pupils tg learn physics. But we can
teach phg;tcs in a way that creates a reflective attitude among the pupils, an
attitude tirat asks questions like: why do physicists exists?, what is physics? -
other than physics is what physicists do,
If you look at school:b ox watch what finally is taught, then you will find that
in most cases just the :I:‘)} basic guestions are not answered. The pﬁgs to be

s

made are those which make physics an enterprise of the inquiring ming (E. Rogers): -
knowledge- in physics is gained by method. this method is restricted to rational
thought, the method of rational thought is limited, physicsis man made and not )

- god given, the language of models, the rationalizing attempt of description by bd

% analogy, the interaction of the inductive and the deductive method, the principle
- .of mathematization in physics, and alike.

.. The following is an attempt to prove by-examples chosen from introductory elec~

¢, tricity that the goal that I have indicated earlier may be achieved even in teaching
. elementary physics. '

As I said, that we do physics, needs to be justified.' It must come out that physics
-1s one among many modes of comprehending the world around us, Furthermore it
|_must come out that this particularity of physics to make the world understood*is man
i made and not god given, that in physics the wanted arbitrariness of a wanted one-~
’. § AN . ' - LT 7.
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sidédness prevails and that its method is limited, in short: because of a permanent.
misunderstanding we must bring about exactly that point of view the layman will
not expect to be totd about science. We are obliged to do so; otherwise we our-
selves would draw a one~ sided picture angd thus miss our commission in
education.
We may not excuse ourselves by stating that such a pretentibn cannot be ach!eved
in the elementary teaghing of physics. The contrary is true: that the purely ratio- ,
nal way of thinking is an intentionally wanted restrictigm {n method, that the -
physicist thinks in models, that he uses the formalism of mathematics, that he *
uses formal conclusions to interpret his observation, that by heuristic reasons he
strives for analogies, that:he attempts a synoptical description of as many pheno-
mena as possible and in doing so that he plays the alternating game of induction
_ and deduction, all this must be, in away, the red thread which leads through the
> whole enterprise, a red thread that can be made visible also in the elementary
teaching of physics.
. Knaowledge in physics is knowledge gained by method. Wnowledge gained by me- ’
~ .thod means planned knowledge. In its introdujr| tion to his "Critlque of Pure Reason”
the philosophﬁr Immanuel Kant explains what is meant a¢ follows: "With its prin~
ciple according to which corresponding phenomena may be considered as laws, in
one hand, and with the experiment conceived according to those principles, in
“the-other hand, reason must meet nature with the intention to be taught, this, how-
'ever, not in the quality of a pupil who accepts what the teacher says, but in the -~~~
quality of an inst%lled‘udge who ), compels the witnesses to answer those questions
which he puts before them" (end “of quotation). . Kant hence binds scientific know-
ledge to a plan, to a design of reason.
Ko pupil will miss the fact that physics is planned, that it proceeds in a mathe-
matical way. We may reinforce this observation when we make clearly visible
the systematic procedure of physics, especially when doing experiments or inter-
preting experimental evidence. Furthermore the pupil will notice that evidence
in physics is not so conclusive as it is in mathematics. He will notice that there
is some sort of uncertainty as soon as we base ourselves on observation apd experi-
ment, i.e. on experience, and that we are completely certain as soon as a mathe-
matical deduction of our results is posslble
Example: We measure the force on a charge in the electric fleld. Result:
a) the force exerted on the charge is proportional to the magnitude of this charge
for any given pozmial difference V between the charges producing the

-

. . field: F~Q;

b) the force exefttd on the charge in the field is proportional to the potential -
~ difference between the charges producing the elctric field: F~V; -
Conclusion: the force exerted on the charge in the electric field is proportional §
to the product "charge times potential difference” (as defined above): F~Q - V!
Depending on the quality of the experiment this result is more or less uncertain. ‘
It is undoubtedly certain, however, as soon as we are able to conclude: from ’

V-&andWw-=-F -sf'ollows E :5eQ - Vi

The pupils will also notice that physics is not dealing with humanities, with man,
his art, his language, his history etc” He will notice that physics is limited to that
domain-that may be described exclusively by thé methods of rational thought and

-
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conclusion, and that there remains a wide field which cannot be described by the -
methods of physics. ) L
o Up to this point, on introductory level it may be satisfying, if we do got hide and
) bury things, for instance in presenting physics as an exact science bekause it s so
precisel® Beyond this point we have to explain clearly what Kant means when .
talking of man in his role of a judge. We must show the subjectivity of any of our
decisions which are guided by reason and, suggested by nature, but to which we are
. not compelled to. ‘
1st example: Our experiments in electricity suggest two models: . -
1. There are positive and negative electrical charges. Equal quantities df positive
and negative charge neutralize one another; | '
. 2. There are only negative charges, the smallest quantity of whicli {s the elemen-
tary charge of the electron. What appears to be a positive charge is nothing but-
a lacking amountyofghe corresponding’quantity of negative charge. .*
N The second model chrrdkponds better tg our picture of a current which we do not.
o depict as two flows ¢f di¥grent particles in opposite directions. The first mogel is
| - always suggested wh ¢ polatity¥of the charges plays a role. Both models are
equally correct because neither oW is contradictory in itse}f. Hence the decision
- on the model by which we want to describe the phenomen# of electricity depends
only on the experithent we conduct. . B -
9nd exaniple: The experiments on magnetism suggest the following interpretation:
in any thaterial that can be magnetl%ed there exist elementary magnets, magnetic
domains. These domains are fiot ordered and hence cojnipensate one another in
o thelr action (effects). 1f we order and align the elementary magrets - for instance
"~ by sweeping with another magnet - neighbored north and séuth poles will stfll '
compensate, but on the end faces there will be poles now,which are not com-
pensated. If we cut such a magnet normally to its direction of magnetization, -
uncompensated poles are free at pnce on the new end faces, and the two separated
parts of the original magnet are as completely magnetic as the original one
was. 4 V]
"At this point we must lead our puplls to the conclusion that our model explains
- the mechanism of magnetization, but it does not explain yet what magnetism
really is. Magnetism cannot be explained. It is a concept as much as force'isa ”
concept. . e
On such an occasion we should also define ‘({mt a model is in physics, i.e. an

intuitive picture by means of which we can\lescribe and interpret natural
phenomena. . ;
3rd example: In magnetism we see that magnets act with forces upon each other
at distances through space. We describe the space in which such forces can be
detected as the fleld of the magnet. Again, this is a model. Field means the

+ set of all possible oﬁ};red effects of the same kind In space. In particular, a
magnegc field is the set of all possible ordered magnetic, forces in that space.

. ‘ 4

. Physlc:éis anexact sclence because all its statements can, in principle, be
» deduced; but its statements are certain only to that extent to which the pre-

_mises afe certain which, in physics, are b d on experience.

Y
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Proceeding in this and alike ways ong’thing gets clear: physics s man made and

not god given. It i3 man who observes, and it is man too, who invents the

concepts.

Singe we restrict ourselves in physics to the domain of pnrely rational thOught the

stafements of physics can be expressed in term$ of mathematics.,

Yst example: We define the electric current as charge per unit time and write thls =

statement in the form of a thematical equation: 1 -'?—

This equation may be transq\e\d for instance into Q = I - t. This trans-

formation has nothing to do with physics, it is pure logic in action, and still:

this new statement has a relevance also in physicsr Q = I <« t measures the
* quantity of electric charge.

2nd example: In order to illustrate electricity we are looking for analogies of a

water current and an alectric circft. Th correspondance may be pushed up

to the definitions of current intens potentiaI\ difference. ‘The place of

action in a circuit is the point at w ork is exerted. This suggests to gxpress
" both the pressure of a water pump and the potential difference by the work done.
To this end we need only extend formally, i.e. mathematically, the fraction I
defining the préssure = ac;écae by the height ta which the force is lifting the .

water. Thus we get a suggestion for an analogous definttion of the electric,
potential difference. This formal act of logic isone of the many examples
which demonstrate how we arrive, by applying mathematics, i, e. pure logic,
at useful hints for the description of nature:

.

« A ot

force - height = work )

pressure = force = ] .
. area tarea - height volume .
B Water , Electricity )

—_ . . ,

/ %/S:l_u;n_e = current intensity . -%:T;SE = current intensity
" Work work . _
Volume = Pressure charge = potential difference.
p

3rd example: Later in the course we take the opportunity of demonstrating the
internal closeness of the physical picture of the world with help of the possibility .

to thor0ugh mathematization:

a) The motion of electric charges*appears to be an electric cun'ent The work doneé
by the current is proportional to the amourt of charge displaced:

T WeV -1.t=V.Q3W~Q.

b) The dause of this current is a potential difference V which originates from the
work W necessary to separate charges of opposite sign. This potential difference
fs definedas V «¥ 5 W - V . Q, as above. Step by step we draw a pictiTe
of electric phenomena the closeness of which is expressed by a network of -

-121

ERIC 120 . o

[AFuiTox provided by ERIC N S
. . .

Ry




N .~

contradiction-free mathematical formulations. We shall try to describe as many

phenomena of electricity as possible {n one single picture or model. The better we

are able to achieve this, the greater is the value oi our model, the fewer laws,

rules and forrpulae dp we need.
- Furthermore we have to show the tendency to analogous descriptions whereve: this .
is possible, even in rather separate fields of physics. This tendency is the expres-
sion of a general principle. which has nothing to do with our object physics. but with
the economy of thinking. The analogy, mentioned earlier, of a water circuit and
the electric circuit is one 1st simple example of it. \
A more'refined 2nd example is the concept of a fleld. We will define it as general
as,_possible, and then insert particufar fields into this gefiepal concept in using .
analogue formulations or wordings when defining the particular fields: in the first
instance fields are named following their geometric properties. A field whi?‘h

shows the same effects at any- point of {ts space, both in magnitude and {n direc- ‘
tion, is called a homogenous field; if this is not the case the field is spokenlof as . ~
inhomogenous If in particular the field is symmetrical with respect to one point
it is called a radially symmetrical field. - In our course work a practical example
may suggest the invention of the concept "field"; let it be the behaviour of iron
filings in a magnetic field. Then we generalize the picture”and will find it easy
novﬁo stress analogous formulations at any given occasign; magnetic field.; electric
field, gravitational field; or corresponding examples ofhomogenous fields: homo-
genous electrical field, homogenous magnetic field, homogenous section of the
gr!vniational field: radially yymmetrical fields: one pole of a magnet, point charge,
gravitatipnal field of the earth; electric potentfal, gravitational poteritial etc.
3rd example: A problem set for the gifted pupil at this stage of the course - we are
talking of introductory electricity!-: a plate capacitor with a plate separation of 1 cm
is charged to a potential difference of 500 volts. Then the supply is eut off and the
plates are separated to a distance of 6 ®&*What is now the potential difference of
the field producing charges on the plates? (result 3000~volts).
- Then we'may -go on as follows: the work done {s Wg :1}- Q -V(not1 Q -V
as is the case for a free probe charge in the electric fleld!). 'Q is the chargeon the
plates of the capacitor and V the voltage difference of 2500 volts. The potential
. difference increases in a linear progression from 500 to 3000 volts when pulling the
plates apart, whilst the charge on the plates remains unchanged. Explain the
relationship We =% Q - V and compare with the work W=4 F . s done when
pulling a perfectly elastic coilqd spring. Sketch a diagram-of f vs s and the
analogous dfagram of V vs Q. »
Already on introductory level the pupils must know and meet the continued inter-
,action of {nduction and deduction a$ the characterizing methods of an exact science.
As a-1st example we have alteady mentioned the experimental determination of
the force exerted on a charge in an electric fleld: F~ Q ' V.

«
A

* A field is ti)e totality of all possible'or-dered effects of one sir;gle kind in spac:e.
A magnetic field is the totality of all possible ordered magnetic effects in space.
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| This result is more or less convincing depending on the accuracy of our experiment,
| The probability of a correct result, the trustworthiness of the result increases with
| the number of experiments yielding the same results within fixed bojgerlines of dis~
crepancy, This is an example of the inductive methad. The result is conclusivcly
certain, however, when we are able to deduce: F * s= Q - V., ° .
- This last step is an examplc of the deductive method in physics.
2nd example for the interaction of the inductive and the deductive method, chosen
from the course work in introductory electriclty we may find Kirchhoff's second
law for the current {ntensities of parallel circuits by experiment; we may also de-
. duce it from known premises (Ohm'’s faw or morg general the principle of energy
conservation).
3rd example; We charge a plate capacitor, disconnect from the supply and then
-pull the plates”apart, Observatton: the potential differénce of the plates is directly
5 proportional to the plate separation: V ~ s, This result was obtained by -ekperi-
ment, hence by. applying the inductive method. The same result may be deduced
mathematically in considerin the work done when pulling the plates apart:
W=F.5-Q V=2V ~E +*s, where E-% is the constant field

¥ strength of this charged capacitor durlng the operation: V ~ s.
1 hope that } was able to demonstrate two things:” \.
1. that this somewhat philosophical way ‘of considering physics is often neglected
2. that this aspect can be brought about already in the teaching on introductory
w level— in our particular case lntroductory electricity as one among many ‘
' examples, ¥
There is no question that the goal mentioned in the beginning may be attained
much easfer in the teaching on higher level, but that is self-evident and it was . .

. ‘not my intention to deal with. \
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Loe g . K :

Yy The author states that ile?vante'd to point to the importance ofthe presentation of
L > physics‘and of the spirit behind the teaching of physics. He féels.that the student -
"' ought.to recognize about physfcs® oo . ' ‘
.+ - 1. Physicsis mén made and not god given. Knowledge in physics is gained by
» 3 method, this method i§ based on rational thought only, . the method of-rational
. thought fs limited, . - . . . 7 ) -
oo 2. Natire can be described by miodels of different complexity and completeness,
. Simple edrlier models’ do not ‘get,wrong, as soQn.as:more Ireflned»-models will ’
‘be crezted. ‘A thodel can perhaps fail in some areas, but can be very useful
-, and fit to a certain purpose, because it is easily managed.
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Albert V. Baez -

. Innovative experlences in phy5|cs teachlng
autolectures, seminars, micronotes, faboratory work wnth°severa| oOptions,
films and demonstrations

)

. "Summary - )

Innovative exp ces in teaching an introductory college physlcs course for.non-
_ spectizlists are described. The basic ingredient is the Autojecture produced by the '

" professor. It consists of a tape recordlng plus about ten transparencies for the over-
head projector. Several Autolectires are Zdministered simultarieously in separate
classrooms by graduate student Teaching Fellows who ean, in this way, monitor
and expound on a well structured.lecture with a mimimum of preparation and who
subsequently direct the Seminars to clarify the ideag raised in the Autolectures and -

in other parts of the
all the overhead tra

reduced pyinted duplicates of

r?)urse Micronotes, which ar
Sp

arencies, are dist

0 the students to minimize note .

taking. Itgas been found that Teaching, ellows can also produce good Autolec=
tures with benefit to the students and to their own teaching experience. Students’
can produce short Autolectures as a_means of reporting on special laboratory pre-
jects and learn valuable communlg,atlon skills in the process. The use of films,.

“loops and closed-circuit TV in the demonstration lecture are Jescriped as well as
their possible use in the laboratory, the Autolecture and the Seminar. Other innova®
tions include the nse of a textbook based upon a spiral ‘approach to learning, mul-
tiple options for the laboratory and demonstiation éfctures with & minimum of
theoretical exposmon
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Maria Ferretti

Possibilities of linking the science and physics curriculum wuth the +
proposed cumculum for mathematics teachmg ‘ :

a

v

¢

1. Preconference Paper (Summary)

1.1 1n the last ten years it has become moré and more evxdent that integration of

science courses (at least to a certain extent) is not only feasible, but highly

desirable. Up to 1970 some dozen projects werc listed in the * }ntematxonal Clearing-

house on Science and Mathematics curricular developments™.. ™' :

1.2 The main reasons for thig changing attitude of scientists and educators can be

traced back to

a) economic reasons (saving of time ‘and perhaps of teaching staff)

b) structural motivations (trends towards a structural unity of different disciplmes) 3

¢) environmental motivations (connected with the rapxdity of the diffusion &f :

information and the relevant mass-media processes) - .

1°.37A reason of type b) worth a special mention for its great importance can be

found in the increasingly scientific apprpach in geography, as well as in other

“boundary subjects” like environmental sciences, meteorology, evén astronomy.’

with integrated courses some topict belonging to these boundary regions can %e

more properly treated.

1.4 shall we expect this trend.to go on and expand? Or shall we emde®ur to over-

come it and reVert to a more specialized method of teaching. “which allows a

deeper insight, and to try co-ordination of specialized subjects from the outside? .

1.5 Historical and philosophical background. for the teaching of scientes as separate

subjects (Comte), and for the modem trend towards unificatioh, Problems connected
. with the ieacher’s training and'team teaching. .
. Y . 1.6 Opnortunity of dxstmguxshing among: a) simple " Juxtaposition of topics coming

from different science ateas; b) "integration” proper, and ¢) "co-ordination”.

Syllabus patterns of the type a) 'are more suitable for pupilsstill in a pre-opera-

tional stage of thinking (according to Piaget), or at most in the stage of "concrete.

operations”. Pattern b) applies when the “reversibility” stage is fully reached;

pattern ¢) can be_exploited to its maximum extent at the stage of "formal opera-

tions”, i, e. the ability to perforfn hypothetical operations. Here {models” ¢an -

be fully and exhaustively exploited. v

* "Mixed” patterns appear more likely to be put“into operation, and actually are: -

mtegrated courses for physics.and chemistry and for physics and biology do exist.

Howevet, the integration of bxology with chemistry and physics raises some pro-

blems. In fact, the descriptive and morphological aspects &f biology may be dealt -

with very early, whereas the study of biological functions requires rather sophisticated

knowledge of physics and ch,emxstry i ‘ /

- . -
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1.7 Mathematics teaching is also undergoing a revolutionary change, as it evolves
more and more towards structural patterns. The increasing-need of mathgmatical
concepts for science teaching is unquestionable, andsthe unifying power:of the
methods of modern mathematics may enhance the students' abitity to synthesize,
One has to keep in mind, however, that the value of synthesis is based solely on
. the correctness of the analysis. Moreover, a strong criticism of present methods
- of teaching mathematics emphasizes that they somehow deprive students of%he
o ability to do with ease the simple calculations necessary for the understanding of

science. : P
1.8 The GIREP seminar held in Lausznne in 1967 was based on the links between :
mathematics and physics teaching in secondary schools. Some conclusions are

- perhaps wort}i fecalling..
1.9 'No matter what practical'way may be-chosen to link scientific subjects and
mathicmatics in secondary school teaching, it appears impor}H ant to substitute the

" ohsolete "science hierarchy” with a more general "synthesis of disciplines”,
applying not only to scientific subjects, but-to all fields of cultural activity. On
the grounds_of the structures that underlie our present knowledge in all fields, we
could think of a kind of flowing link from the logical topics (mathematics,
language structure) to the art-history topics (literature, visual arts, history, social
science) and to natural sciences (geography, biology, chemistry, physics) to come
again to mathematics. In this context, symmetries can be regarded as structural ,
links between mathematics and structural arts, visual arts and sciences, sciences ‘

. . . - N N e o e
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and mathenmatics. \—‘ v
2. Conference Paper . . . . ’

The present considerations are mainly based on the origin and the fature of the
problems connecfed with t?‘\teaching of.science and matherhatics as linked
subjects, rather than on practical solutions. In effect, many problems are common
to all existing scho stems, but solutions are locally quite different and can- /
not be easily generalizkd.. - o
- In the last ten years, {ffhas become more and more evident that the integration of
" . " science teaching (at lefgst, tc a certain extent) is not only feasible, but highly |
' desirable. Just iip to 19°\0 only, about thirty projects of this kind have been listed » \“
in the "International Cledringhouse on Science and Mathematics Curricular Deve- 1
lopment” (1). As examples, I will retall only a few of them: ’ .
‘ The Portland Project (2) in its first attempt to integrate PSSC physics, CHEM S\de -
~chemistry and, to sorhe extent, BSCS.biology: and not in its more so;ehisticated |
pattern (age, 15-18 yean) w |
The New Integrated and Co-ordinated Science Textbook Project (3) originated by |
* the Sciencc Tsundation for Physics at the Uni\ﬂemty of Sydney, N.S.W., Australia |
(integrated science, ages 12, 13,14, 15; co-ordinated physics, chemistry biology |
and geology, ages 16 and 1 -~
\
\

The School Council Integrated Sciénce Project (4), at the Centre for Science
Education, Clzelsea College of Science and Technology, London (ages 13,14,15,
and 16)°

- v L4
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The Nuffield Combined Science Project (5) of the Nuffield Fouﬁdétion, Great
Britain (ages 11,12 and.13), . ' .
The Scottish Integrated Science Course Project (6), Scotland (ages 12,13,14)

- The Institute for Education in Natural Sciences Project (N at the Kiel University,

®

Q
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Germany (ages ¥0,11,12 and 13). L _
Introductory Phystcal Science (8) started at the ESI, Watertown, Mass. , integrating
physics and chemistry, .ages 15 and 16, ‘

In comparing all the existing projécts, one notices that frequently the need for the
integration of subjects was initially felt most by the teachers themselves, and inte-
grated or co-ordinated projects were started on their request (as Portland Project,
School Council Integrated Sclence Project, Environmental Studies Program openly
admit in the forewords of their books); but still more frequently such an integrated’
approach is officially‘adopted for new school systems in developing countries (four

such projects in Australia, one in Israel, one in Japan, Kenia, Malaysia, Nepal,
Nigeria, Ceylon; the UNESCO program for Integrated Science Teaching in Deve-
loping“Countries, are mentioned in the already quoted "International Clearing-
house"(1). On the contrary, in countries where the school system was established

long ago - as in Central Europe, for instance - the.subdivisjon of individual scien-
tific subjects still persists in most secondary schools, particularly in the second

cycle of secondary edecation, s '

The early spectalization of subjects in schools has been originated about a century

ago, and its main roots can be traced back to the positivistic hierarchy of disci-

plines (due to the French philosopher A.Comte) based upon the hypothesis that the .
sciences must inevitably \.eveﬁ)p in the order of decreasing generality and increa-
sing complexity. Hence they appeared in the following genetic series: matnematies,
astronomy, physics, chemistry, biology, sociology. Each of these disciplines
depended upon those which preceded jn the series. This position had a §trong in-
fluence on European teaching systems at the beginning of this century. ‘s

Now, there seems to be a reverse trend: science is seen more as-a way to reach a
coherent description of the world, and thus the starting point could be a basis of
knowledge common to all scientific subjects. But the main reasons for the changing .
attitude of scientists and educators seem ;'_nore likely based on econofnical, struc-
tufai and*environmental motivations. Of course, the word "economical” has to be
interpreted-here in the broadest possible meaning: economy of teaching staff, and
saving of "learning” time, which will not necessarily mean saving of money (more
experimental work, more audiovisual aids are likely to*be required, as well as
more reference books, and so on). '

Structural motivations come ffom a-feeper insight of the moderm trend towards the
structural unity of different scientific disciplines (8). According to Bruner 9, to
learn a ‘structure is to learn how things are related. In a structural pattern, the
methods for gaining knowledge in different scientific'fields (i. e. approach to the
problems, mathematical treatment of results), many basic ideas (i. e, interactions,
models, microscopic understarding of macroscopical events), and some skills and
techniques (i. e. observation, analysis, induction, testing, synthesis) have many,
common features. Moreover, considering seiences from the paint of view of their
evolution, we Tnotice that subjects belonging to the boundary regions, like meteoro-
logy, Ztronomy, even geography, are becoming more and more structured as

LY
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C L 'sg:lences. with an tncreasing adoption of ma&t}) matical and statistical techniques;

3 at the other end, human’ geagraphy is.being fﬁ‘eréﬂ.by the language and thinkipg of
the economists and the sociologists, leading to the birth of the "envlronr'nenﬁ
sciences”, RV D
Environmental motivations for teaching integrated sciences stem from a double
line of considerations. On one side, we have to admit that-the school is no longer
the only source of knowledge for the educated citizen. The increasing role of the
mass-media as a source of information, the growing possibility of coming into
contact with different kinds of human being, and the lowering cost of printed |
material, are building up a sort of permanent school that has been defined "the .
paralfel school"(10). In this "parallel school”, which cannot be ignared or under- o

_ estimated, every subject is strongly integrated, not only on a scientific basis, but
also regarding social problems -and activities. Possibly, one of the reasons for the v
unease felt in conventjonal schools by students - and by teachers - comes from the
difficulty of automatically integrating subjects that have so far been taught with
- rigid separations, and that teachers themsélves have studied separately, Onthe . . . ¢
.~ other hand, one also has to taffe into account the most recent trend to qvercome

+ .7 the purely structural considerations about the content of a course and th way the .

human intellect accumulated knowledge; the "other half” of the human being, ‘
" i. e. how a humran being feels in the learning process,in addition to how he knows,
ts now becoming important in the teaching process: A kind of "environmental )
approach™¥o the study of sciences is now much more appealing to stidents: in s
effect, since knowledge "per se” is no longer desired, and eyen its absplute value
is under discussion, it appears that an integrated approach to many subjects in
school can help studeals to build up self-confidence, and to lessen alienation(11),
On the basis of the preceding considerations, we could then assume that integrated
patterns for scienge-and mathematics teaching will gain favour in the near future:
but practical difficulties to implement those kinds of curricula cannot be under-
estimatéd. First of all, it is imperative not to lower the quality of teaching by
integration; and this leads to the consequent difficulties of teacher training: more
“in-service courses will-be needed, adequate facilities, trained instructors, and
- tutorial help from the university faculties, both scientific and educational. But
" there is also the difficulty arising from the individual teacher's attitude towards
other scignces and mathematics. On the average mathematicians do not seem to
be veryfend of looking for starting points or applications and‘examples rodted in
natural sciences, and biologists generally dislike the special training to acquire -

 the skill néeded o, treat observations with statistical imstliods that are unquestionable
from the mathermatician’s point of view: Of course, this kind of difficulty increases

~ with the advancement of th€ course, At the elementary level, when sciences are
taught at all, they are evérywhere in an intenged form; but for the termmpal
classes of the high school it appears almost impossi le to devise a training suitable.. - -

% for integrated teaching. e S ’
~ Thus, in any integrated kind of teaching, we cantecognize the need for the
following distinctiens: : . ¢ f\

. f ' )

a) the simple_juxtaposition of topics, which is appropriate mostly for children in
the pre-operational stage of thinking (followingPiaget’s terminology) or at most
in the stage of the "concrete operation§:%p- whidh corresponds more or less to the

}
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elementary level of teaching. A single teacher can do the job; but also different
teachers can co-operate, the only difficulties being connected with the time-
table scheduling. Here, the teacher’s training is'not a very difficult problem.
b) integration proper: such a pattern can be put into operation as soon as the
"reversibility stage” of thinking has been fully reached by the pupil. Apparently
this method becomes appropriate in the first cycle of the secondary education, .
iy but here the problems of the teacher training and the curriculum planning be-

. come more important, as subjects must be treated with a sufficiently deep-in-
sight. (One criticism to this approach is based on the consideration that an es-
sential condition for appreciating the unity of science is the ability to think at

.. a sufficiently high level). o _ o '

¢) co-ordination of subjects could be exploited to its maximumm extent when the
thinking stage of "formal operations” (1. e. the ability to perform hypothetical
operations) is reached. As this will happen in average towards the terminal years
of secondary education,, one could take advantage of the broaded intellectual
abilities of the students in order to put into operation some sort of team-teaching,
with an integrated curriculum taught by teachers with different specializations.
Here, the main difficulty liés in a fair distribution of teaching time among the
teachers, and their personal timé schedule. ~
. y l\ﬁxed patterns appear more likely to be put into operation, and actually are:

integrated courses forphysics and chemistry do exist, and for chemistry and bio-

logy: but here one has to consider that, whilst the morphological apd descriptive

- aspects of biology may be dealt with at a rather early stage (say, in the first cycle

of secondary teaching) the study of biological functions requires a rather. sophistica-
ted knowledge of physics and.chemistry. ' -
Probably the most complete attempt on this line is the "Messel Bible” already
quoted (2): on a basis of integrated sciences (physics, chemistry, biology and geo-
logyL with some astronomy) for the junior stage, a senior’ stage is built, planned
as a co-ordinated study of sciences, "with each science supporting and illumina- -
ting the others”. A point of view worth quoting is expressed in the "Correspondence”
section of the April Issue(12) of "Education in Science”, by D. Duckworth. He
proposes to divide the whole of science teaching, up to the ordinary level, into
" physical” and "environmental”: the latter would consist merely in biology (des-
criptive) and some geography, and should be taught in the first cycle of secondary
education. Physfcal science (physics with chemistry) would come in years 3 and 4.
Only after O-devel could one think of a course in Integrated Science asg disci-
plined sth% for the ablgst young scientists, through team-teaching.

-

Mathematis is also undergoing a revolutionary change, as it evolves more and
more towafds structural patterns, "New” mathematics is now largely in use in
secondary instruction, and one could consider to what extent this new way of
teaching mathematics is {or could be) complementary to science teaching(13).
“Surely the unifying power of the methods of modern mathematics may enhance the

. students’ ability to synthesize. But not all that glitters is gold; the value of synthesis
is based solely on the correctness of the analysis, and it is the long road of data
collecting and critical thinking that ehables significant (and not- dogmatically

i accepted) syntheses. Moreover one criticism on present metnoas of mathematics

N teaching emphasizes that they somehow deprive students of the ability to do with
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/In any case, we can admit that the language and some particular features of "new” ..

-in the "International Clearinghouse”(3). But some of the conclusions of the Lausanne

. bability must be introduced, in appropriate ways, in the secondary school mathe-

ERI
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ase the simple calculations needed for a first understanding of science.

2

mathematics cah be directly utilized in connection with the teaching of science,

even at an early stage: examples are easily found: in number bases study, binary
system can be linked with an early study of electric circuits, and the base-ten

gives a @learer understanding of the metric system of units; sets language and Venn
diagrams can be very useful‘in building up systems of classifications, and provide

a check for non-ambiguous definitions. Negative quantities appear in physical !
measurements (electricity; temperature; etc) and vice-versa.some physical quanti-

ties cannot be negative; emphasis on shapes, solids and symmetry can be linked

both with arts and architecture, but also with the shapes of living things and of

crystals; symmetry in particular is connected with the plane mirror reflection;
statistical concepts and tools can be applied to the whole field of science obgerva-
tions and measurements; graphs and their interpretation can be more extensively ,
applied to the study of linear and nonlinear relationships, to introduce the idea of -

the rate of 'change and the rate of growth(14). So, "new" mathematics can be
employed very effectively in the teaching of sciences; but the reverse is also true:
"new” mathematics can find in science teaching a sound background in order to

give the subjects more relevance to the students, and today this is a vital need for
"new"” mathematics itself. New mathematics in secondary schools has been, Ip

fact, recently attacked as an instrument of class discrimination, as it appeals more,

on the average, to the children of upper classes families(15). .
But, even from the standpoint of traditional teaching the opportunity of: linkidg i
mathematics with sciences (via physics) has been stressed in several instances.%\
I will not offer here any detailed mention of the numerous mixed or integrated
and co-ordinated projects for mathematics and science teaching already quoted

Y

meeting of the GIREP in 1967 are perhaps worth recalling¥(16)" *

" In every secondary school, at every level,"the teaching of physics and mathe-
matics has to be tightly co-ordinated. Syllabuses have to be planned accordingly.
Modem mathematics should not be consfddfed as something still more remote from
physics than traditional mathematics: studggls must be encouraged both to recog-
nize mathematical structures pregent in physics and to apply mathematical tools
(in particular algebraic calculat{Gns) to physics. The concept of "model" should '
play a fundamental role both in mathematics and physics teaching. It is not always
true that advanced physics, taught at non-specialistic level needs advanced mathe-
matical treatment. On the contrary, a sophisticated mathematical treatment of a
problem could obscure its physical meaning and implications, Statistic and pro-

matics curriculum. It is of fundamental importance that the language of the mathe-
matics teacher and physics teacher be unified in a common language, in order to

avoid confusion and mistakes when treating similar subjects (the case of vectors

has been discussed as an example; generally the physicist's vector is different from

the mathematician's one). And it could be of real value to stress interactions bet-

ween mathematics and physics in the historical development of scientific thought.

To conclude, any effort of co-ordination in the teaching of mathematics and physics ¢
should be encouraged by school authorities, and the relevant feed-back periodically
examined in international meetings:" .




However, no matter what practical way may be chosen to develop scientific and
mathematical teacliing tn schools, it appears important to substitute the obsolete

. *scfence hierarchy” with a more general "synthesis of disciplines” applying not
only to scientific subjects, but to all fields of cultural activity. On the ground of
the structures that underlie our present knowledge in all flelds, wé could think of -
a kind of flowing link from the logical disciplines (mathematics, structure of the
language) to the artistic and historical subjects (literature, visual arts, history,
social sclence) to the natural sciences (geography, biology, chemistry, physics,
technology). thus linking again with mathematics. In this context, symmetry pro-
vides the structural link between mathematics and visual arts, visual arts and
sciences, sciences and mathematics. - ’

&
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Discussion

It is stated that of course. the connections between physics and mathematics are
close and that a good knowledge of mathematics is helpful for a physics teacher.
) Beyond this he ought to know, how mathematics riow 1s taught to the students.
Difficulties of linking mathematics teaching and physics teaching arise, however, .
by some new trends in mathematics and mathematics teaching. At present the °
mathematical education seems to be more concerned with fundamental questions
than with calculations, the knowledge of which could be proﬂtable for physics.
Mr. THOMSEN reports that special courses of mathematios for use in physics are
given inevitably to overcome this difficulty. Mzéﬁféﬁg:‘lmarks that a physicist
(and a physics teacher) ought to have knowledge“of the Toundation; "tgo, not only
for intellectual pleasure, but also to have profit of it, - It {s regretted that physics
and mathematics partially use diffegent symbols for the same thing; the students
will then not recognize it.
Unt{l now it was only discussed<about the benefits which mathematics provides for
physics. On the other hand, physics gives good examples of problems for illustra-
ting mathematics, ,
Mr. BAEZ feels that the history of mathematics and physics can be helpfil to
. teach integrated mathematics and physics and to show their connections, for
instance by telling how part of mathematics was invented in order to solve a. *
problem of physics. .
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Teaching alternating current as periodic phen?nenon

1. 3

1. Alternating current is a periodic phenomenon and should therefore be taught

in its natural comntext rather than according to the history of its discovery. Periodic
phenomena fascinate young and old alike. The "Hidden Persuaders” know this fact
-well and utilize it often. They know that a shop window exhibiting a periodically
movilg arrangement will attract ¢crowds.’ Periodicity occurs {n the submicroscopie
world as well as in astronomical events and it is obvious in easily observable objects
and processes like heart’heats, clocks, electrical bells, "drinking ducks” and all.
the oscillations demonstra 'ed in school experiments. It has even been shown (1)

- that under certain eirculfistances the numbers of animals of two species in a prey-

. predator population will oscillate around an equilibrium state. The distinction .
between processes g_olng on in one direction only and processes which repeat them-
selves periodically is quite fundamental. Therefore some understanding of periodic
phenomena should be included in any science education. However, school syllabi
mainly deal with one-directional processes and offen constder the periodic proces-
ses only in the special feature of ideal simple harmonic motions, since this pheno- ~
menon can be described by simple mathematics.

. Consequently there is fio time to illustrate the rich variety of periodic phenomena
and to consider their mechanism. The kinematical approach deals with the connec-
tion between SHM and circular motion with the aid of calculations or by use of

. shadow projection. This dpproach indeed makes SHM without calculus accessible
to mathematical treatment, but it does not answer the basic question: how do perio-
dic phenomena come into existence? Even if the simultaneous shadow projection
of SHM and circular motion is really demonstrated - which is done quite seldom -
the kinematical description deals with moving points rather than with real physical
objects and is also restricted to mechanical phenomena. This line of reasoning does
not enable the student to understand electrical oscillations. Therefore other physical
aspects should be stressed more strongly. Restoring forces are easily demonstrated
and will explain to the pupil the to and fro of SHM. The appearance of additional
forces will explain damping ahd other phenomena, but in view of the generalisa-
tions required to understand non-mechanical phenomena the dynamical description,
also, will not suffigiently broaden the students’ outlook. Especially, it will not apply
to electromagnetic Wprations. However we will find that energy terms are quite
suitable for descri::z)varlous features of oscillations like relaxation oscillations,
free harmonic oscillations, damped oscillations, forced oscillations and maintained
oscillations. '
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1
Systems whlch are capable of storing one form of energy only can perform relaxa-
tion oscillations. In an ntermittent slphon for 1nstance (fig. 1) i

Fig. 1

\

water runs from tube (a)into a container. As soon as the water level raisegto hg,
tube (b) will serve as a siphon. If draining runs faster than filling, the draining
stops with the water level near hy and the whole process starts anew. Thus gravita-
tional potential energy - and only this one sort of energy - is stored and released
in this oscillatory process.
Simple harmonic oscillations, mechanical as well as electromagnetic ones, arise
from periodic conversion of two sorts of energy in systems which are capable of -
storing two’sorts of energy, like kinetic and, potential energy or electrostatic and
magnetic energy. Energy leakage out of the system _produces damped oscillations,
and in order to compensate for the energy losses we can drive an oscillatory system  *
by another one and produce forced oscillations imposing the frequency of the driver
oscillator on the slave oscillator. “Maintained or continuous oscillations will arise
when the oscillatory system is capable of triggering once in each period an appro-
priate input of energy from an external source at the right time and maintain its
eigenfrequency. $)
We cannot demonstrate to the regular student the similarity between mechanical

_ and electrical oscillations by the slmllarity of the cofreéponding differential equa-

" tions. Nofcan wé explaip to him the mathematics of damped or forced bscillations.
But as we have seen, energy considerations will enable the students to understand
the generallsatlons of our concepts and to classify the various sorts of oscillations.
The energy notions so far used are taught or can be easily taught in schools. S:Fwe
build our reasoning around some basic simple experiments we cam - and I would
like to say we should - introduce students into the fascinating world of periodic
phenomena without limiting the teaching of oscillations to those phenomena

g
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. which can be exactly described by mathematical calculations. Naturally such a
course must start 'with mechanical oscillations. A segond section, dealing with
electrical oscillations can then-be built on the major physical concepts introduced
previously and structured as far as possible in strong analogy to the first section,

"2. The main conceps retevant for the lowest of such a program are: periedic
process, period, frequency, amiplitude, energy exchanges within an osciljator,
energy exchanges of an oscillator with its surroundings, damping, forced oscilla-
tions, resonance. Only at 4 somewhat higher level would we consider phase rela- "

_'tions. We shall noi outline & minimum course by indicating a selection of experi-

- ments representing the sequence of relevant concepts. We omit formulas, as these
depend on the'mathematical level of the class.

. As a first example of a periodic process the above menfioned intérmittent siphon

is suggested. The“graph of height (or volume) of water versus time s a simple.

sawtooth line composed of straight segments only, Students will observe the fre-

quency which may easily be controlled py varying the water supply. Such a

mechanical relaxation oscillation is desirable for introduction purposes. The

mechanism {s simple and transparent and may be used for purposes of further illustra-

tion. The oscillating parameters (height, volume) can easily and should clearly be

identified. The device illustrates the way automatic flushing works. It can be

quickly assembled. from an oién glass cylinder, a bent thin glass tube and a stopper

(with a hole) fitting into the cylinder.

We will now deal with the usual examples of simple harmonic motion (damped as

little as possible). The students, again, will identify the various oscillating para-’
ters, observe frequencies and amplitudes and the factors controlling them. )

Restoring force and energy transformations within the oscillating systems should

explain the mechanism of oscillating, - .

It is not essential within the context of our @,pproach to obtain a formula for the

displacement as a_function of the time. Probably, the recording of an oscillation

by a sand pendulum (2) or a similar d¢yice, if thoroughly worked out, will serve

the students of a non-physicists course better than formal derivations.

The students then proceed to some selftcriticism. They more carefully examine

the former experiments and observe the inavoidable damping. In addition an experi~’

ment in which the damping is gradually increased should underline these obser-
vations. A circularidisc attached to a metal rod, 12-16 cm long, is attached to
the mass of an oscillating spring. We then fill with wager three cylindrical vessels
of various diameters, the narrowest only slightly broader than the disc. Now we let
the disc first oscillate in air and then in the water. In'air the damping fs relatively
weak and.dn water, the narrower the vessel the stronger thé damping. (Overdamping
-in glycerine- can be demonstrated also). All these. phenomena should be described
in terms of "frictional” forces and energy losses. It is quite natural at this stage, to
‘consider ways of compensating for these losses. The time has come for a demon~-
stration of forced oscillation. In a simple demonstration allowing for a wide range
of frequencies, the vibrations of a loaded saw blade are driven by a rubber band
which is moved to and fro by a stopper eccentrically fixed on the exle of an .
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electromotor. - The velocity of revolutiow is gradually increased.by changing the
voltage. The blade oscillates with the frequency of the motor, and its amplitude
~'of vibration first increases with increasing frequency and then decreases after pas-
sing a clearly distinct maximum. The experiment should be pefformed with various .
loads and/or various blades, and resonance frequencies should-be measured in each !
case as well as eigenfrequencies. Resonance should be illustrated by as many every=
day examples as possible (2, 5).- In addition the film on Tacoma bridge collapse is
a beautfful aid for showing the powerful accumulation of small energy inputs resul-
ting in resonance.
Obviously each of the experiments can be replaced by an equivalent one and
additional experiments or applications may be used.to give the students inareased
familiarity with the main concepts. It is possible, but not necessary to aiso const
" sustained oscillations which represent another way of compensating for energy losses.
The frequency is that of the oscillator and the energy input is automatically trig-
gered by the oscillations themself. The anchor escapement of our clocks represents
this type of oscillation.
So far we have outlined a set of mechanical experiments and concepts w lch are
desirable in order to set the stage for studying alternating current. Of counge, the
later this part of “mechanics” will be treated, the better. A reasonable timing
would be to consider it after havlng studied elctromagnetlc induction,
- . l 4
* 3. Detalled cousses of alterhating current are generally offered.in progra
vocational schools or A-level classes. As a result of both ample time allotmei
» and special professional or scientific aims, the topic is taught to those groups.in a
_ rather sophisticated manner. In schools with less specified goals, we can discern
two types of approacli.. In a more traditional syllabus we find, that after having
. treated some electrdbdynamics and electromagnetic induction, the topics included
- are: generators for alternating and direct current, transformers. RCL- -circuits, some
technical applications of a.c. and finally electromagnetic osclllatlons and waves.
- Often a pure R-circuit. driven by an alternating current source is first considered
while capacitors and inductors appear a bit later as new elements complicating ‘the
original simple situation. The impedance formula is sometimes taught but not
property assimilated by the students.. It is said to be “pure mathematics” and
"hard to memorize”. In the form it is usually written, it gives no physical insight
¢, into the process and turns out to be a meaningless ballast. Some modern syllabt
like PSSC and Harvard Project Physics have drastlcally cut down on the topic of
a.c. and in effect have eliminated this subject.
Apparently it.was felt that the traditional-treatment of a.c. in schools did not
contribute very much to fundamental physics and so it was dropped. Perhaps
Nuffield-O-level Physics is the only school syllabus which shows an awareness of -
the situation. The/Nuffield proggam (3) suggests experiments with low frequency
¢ a.c. obtained from a hand driven generator and appropriate adaptations to the
classroom situation.
Another feature of the usual lnstructional treatment of a. c, is its adherence t®
the historical sequence of physlcal discoveries-and inventions. The a. c. generator,
the commutator and the transformer were ifvented in the fourth decade of the last P
century, Maxwells' ideas grew in the seventh and Hertz' discoveries in the nineth
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decade. So most cburses of electricity truly reflect the hxstorical development. .
.. Moreover, a.c’ sourcef!with variablé frequency were not easily available to,, .
schools until- about 15 or 20 years ago and teachers were practically bound to ‘the .
frequency.of:the mains. So technical eonditions also contributed inman0wing the
- scope of a. c. teaching in the schools. ‘ °
It is, not the aim of this paper to argue against omitting the study of alternating .
current circuits from the school syllabus. -The total time allotted to physics in- '
various school systems ranges from as low ag 100 peripds to some 500 and new .
- topics of current interest are added. So some Jtraditional subjects have to be dropped
e ° and nd‘topic should be exempt from this reevaluation. Nor da we intend ta-amelio-
© .= . rate the situation by suggesting new experiments since beautiful techniques and -
" good surveys of class experiments and lecture’ dembnstrations -are already wxdely
accessible to teachers (1;2;3;4;5). & . .
The question we deal with is: Provided the txme s avaxlable. should we drop a.c.
because it is peripheral to the ‘fundamental concepts of physics or can we find out
~. a set of experiments and concepts relating a.c. to basic physical notiong? Hope-
fully such a presentation would serve a double purpose: first as a complete udit in
' . non-specialist physics egurses, and second as an introduction-to a.c:-in- ampre :
sophisticated program. ® , N
In order to accomplish this aim it seems to be desirable to detach the topic from - .
+ its historic development and to‘tleach alternating current in the general context of -
oscillations. The suggested introduction into a, c. is built around five or six experi-
ments in close analégy to our introduction intp méchanical oscillations. Hopefully,
the students have learned that oscillations are.connected with energy storage and
, release or with mutual conversion,of two sorts of €nergy. We started the study of .
. ntechanical oscillationis with.a glance at relaxation oscillations since these occur
in systems storing only one sort of energy. The same might be desirable in the
study, of electrical oscillations. A convenient example is a device for producing
sawtooth voltage. A direct current is supplied.to a variable high resistance in series
with a variable capacitor. A neon lamp is connected in parallel with the ‘capacitor .
(Fig. 2). Periodic glow is observed in the lamp o '

s
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. The period is easily controlled bxva rying the resistance or the capacitance or the
source voltage. This experiment introduces periodical electrical-phenomena, - but
only one form of energy can be stored in the system: the electrostatic energy of

'
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the charge, contrary to the.oscillation circuits we are going to study latet which |
can store two sorty of energy. Emphasizing this basic diffgrence {llustrates the
important role of ergy transfer in oscillatigns.
The second experirhents, students’ first confrontation with electromagnetic oscilla<
‘e tions, should be organized in a rather spectacular manner."'I'he students should be
’ able to observe thoroughly the prgeess and to discern between the main elements
= of the oscillating system. Therefore very slow oscillations must be set up. The cir-
cuit will contain a coil of 20000-40009 turns with a closed iron core, ' a condenser_’
* -+ of 1-204F and 2 suitable meter. The condenser-will be charged then the circuit ®
' Glosed and at least 4-5 very slow oscfilln ons will clearly be i,ndfcated by-the maéter.
The freqyency s about one c)fcle/seQ?ﬁﬁ cdn be controlled by changing the capaci-
Tance and the inductance. The students will see that increasing L or C decreases
the frequency. But-first of 411 they will study the interplay between the storage and
telease of the electrostatic ‘and electromagnetic eneggy and describe the process
with, the aid of suitable-diagrams. & S
~The'oscillations quickly die out, but this m{ght prove to be an advantage, since
analogies to mechanical oscillatigps can be drawn in several respects, There is a”.’
storage and a. mutual exchange of two serts of energy as well as damping, which -
.., is familiar to the studenis from prior studres, and they know that damping means ’
« - leakage of energy. - ’
[ The currents and voltages which appeared in the oscillation circuit will be ca11ed
altemating currents and alternating voltages. Just as in the case of mechanical
- oscillations we shoilld present various ways of producing oscillations i, e. oscillating
" voltages and currents and alsp a variety of related technical devices. Some simple -
«dévices will be analyzed an\clearly eXxplained. Meanwhile the more complicated
- ones will bk intreduced as black boxes. First we show the Nuffield (3) rotating slow *
AC generator which is'a periodic potentiometer A flat coil resistor with $wo '
brushes rotating in contact with a cofl gonnected to a d.c. su of, say, 4 volt.
The output voltage picked up from the brushes will oscillate betWeen plus and
‘minus four volt. We can Totate it by hand gr with a motor. The Jimportant point .
" is that this mechanism of alternating the voltage is'simple an _ v
understanding is not dep¥nding upon insight into electromagiietic phenormiena. Then *
. we present a somewhat more sophisticated source of a. c. voltage: a cofl rotating
in a suitable magnetic field or resting near a rotating magnet. inally the sinus
and square wave generato? is introduced as a black box. The sduare wave generator. .
is presented as an automatfc switch which supplies and oppresses intermittently a
d: :Ca voltage during equal but variable time intervals It is advisable to use the
frequency, scale of the square wave gnd the siné wave generator as the basic t1mer.‘
- but the students must get some opportunity'to calibrate it by comoparing a few fre~
o quencles with that of the mains.
Our indicators, also will briefly be explained or demonstrated They are a loud- .
speaker, an os scdpe and meters. It is highly desirable to introduce the oscil- .
loscope in thie earlier stages of teaching electficity, but if it has beeri omitted, it*
+ " may be done nbw. shouHd also demonstrate. if possible, that with increasing
frequency a milli-amméter or a mictoammeter fails to respond to the oscillations
* while the oscillékcope does respond. Finally we provide the meter with a diode
and compare again the respdnse- oi both. meter and oscilloscope. IR
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Having explained these technical details we return to the madin line of reasoning. |
So far we have observed very slow electromagnetic oscillations.” We car Tow - |
in our third experlment - show the same phenomenon at more usual dimensions, ‘
in the frequency range of - say - a few thousand Herz. We have only to change

L and C appropriately, to replace the meter by an oscilloscope and the d. c. source
and the switch by a square wavegenerator. The oscilloscope displays all the essen- ‘
tial features of the oscillations. Various degrees of damping can be studied and '

" its causes be discussed. 'The main issue i3 that we can measure the frequencies. ‘
This is done by comparing the oscillogramm of thie squarewave used for exciting
the oscillations and the number of oécillations on the screen. The students will see
again how the frequency of the oscillations varies with increasing or decreasing
capacitance or inductance. .
The concepts the students have beeh “famxliarized with by the first three experi-
ments are: relaxation oscillations, electromagnetic oscillations, energy conversion
during these oscillations, amplitude, frequency and damping. They are also aware
that a series RCL circuit represents an oscillatory system with a natural frequency

¢depending on L and C. As in the case of mecﬁamcal oscillations we now consider
_~  oscillations imposed on an RCL circuit by an external alternating voltage, i.e.
forced electromagnetic oscillations or altérnating current fed into an RCL series
circuit by an\d’ c. supply. Of course this fourttr experiment must be performed with
the same circuit elements we have used in the third experiment. Assume we found
an eigenfrequency of 10, 000 for that systemi. Now we insert a suitable microam-
- meter and an oscilloscope in parallel and drive the circuit by the sinewave genera-
. .tor gradually increasing the frequency from 1000 to 20. 000. The students will
clearly notice a maximum of current at 10. 000 and will recall - or be reminded
of ~ the mechanical resonance experiment. The energy losses by damping and the
problem of compensating for them will be discussed anew, this time with respect
+  to €leetrical oscillations. The driving alternating voltage source is the "driver
oscillator” and the RCL circuit the "slave dscillator” (resonator) which perfornis -
forced oscillations. The varying amplitudes reflect the response and the students
find that the amplitudes increase when the imposed frequency f approaches the
natural frequency fo. The students might say "the nearer f is to f, the more energy
is absorbed. " Theydraw a parallel between the various sorts of oscillations and
classify the phenortténa by using energy concepts. -
These considerations are not strictly conclusive, but a further -experimept will do
- - both reinforce the latter argument and connect our findings to more-familiar
dimensions and phenomena of alternating current. This fifth experiment intro- ~
duces "tuning” and we take the opportunity of using the frequency of the mains.
A ol with an iron core a variable capacitor and a bulb are connected to a 3 volts
transformer. By varying the capacitance and the inductance - the latter by moving
the iron core of the coil - we vary the brightness of the bulb. The students find
that resonance can be established also by adjusting a circuit to a given frequency
i.e. changing the circuit parameters in order to bring fo'near a given f. Further- .
more the energy input of the circuit is demonstrated by the energy consumption of .
the bulb. So we accomplish the considerations following our previous resonance
experiment. -

-
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. 4. We have completed our introduction into our minimum course of alternating
current, but once the students have experiences with everyday appliances they
can separately study the influence of the various elements of the RCL circuit afid
examine circuits containing mainly one of them 4% usually taught4n school classes.
They can procéed to study a. c. appliances as motors, transformers and generators.
At a higher level they would study phase relations, and there are various effective
ways of demonstrating the related phenomena. At a still more advanced level the
7{nathemati(:s of all these things can be'studied. It seems to be desirable to derive
he differential equations of the various phenomena: from corresponding€nergy
equations. So the mathematical theory may reflect clearly the intrgductory course
we have qutlined. .
FinalZ a brief remark on the impedance formula which generally is written as:
2 =[R2 + (Lw-YCw)2]/2 If the students have recognized thatw? =1/LC
- while_studying free oscillations -, we should rewrite the formula by:
z [\R2+L2 “2@2 - »02) 2] 1/2. In this form the formula is quite meanmgful
because it is now obvious that @ =w.g means resonance. (Oflcourse all this is be~
yond the scope of the present paper!) v e
The set of simple basic experiments which has bgen suggested used the oscilloscope
and ft seems indeed that sooner or later this instrument wilf be a standard requ1sit
of physics teaching like voltmeter and ammeter. However, for emergency cases,
it may ‘be noticed that even witheut an oscilloscope resonance experiments in an
RCL circuit can be performed at the range of a half to 1 Hertz., If e insert the
Nuffield slow a.c. generator in the RCL circuit which we used for ¥ very slow-
oscillations (with 20/uF and a 30000 turns coil w\ith closed iron core) a maximum

. __1esponse of the circuit at the eigenfrequency can be observed w1th, the aid of a
suitable center zero microammeter. The resonance is ‘quite sharp and clearly
discernible- ’ A

" Finally, some remarks on the literature: Recently. modern university text books
began to present a. c. in the context of oscillations, but I did hot find, so far, any
school text-or syllabus with a similar line of reasoning. This is not so surprising.
The modern aim of teaching funddmental physics is based on a ‘scheme of theoreti-
cal concepts of mathematical or otherwise sophisticated nature. ‘As we lack the .
mathematical basis, we may doubt whether we can teach fundamental phiysics in
gchools, but fortunatély we can replace the' mathematical language by energy
terms in order to unify the treatment of electrical and mechanical oscillations.
In the educational literature we find a tremendous variety of definitions of the
aims of teaching a. c. A new Scottish syllabus for general science claims - quite'
sensibly in its context - that the students should "be aware that there are d. c.
a.c.”. An American doctoral thesis on the other hand c6ncer‘r'ling‘ teachers’ ¢

range of 50~500. I would not like to suggest a simple formula or a set of i
principles, but rather point out the desfrable line of reasoning and say: In

treated outside the general physical context. The dependence of the Zrrent upon
each of the various cireuit elements, like R.C.L. is considered separately. The
method here suggested begins with the oscillating system as a whole and studies

its natural frequency and especially resonance. Alternating current in an RCL series

.
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circubt{presented as a phenomenon of forced oscillations, So a natural bridge is
built between electrical and mechanical oscillations of various ranges and the
comparisons ma¥y L. uuderstood. ridus Lhe System we proceed to the studying of

the action of the parts of the circuit as far as the’ level of the class allows. .
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Discussion

4 U

. Summary of the discussion o
- (In bracketts/ the replies of the lecturer).
l b

1. In an article of D.C.F. CHAUNDY, (S. Bibliography) a similar approach has -
been presented. . ’
{(CHAUNDY s article has already been quoted in the bibliography of‘the pre- >
conference ‘paper. Its underlying philosephy seems to be indeed quite similar
to the one we have outlined, However, CHAUNDY only d;s’cribes experiments,
whilst our intention was to develop *a conceptual sequené€ as a part of a
syllabus). - .
* 2. The intermitt®nt syphon has been described as a part of an ancient clock in
the second century B.C., but my aftempts to reproduce it have so far failed, <
Instead of infermittent behaviour a steady outflow occured (If the bend of the
lower tube is smooth enough and the rate of inflow small enough the inter-
mittencies always appear). o
3. The lecturer suggests introducing the oscilloscope quite early. How can it
be done? o ’
(Two essential-points must be explained. The electrostatic deflection of the
electron and the time base. Various vacuumtubes for showing the deflection ,
of electrons are available and the field between tWo parallel plates is investi~
gated in most courses. The general concept of a time base of a recording
instriment may easily be demonstrated by recording thermometers, baro-
meters, .and hygrometers which are found in small "weather stations” in public
gardens. The special feature of the oscilloscope time base is quite attractive
to students. It can be taught as explained in the present paper). o
4. Why should we prefer to introduce,a. c. as a special form of electromagnetic ) '
© oscillations? What is wrong with the common sequence of electromagnetic
induction, dynamo, alternafing cirrent? .
(The answer depends on the details of the curriculum. Provided you aim at
howing the existence of a, c. only, any method will suffice. But if you conz
Eider the dependence of the current in a.c. circuits upon the various para- ¢+
meters, the natural context is the general phenomenon of forced oscillations).
5. The lgcturer has suggested restricting quite drastically the teaching of simple
harmgnic motion, but he uses the spring and similar phengniena in his experi- .
ments. What should be the place of SHM in school-teac}fing in his opinion?
(It is indeed not desirable to 1imi} the teaching of oscillations to SHM oply
and to spénd too much time on related mathematical calculations. However,
we should‘begin with SHM as t¥e simplest form of oscillations and if we are
short of time or if our students are not deeply fnterested in mathematics, we
should reduce the cglculations and - 4nstead - let the {)upils see the large
variety of oscillatory phenomena in our world). ’
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6. Can pupils in scﬁdl' uﬁderst'gnd the basic singilarity of mechanical and .
© - eleetr Asy

(Ina few pilot trials we found the pupils quiteyinterested in this way of
~ thinking and they displayed good understanding. However, our rather limited
weeeemr . .£Xperience does-not allow us to make p more definite statement, but it does
, --encourage further trials). k

M. Feuchtwanger
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Arturo Lorio ahd'G. Partesotti -

4

. Introduction of quantum physics (not quantum mechanics) into the
" secondary school syllabus .
“

(Paper read by Arturo Loria) \

In the " Annual Traiping Cousse of Teachers of Physics” (1) which is now in progress ~1
for the third year at Modena University, and in the "Summer Refresher Courses”
entrusted togour IM the Ministry of Education, we too are aiming at study-
ing how to introduce concepts of modern physics in the Secondary Schools. °
We think that quantum mechanics proper is not in itself a suftable subject for
P inclusion in a Secondary School syllabus, for not only does it presuppose consider- R—
- . able mathematical expertise, but it also raises difficult points of interpretation. :
We strongly believe, however, that quantum physics can and must be treated at
Secondary School level: further, we maintain that this is the first step we should
take’in order to achieve our aim. -
As a matter of fact, at Modena we started by considering the problem of intro-*
ducing special relativity into the Secondary School syllabus, because, firstly,
there was considerable, widespread interest in the subject among local teachers,
and, secondly, we were in the fortunate position of being able to base our work on
the vast body of'Pr,actical experience deriving from numerous research projects
successfully catried through previously in other countries. ‘The actual work was
mainly the responsibility of Silvio Bergia, who made his teaching notes available
in preprint form(2). '
As for quantum physics, work was already started in Modena -some time ago on
teaching apparatus(3). but it was not until the academic year 1970-71 that the
problem was tackled in its inherent c0}np1exity, considerable progress being made
during the Summer Course held in september 1971. During this second phase we
have the invaluable collaboration of Bruno Ferretti, whose lessons are now available .
in preprint form (4)(5): we emphasize that-this material, a brief description of
which follows, is meant for secondary school teachers, and not for their pupils. ‘
It is well known that quantum physics has finally demonstrated the stability of
atoms, and hence of matter. It seemed to us that the subject is, of such importance
and interest as to arouse the curiosity of young students, providfng of course that
they have been previously taught to recegnize that this stability itself represents
+ "" a problem, and one which cannot be solved by classical physics.
On the basis of the principle of equipartition of energy, which relies on classical
mechanics and on Boltzmann's law of statistical distribution, Perrin showed that
atoms in the etymological sense actually exist. However, many other experiments,
notably those of Zeeman and Rutherford, were gradually building up an increasingly’
reliable.and exact picture of an internal structure of atoms, according to which,
when the principle of equipartition is applied; warious experimental results are not
obtainable, for example those concerning specific heats. Hence the choice between
abandoning either classical mechanics or Boltzmann's law.
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The experiment of Frank and Hertz, which affords direct confirmation of Planck’s
.hypothesis, namely that-energy exchanges between matter and radiation do not .
occur continuously but in quanta, suggests a way out of the dilemma. In classical .
mechanics the energy of a system of particles {s a continuous quantity: that this
energy should, however, be limitéd to a certain set of allowed values is foreign
to classical mechanics, which must thergfore be modified.
Taking into account the order of magnitude of the internal energy levels, and that
of the kinetic energy of the atom "as a whole” at room temperature, we realize,
firstly, that in the conditibns under which Perrin was working the atoms behaye-just
as if they really had no internal degrees of freedom, and, secondly, that the
. crete values that the energy ‘of the atom “as a whole” can assume are so close to .
one another that this energy varies almost continously. Perrin’s demonstration of .
the existence of atoms is therefore undoubtedly correct, even if we accept, as we
must, Planck’s hypothesis.
Itis known that classically the specific heat of the atoms is negative: e. g. the
“kinetic- ‘energy of the electron of H increases when the atom radiates. This would ,
lead to a complete and, moreover, rapid collapse, with the electron falling onto -
the nucleus. It happens, however, that in cbnsequence of quantization there is a
minimum of total atomic energy when the electron is at a certain distance from
the nucleus and that this energy increases rapidly as the distance tends towards .
zero.” In other words, intense repulsion occurs. In this way, the funddmental level
‘of H originates, collapse no longer occurs, and the stability of the atom is .
assured. .
If these new principles arg accepted, and there seems to be no reason why they
should not be successfully taught at secondary school level,  many experimerital
results which were incomprehensible according to classical physics can be ex-
plained:it is possible not only to establish the correct behaviour of specific heat, -
but also to solye-the problem of the characteristic spectra of atoms, questions which
as we have already seen,ate anyway bound up with the stability itself of matter,
,With Pauli’s prlncxpie the periodicity of Mendeleev's table can be understood, and
the atomic stfucture of the different elements determined. Also, the behaviour of
insulators, condugtors,~and semiconductors is explained
From the teaching point of view, it is particularly important to note that the
homeopolar bond can be explained at an elementary.level, thereby passing from
the stability of the atoms to that of the molecules, and that, similarly, it is pos-
sible to understand how the laser and the transistor work. .
The last part of the program sets out to develop the concept of photon by discus-
sing the photoelectric and Compton effects, to show wave-corppscle dualism in
the light of the Janossy experiment, and to expound the meaning and some impor-
iant implications o Bohr's principle of complementarity. 2
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See the proceedings of the "International Conference on the Education of
Teachers of Physics in Secondary S¢hools - Eger, Sept. 1970,

S, Bergia: "Insegnamento della Relativiti Ristretta nella scuola secondaria”
Nov. 1970. .

The second edition (feb. 71) may
Modena University. .
A. Loria, R. Cecchi, R. Randighieri: " Apparecchio didattico per la
determinazione calorimetrica della costante df Planck” - Giornale di Fisica IX,
278 (1968).’

Lessons by B. -Ferretti regarding the introduction of notions of Quantum .
Physics in the Secondary Schools, collected by G. Partesotti (March, 1972).
The preprint may be obtained from the 1nstitute of Physics, Modena Universfty.
A number of undergraduates working with the guidance of C. Bonacini produced

degree dissertation which have made an effective contribution to our work.
14

be obtained from the Institute of Physics,.

147




Discussion

Mr. THOMSEN asks, why a choice has to be made, if to teach the theory of .
relativity or quantum physics. Both are important, and partly they interact. i
Mr. LORIA responds that in Italy it is at present very difficult to introduce changes
in the traditional curricula, because these are rigidly fixed by the State, and be-
cause time devoted to physics is so scarce that teachers hardly manage to teach
what they must teach. e

1t is discussed about the best way to introduce quantum physics. The author prefers
to start with-the stability of matter rather than with the Bohr atom. Mr. BAEZ
thinks a start which includes a historical view; to be profitable and enlighteningt
Also it is suggested to begin with the photoelectric effect. .

Mr. LORIA replies that he would prefer to leave alone a model;whlch is not only
definitely obsolete, but also very far from what we believe fo-day about atomic
structure. He also emphasizes that one might have a quite satisfactory historical
view even by following the way of the stability of matter. :

The author is going to publish and to fmplement his educational material.

148 .
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Mieczystaw Sawicki .

Teaching physics to gifted pupils

iz
. e
In 1969 an experiment was initiated in six schools which provide Instruction in the
field of physics and mathematics for able students. Research in question, carried
out under the scientific guidance of professor W. Okofi, pertained merely to the
teaching of physics.

. Two main hypotheses were set forth:
.~ 1.1 Teaching physics to able students becomes more efﬁcient 1ifa special
- gradation and selection of content is introduced, considerably differing
from that prepared for the rest of students. oo

1.2 Teaching physics to able students becomes efficient if the following
teaching methods are introduced, i.e. teaching by discovery,.teaching
through research and teaching through emotlona].g@edence (according
to W. Okorl). )

2. Vedﬁcatlon of the first hypothesis required a special curriculum for grades L
and I of the secondary school (students aged 15-16) which was constructed
according to the principle of structurizing the teaching content by means
olf the matrix method ( Annex I. Mechanicszfé‘gpésented uniformly with-
out division into classical, relativistic and quantic. The basic concepts are
the following: frame of reference, transformation and invariant, while the
basic law is that of conservation. Relativistic physics in a geometrical shape
(Minkowski’s diagrams) is introduced at the beginning, so that it can be
used wherever it is possible, e. g. in electrodynamics. Although not many
laboratory tasks were prepared there was much time spent for them. Im-
portant role is played by mathematical logic, theory of sets and - to a smal-
ler'degree - algebra and the theory of function. Both vectors and graphs are
introduced at the very beginning.

‘Verification of the second hypothesis required

2.1 providing students with the opportunity to use university workshops for the
freshman year,

2.2 fintroducing a non-rigid approach to the problem of textbooks (each student
could select a textbook),

2.3 -introducing a group-problem-sqglving method (students worked fn groups of
two or three),

2.4 constructing special problems for students,

2.5 emphasizing techniques of intellectual work.

149

ERIC - - 143

PAruntext provided oy enic [N B




3. In the dourse of the expefiyment the following research instruments of both
didactic and psychological nature were used:

3.1 test measuring students’ attitudes toward science (1IEA, 1965) administered
twige: at the.stage of selecting able students, at the end of the first year
of instruction,

3.2 Wechsler's intelligence test,

3.3 test rﬁé&uring the understanding of basic physical concepts introduced in
the course of instruction in the primary school which was admimstered at
the stage of selecting able students,

3.4 test measuring the understanding of basic concepts and laws of mechanics,
administered ak the end of the first and the second year of instruction,

3.5 test measuring the understanding of basic concepts and laws of electro-
dynamics, administered at the end of the se:cond year of instruction.

4. Fimst research results -«
4.1 ConCepts of trangformation and invariants in physics are we)f understcod
by 14 and 15-year-olds. . ,

4.2 Basic concepts and laws of relativistic physics in a geometrical represqnta-
tion are also well understood at this age. ‘

4./3\ Teacliing basic conceptual structures, for instance, the law of conserva4
tion speeds up the learning and activates the educational process.

4.4 The experimental curriculum elicits a positive transfer of concepts al"l:?
laws from the field of mattiematics and especially of algebra of sets and
mathematical logic.

4.5 The introduction of the what-ﬁre called general problems considerably
increases the students’ interest‘in physics.

@ 4.6 Teaching physics to able students requires
- to individualize instruction in the field of curricula, textbooks, problems
and learning speed, .

- to replace lectures by individual or group work according to the problem-
solving method,
- to adjust types of laboratory tasks to the level of the students’ knowledge
and to give them the opportunity of selection.
4.7 No correlation has been stated as between achievement and
- amoynt of education in parents, |, '
- environment, .
- attajnment in physics in the primary school
- attainment at the entrance examination
4.8 Positive correlation has been stated as between the students’ achievement
o and ) .
- 1Q. - N
- amount and type of reading,
- amount and type of independently solved problems
- sex (girls revealed lower achievement). S
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. Table 1: The Structure of the Cu;rici;lum for the 4-Year-Course . T,
' : ' &eétr% ‘ Thermo
: Mechanics . magnetiém dynamics

T - T

The Atemic Structure of
. Matter.and Electromagne -
’ tic Radiation

Elements of Nuclear
Physics

Annex I .

Physics for talented pupils .
(School of Mathematics and Physics) ‘ -

o1 The first year of teaching (pupils aged 15) . ’

1.1 General structure curriculum of teaching in the first year
The subject of the first year teaching of physics in a mathematics-and-
+ physics school is mechanics. It is no more divided into classical, relativistic

; and quantum.

! Here the following notions are fundamental the reference system, trans-
formation and its invariants, field, reaction and energy. The basic laws.
however. are those of conservation and symmetry.

The most popular language of didactic description is graphic representation
(diagrams). It enables the studentsQo understand,mechanics as the section
of physics dealing with space-time and bodies. This visual presentation 6f
physics in a geometric style causes good transfer of general ideas of space-
time into qther section of physics such as electrodynamics or atomic

physics.
In the process of learning the following factors are widely used: vectgr
analysis, the language of algebra, the theory of multiplicity and mathe- . .
*  matical logic. The new kind of problems (general onesy is being introduced |
and sqlved C
. . . 151
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Physics laboratories enable the pupil to verify the basic laws through experi-
P ments. They make him acquainted wrth some simple techniques of a scienti-
. . fic experiment
2 The Wide, applying of electrical methods in mechanical experiments appears
’ to be the characteristic feature of these experimental work.
1.2 . -Sylldbus
~. -, .The third version modrﬁed after having been tested for 3 years on a sample
of the population of about 200-300 pupils (the children of peasants and
workers) in b¥g industrial towns and in rural areas. B
1.3 .Mechanics -
N 1,3.1 Motion and Forces (30 h). .
The Scientific method. Vectors the language.of Physics. Velocity and
Acceleration, .Some applications the fundamental {deas of kinematics.
The radial component and the transver3e component of acceleration (cen-
tripetal acceleration). Inertial coordinate system. The Galilean transfor-
. mation. The PrinC,iple of relativity. Invariance Principles. An introduction
to forces. The nature of forces. 111 Newton's Law. Mass-and Newton's
second law. Momentum of particle. Non-inertial coordinate systeni,
D'Alembert’s,Law. Inertial forces. Forces in circular motion. The Coriolis
*force. Friction. Classification of forces. : . -
1.3, 2" Relativistic kinematics (8h) -
s Michelson-Morley experiment. The postulates of the spéciaf theory of
relativity. Minkowski diagrams. Space and time in relativistic kinematics.
_ Length contraction. Time"dilation. Simultaneity. TEe Lorentz transforma-
s tion. Relations between velodities. The u;terval Light cone.
J‘ & 1.3.3 Energy gnd Field (30 h) -
S Conservatlon of momentum. The relativistic mass. WOrk and energy ‘ ’
- Kineti¢ energy. Relwtion between: momentum, rest energy, kinetic energy. '
- Transformation of momentum, energy and force. Work, force and energy.
work and.potential energy. Conservative forces. Hamiltonian of mechanfcs
.. System. Seme applications cénservation laws. The potential energy graph.
“potential well, Gravitational force, constant, mass. ‘\Gravitational field.
‘'Lines of forces. Total number of lines. Gauss's Theorem. The field strength.
T * Some problems of field theory: gravitational potential energy, the escape
a velocity. The center of mass. The inertial mass. Welght Non-inertial
) , coordinate system and gravitational field. Einstein's principle of equivalence.
———————Some problems 1 genefat theory-of- re}at{v{ty—(-spaee—tfme—kfnen‘
ot coordinate system, space-time mass). I‘he Chronometer in gravitational ﬂ
_field, - . -
1. 3.4 Rotational ‘ﬂynamics(l o hy ® |
e # Torque momentum. Moment of inertia. Rotation41 kinetic energy Angular |
momentum. Conservation of angular momentum. Precession. Gyroscope. g
- ‘} 35 Practical Physics - part 1.(15 1) : .
- . The Vernier scale. The mrcrometer screw gauge. Verlfrtatron Newton's
Law of accelerated motion. ' To measure the acceleration due to ‘gravity a
free f511 methdd. The second Eaw of rotational motion. - Coefficient of
-° dynamic frictlon for woogl on wood. Maxwell s wheel (fly whegl)

a ™
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© 1.3.6

Introduction Hooke's Law. The equation for simple harmonic m

The simple pendulum. The period (T). Rotational simple harmo motion.
- The energy associated with aff oscillating object. Damped oscillations.
Resonance of oscillation. Superposition of two vibrations. Wave motion. The
Phase, period frequency, amplitude, wave-length, wave front; intepsity.
Some other forms of travelling waves (longitudinal pulse; transverse waves). '
-Reflection wave. Refractiop. Refracitive index. The equation of 2 sinusom
idal travelling plane wave. The Huygen's principle. The diffraction-wave.
Superposition of waves. A mathematical description of interference. A
mathematical description of stariding wave, ' The phenomengn of beats..

The amplitude modulation ‘of waves. Wave groups and .group velocity.
Dispersion. Fourier analysis. The Doppler effect. Relativistic Doppler °
effect. Polarisation. The application of wave theory to sound.

‘9

1.3.7 Practical Physics - part 11 (15 h) ' ’
Decay of oscillations of a simple pendulum. Modulus of rigidity using a
torsion pendujum. Investigition of superpositiori of vibrations. (Use of the
- _. cathode Tay oscilloscope) Velocity of sound in brass using Kundt's dust tube
. Table 2: "The Logg:al:Structqre of Mechanics (First year of instruction) R
T e .. ' Classical o .
‘ Theory : o
) * R ' ‘
f ’ Quantum . Motion Relativistic
o Theory i - and Force Theory
i hd * Conservation S
- .| Laws and Inva- .
W - riance Principles . V"
' ~ o ) : ‘
. . i ‘ l S e ) '

4
|
o
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2. " The second year of ,Le/a/ching (pupils aged 16)

2.1 General Sga/ct re Curriculum of Teaching in the Second Year
Electjol fcs is another structure of notions to form the pupil's view
upon nature in the terms of phenomenology. g
the. central ideas ares: the idea of the electromagnetic field and its
)e{eiant reactions. -
" The pupil approaches the mathematlcal model of that kind of field
»" (formed by J. C. Maxwell's lawg) by generalization of facts or detailed
- ideas \
" Hére the following methods of learnipg are used: the study of the invari,
ance of quantitief and laws, the description of some phenomena frorh
the point of view of different coordinate systems, the use of formal ana-
logies between the idea of a field in rhechanics and electroﬂynamlcs the
_graphic representation of the processes and dependence, and the frequent
use of all the basic notions in mechanics. o
At this stage of learning the following elements are added to the language
of mathematical description: the elemantary calculus'of derivatives, the
complete vectgrial calculus and the basic methods of vector analysis.
Gauss's theorem is also of a~great didactic functian. N
The electromagnetic field is introduced as the product of relativity, Only
the vector B is used.
The phenomenon of electromagnetic inductfon is described from the point
of yiew of the ipertial system. .. -
. . The procedure#?he quantization of the electromagnetic field is intro-
" duced. .
The aim of the physics laboratory is toacquaint the pupil with the measuring
apparata, to igstruct him how to measure the electrical quantities and to .
make him understand the fundamehtal processes at the base of which lies =
the electromagnetic reaction. . >
2.2 Syllabus 2 .
The second version modified after having been tested for 2 yearsona -
sample of the population of about 200 pupils from b1g cities and industrial
and rural areas.

2.3 Electromagnetism
2.3.1 The electric field (54 h) ~
2.3.1.1 The electric field in the vacuum (12 h)

-Electric charge. Coulomb's Law of Force. Intensity of the electric field.
The superposition principle. Density of lines. Gauss's Flux Theorem.
mples, use of Gauss's Flux Theorem - Field of a-uniform spherical
shell of charge. Field of sph®rical charge distribution. Field in region a
charged cylindrical conductor. Field out from an inifinite plane of uniform
<harge density. Field of an electric dipole along axis and normal to axis.
Work and potential energy. The conservative nature of the.electric field. :
~ Potential difference and potential. The superposition principle applied to
potential. The gradient. Relativistic electric fiéld.effects,
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2 3.1.2 The electric field of the presence of matter (6 h)
Dtpole in the electric field.Vector D (electric displacement). Polarization
vector. Boundary conditions at a Dielectric surface. Polanzability

‘ Segnetoelectric. Piezoeffect. . -
X 2.3.1.3 Conductars and Electric Fields
\ Charge distributions in conductors. Vector E in conductors. Capacitance. .
Capacitors.

2. 3.1-4 Electrostatic Stored Energy=~(6 h)
! The energy systems of charges. Energy of the conductors. The stored -
energy density.
e 2.3.1.5 Currerit and circuits (14 h)
Electric Current. The current density. Resistance, Resistivity. The Ohm’s
kaw. Energy exchange in a circuit. Electromotive force Kirchhoff’s Rules.
2.8.1. 6 Practical Physics - part 111 (14 h) )
Fundamental electrostatics experiments. Estimations permittivity of air. .
To investigate the charging of a condenser through a resistor. Measure-
ment of capacitance. Estimation of e/m Millikan'sfwet_hods. The use of
the potentiometer. Verification Ohm'’s and Kirchhoff's Laws.
2.3.2 The maghetic Field (20 h) - .
' The magnetic force between current elements vector quantity B, The
- permeability of free space. Relativistic modification Coulomb’s Law.
) Biot's-Savyart’s Law. Amperes circuifal 1aw. Ampere. The magnetic
dipole. Forces on isolated moving charges. The Lorentz force equation.
Motion of charged particles in electric and magnetic fields. The unity
of electric and magnetic field. Magnetism in matter Paramagnetism,
diamagnetism and ferromagnetism.
2.3.3 The electromagnetic Field (40 h) )
Induced electromotive force. Faraday’s Law of Induction. Lenz's Principle.
) {Motional electromotive fotce. Mutual inductance between two circuits.
Self-inductance. Stored magnetic energy. Alternating - current circuits.
Sinusoidal time variation. AC voltage applied to resistors inductors and
capacitors. Vector diagrams (complex numbers). Series LCR circuit. Paral-
lel LCR circuit. .Power in AC circuits. The applications f induction.
Oscillating circuit closed and open oscillating dipole. The LC oscillatory
. circuit. Maxwell’s equations. Electromagnetlc waves. Tuning and detec-
L ting'radio waves.
2.3.4 Practical Physics - part IV (20 h)
. Verification Biot's-Savart’s Law. Estimations the Magnetic Force between
current elements. Estimation of e/m using the "magnetron effect” and by
° a deflexion method. The use of the ballistic galvanometer. E‘lectromagnetlc
induction. The self-induction of a coil. Investigation of RC,LC,RLC
. oscillatory circuit. The characteristics of a diode and triode. Resonant
Seedback oscillator, Tuning and detecting radio waves. !

' i
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3. The third year of teaching
3.1 - Introduction to thermodynamics - =10h
- 8.2+ - Eléments of statistical physics -15h
3.3 - The atomic structure of matter - 20h
3.4 - Solid state -3h
3.5 - Liquids - 20h
3.6 - Gases -20h
4, The fourth year of teaching » ‘
4.1 - Radiation and matter - 3h
4.2 - Nuclear physics - 20h N
4.3 - Practical physics - 50h
‘ .
Table 3: The Logical Structure of Electromagnetism
(Second Year of instruction)
V4
The Electric
. Field
Relativistic
Theory of
v Electromagnetism
The Magnetic
: Field
The Electro-
magnetic Field
’ Quantum Theory of
” Electromagnetism
4 .
Flectromagnetic
Waves -
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V. On the evaluation of science teaching
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John P. Keeves ‘

The IEA séience;project .

3
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- understanding of the relations ips between inputs angd outcomes of the educational

> procss. “This knowledge a perience could now be applied to studying such
relationships in other agéas. Henve the IEA project entered Phase II. .
In the autumn of 1966 \{(EA formed an internatior®1 gobmmittee for the IEA Science
Project which was chaired\y the English represeni?gl(:a Mr. L. C.Comber, who .
had recently retired from the position of ope of Hef Majesty's Inspectors. Professor
Karl Hecht of the Federal Républic of Germany was a member of this Committee,
supported by seven other committee members from different countries which were.
taking part in the project.
At the same time each._research center participating in the study formed an IEA
National Science Committee. The competencies represented on each committee
were expertise in Science, 'in the teaching of Science in schools, and in test con-
struction. Table.1 lists the countries taking part in the IEA Science Projectand
shows the levels at which testing took place in each of the countries, It will be
seen that not only were most of the countries of Western Europe represented, as -
well as the United States, Australia, New Zealand, and Japan, but four developlng
countries, Chile, India, Iran and Thailand were also involved. .

The importance of the inquiry to science education

*The inquiry was planned at a time when in many parts of the world the nature of
Science education and its contribution to a general education, as distinct from a

.~ specific training, were being closely examined. The traditional patterns of science--
teaching, affecting both subfect content and methods of learning, were giving way

to new programs, “often under the stimulus of curriculum projetts organized on a

large scale and employing new approaches to curriculum reform. It is true to say

that the inquiry was made at an important stage in the history of Science education

"and that the results obtained will be viewed with great interest and mav influence

considerably the direction of future progress.

In thischiauging pattern certain aspects stand out:

- Traditional content is frequently being pruned away, and new and sometnmeg
untried topics are being substituted.

- Methods are changing, too. From quite an early age a spirit of inquiry and investi-
gation s being infused into the work. As a result the methods of study and the
attitudes developed are considered to be least as important as the knowledge
acquired. .

- -~
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Changing methods are linked with the natuge and extent of the practical
- experlence provided in the laboratory. Countries and schools.within countries *
would appear to differ markedly in their emphafis on laboratory experience.
>The outcomes of theése differences tn practice, which stem from financial con-
sldﬁrations and the level of technelogical development in the area or country
concerned as well as from arn approach to Science education, are of considerable
pedagogical importance.
It-is clear that although the IEA study was made at a time when Science education
was [n a state of flux, which imposed serious difficulties when the procedures for
a large-scale, objective, comparative study were being worked out, it came at a
. time when the findings of such a study would be most valuable.
A4 . - 7

T‘he'construction of the inst";umemﬁ for the science project

/
For the construction of the cognitive tests in Science, it was first necessary to
obtain as complete a view as, pessible of the curricula in Science in the participa-
ting countries at the three levels of testing: 10=year-olds, 14-year-olds, and the
pre-university grade. The International Committee prepared a tentative grid of
content areas and objectives and circulated this to national committees, asking
them to extend it on either axis and to complete it according to what was taught
at the actual pre-univessity grade and at the modal grade level for the cases of
the chronologically defined populations. Four methods of content analysis were
suggested for preparing the national grids:
- of the major text books,
- of national examinations where they existed for the target populations,
_ - of the subject content which groups of teachers (for.example, in schools of .
different types) saiﬁ“\} ey taught, and ,
- of national or regional syllabuses,
The various national grids were merged into a total international grid. A set of
ratings for each cell was then obtained from each national committee, concerning
the amount of emphasis given to the cell in the teaching of Science for the target
population in question. At the same time the hypotheses that were of particular
interest to the International.Science Committee were formulated to give a focus
to the invegtigation.

On the basis of the ratings and the hypotheses advanced for testing, the International
Science Committee, in collaboration with the national committees decided which
cells to test. Items were then supplied from existing tests or were written by mem-
bers of both the national committees and the International Science Committees.

All items from existing tests proved to be in need of editing by the International
Committee. Particular emphasis was placed on producing items measuring the
higher cognitive skills (See Bloom, 1956)°and those testing special abilities such as
“the design of experiments or the handling of scientific apparatus.

Items were first selected from the point pf view of their coverage of the subJect area
to be tested and. as far as possible, witf equal representation from the contributing
countries, The final decision for the inclusion or exclusion of an item depended in
each case on whether the item, in the Committée's-opinion, was potentially a

good one. All the items to be used were then put into a multiple-choice form with
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_ = five alternative responses, and new items were devised to fill in the most ObVio;\
gaps in subject area coverage. Rough drafts of these initial tests were then sent to
all national centers for comment. After replies were received, pre-test versions
were prepared. In all, just over 1600 items were pre-tested in order to construct
the final tests which contained about 400 items. < '
Pre-testing of items was carried out by sixteen countries early in 1968, The
testing load was kept manageable by rotatirig among cquntries the different paral-
lel forms of the-trial tests, Before undertaking the pre-testing, national centers
were given advice on how to deal with difficulties of translation, the use of popu-
lar and scientific terms and units, ard the substitution of local plants, animals,
and materials for any in the items that would be unfamiliar. -
The students’ responses from this pre-testing, which was carried out on judgment
samples of 100-200 students for each population and sub-test, were analyzed by
national centers and submitted to IEA Headquarters where they were collated. The
final selection of items and their arrangement in the tests was carried out by the
International Science Committee at.a meeting in July 1968. The items for each
cell to be tested were selected in terms of their face validity and their statistical
. characteristics which were obtatned from the item analysis. In the final tests, there
were. eleven items that were common to Populations I 4nd 11 and twenty that were
conimon to Populations IT and 1V, . . »
It was felt that.the International Scfence Committee should make an attempt to
assess the studenty ability to understand the nature and methods of Science. To this
end, a test which drew heavily on the TOUS test developed by Cooley and Klopfer
- (1961) was compiled and pre-tested in iate 1968. Comments were recgived from
eleven countries and full pre-test results, including item analyses, from efght. On
the basis of these data, it was decided to include in the test battery tests on "Under-
standing the Nature of Stience” for use with Populations II and IV respectively.: ‘e
One of the major differetices between countries in their approaches to the teaching
of-Science was in regard to the place accorded to practical work in Te laboratory
or field. Many of the new developments in Science educafion are concemed with
_the question of the nature and extent of thefirst-hand experiences that are conside- .
red desirable during the study of Science at school. In fact, one of the most impor-
tant hypotheses to i : ;
Science through actual enquiry and by sound scientific methods would achieve
higher total Science scores than students being taught by traditional methods.
Since administering laboratory practical tests would have created difficulties in
many countries, because of the demands on time, equipment, and space in the
schools, it was decided to i icorporate, in each of the cognitive tests for Popula-
tions 1T and 1V, paper and pencil items aimed at measuring the results of practical
experiences. Laboratory tests requiring a minimum of apparatus were also prepared,
but it. was optional for countries to administer these tests to their samples of
students.
As well as a total score for Science, for Population II for example, there were also
sub-scores available as follows: Theoretical Science, Biology, Chemistry, Physics,
and Practical Science. Furthermore,<there were also sub-scores on the behavioral
objectives: (a) functional information, (b) comprehension, (c) application, and
(d) higher process.
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Attitude and Descriptive Scales

The project also attempted to assess certain non-cognitive outcomes of Science ‘
'« education - in particular, interest in Science and engagement in scientific activi-

ties, attitudes congceming the place of Science in the modern world, and attitudes

towards schooling. In addition, items and scales were prepared to assess emphasis

on laboratory work, on investigation and inquiry, on the use of the textbook, and

to measure aspects of the school environment. Unfortunately these attempts to

» agsess non-cogriiﬂve features of Science educatioh proved for one reason or another
to be rather unsatisfactory. . . .
- B . -

The Questionnaires

The most important tools for obtaining information on the inputs into the educa-
tional system - the teaching objectives, the classroom practices, and backgrouhd
of the students = were the questionnaires. It was de¢ided that all students would be
asked, among other things, to give information on their home backgrounds, subjects
being studied at present, and outside activities; teachers of Science in each school

+ would be questioned about their training, .use of teaching time, organization of

material, and other teaching activities; and school principals would be requested

; to supply information about school organization,"enrollment, finance available,
and so on. These questionnaires were pre-tested in 1968 and final forms were pro-
duced in 1969.
In addition, a"Natfonal Case Study Questionnaire was devised to be completed by
each national center. Each cquntry was requested to submit appropriate parts of
the questionnaire to experts {n national educational policy, economics, sociology,
and demography. The data from each country could thus be examined in relation
to the social, economic, and cultural milieu from which they were obtained.

Data Collection

To make the whole study which involved ‘assessment in six subject areas practically

——mmzrgeabie._i‘:ﬁ_wﬁmﬁﬁ?e stages: Stage 1 was the {nstrument con-
struction” described above, Stage 2 was the international testing in Science, Reading
Comprehension and Literature, and Stage 3 was the testing in French and English, ,
as Foreign Languages, and Civic Education. Each national center appointed a

. National Technical Officer to be fully responsible for the day-to~d4y administration

" of the program.
Manuals were written by the staff of the 1EA Headquarters for National Technical
Officers, school.coordinators, and test administrators, detailing the exact steps to
be taken in carrying out the testing. MRC (Measurement Reseatch Council) answer
cards were prepared and national centers given the choice of having students answer
directly on the cards, which could then be read by machine, or answering in the
test booklets and then having the answers transferred to punched cards at the
national centers. All instruments and the manuals for school coordinators and test
administrators had to be translated by the national centers. A check on the accuracy
of the translations of these instruments was kept by requesting back translations of *
certain sections. .. ) o
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~was carried out between January 1970 and February 1971, and Stage 3 between

;"

a
A dry-run was held op fudgment samples with Stage 2 instruments to test admini-
strative procedures and to detect any unforeseen problems, Appropriate adjust-
ments were then made and worl begun on the main tegting, Stage 2 main testing

February 1971 and February 1972,

The schools and students to be tested were selecfed by the national centers by
means of stratified probability sampling. The object was to have the standard
errors of sampling for national mean values as small as possible at the least cost.
Sampling plans were devised so that every student in the defined population had

a specified non-zero chance of entering into the sample. All sampling plans were

~ checked by an international sampling referee, and then the sthools chosen were

approached. Each national center had available a secondary list from which to
supply replacements for those schools which declined to participate.

Data ‘Analysis

: 7 :
The data were edited, sorted and filed by the IEA New York data processing unit.
Total scores and sub-scores for each student for all criterfa were then computed.
Unfortunately, in one or two instruments and for one or two population levels,
scoring errors occured, with the result that some of the Science classroom des-
criptive scales and the Test on Understanding Science at Population IV level had
to be dropped from any further analyses. ,
For each population, country by country. weighted means, standard deviations, '
and frequency distributions were produced. Weighting was applied for each stratum
employed in the sampling plan to allow for any shortfall of schools or students with-
in the stratum.
A report on the cognitive test scores for each school, comparing their results with
those for similar schools in the country and with all schools within the .country,
was sent to each of the participating schools by its national center. Furthermore,
item analyses were produced for each test for each country.
For each population tested, student, teacher, and school files were prepared in
New York and sent to Stockholm where the main work of the bivariate and multi= ..*_
variate analyses was carried out. The necessary transformations on all variables
were undertaken. and between-students and between-schools correlations were
computed using existing pairs. Whereas the data for students were weighted for
the studenf univarfate and bivariate analyses, in the between-schools analyses
{nitially unweighted data were used, but subsequently the data were weighted.
In carrying out the regression analyses, essentially two types of analysis were

. made. In the first set of analyses characteristics of students, teachers, and schools

ERIC
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were examined in relation to achievement test scores, using students as the unit

of analysis. In the second set of analyses the same variables were examined, using
schools as the unit of analysis. .

The first step in the between-schools analyses was to form a weighted composite
of six variables representing the long-term home effects. This composite included
the variables: father's occupation, father's education, mother’s education, number
of books in the home, use of a dictionary in the home, and size of family, scored
negatively. Thus in the between-schools analysis this composite variable indicated
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the socio-economic and cultural level of the community in which the school was'
set.

The effects of this composite score, referred to as a School Handicap Score (using
a yachting analogy), were regressed out from the zero-order correlations between
the independent variables and the total Science criterion score, In 3 second step

“standardized partial regression coefficients were obtained making allowance for

the Type of Educational Program provided by the school or for the Type of School
fnvolved. In this way the schools were given a handicap, using regresston analysis
procedures, according to the ndture of the community the schools served and the
type of program they offered. A school was to be judged in terms of the factors
contributing to the achievement of its members after allowance had been made
for the home background of its students and its type of program, *

A reduced list of predictor varfables was produced fér each population for each *
populatfon for ea¢h country, containing those variables having large partial regres-
sion coefficients, when errors of measurement arising from the size of sample
employed and other sources were borne in mind. A distinction was also made bet-
ween varfables that were found to be important for all countries and variables that

were unique to specific countries. For each population these variable¢ were clustered

together' to form. meaningful composites, using national weights based on the size
of the partfal regression coefficients after the effects of the School Handicap Score
and Type of Program had been allowed for. 7

The varfables or cluster of variables were then grouped fnto blocks fn a prede-
termined order. The general strategy was to enter {nto the regresston analysts first
the long-term home varfables, then the type of 'school and type of program varfab-
les, followed by the learning conditions, including the student characteristics, the
teacher variables, and the school organization variables, and with the kindred

or allied variables entered last. .

In the multiple regression runs, a variable was permitted to enter the analyses if

~ its level of significance exceeded a prescribed value (F = 2: 0), Furthermore, the

increase in vartance accounted for by each block variables was computed, as welt

as the standardized partial regression coefficlent fo

E

the regression equation. The main results of interest are of course the regression
coefficlent for each variable and the variance aécounted for by the blocks of
variables that were entered into the regresston equation in a causal or logical
order.

2. Paper given at $eminar

1 wish to talk today. about some of the results of thé IEA Science Project. Wé were
interested fn carrying out a survey across countries to try to determine the factors
in the educative process which influenced the achievement of students tn Science.
While for some specific parpose objective tests may have severe limftations, we
considered that for survey work they were the most effective and efficient means
of obtatning tnformation about sthident performance, provided the tests were both
valid and reliable, With a project of the magnitude of this study, it was essentfal ’
that the responses of the students should be machine scored and this was only pos-

~ sible with objective tests,

-
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Sometimes we felt that the project had become overwhelmingly large, since
Science was only one of the six subject areas tested, but inyolvement in more
than one subject area had clear advantages for the development of an understan-
ding of the school systems of each country concerned. Although we tested students
at.the 10~year-old, -14-year-old and terminal secondary school devels, this discus-
ston will refer mainly to Population II - the 14-year-olds, and Population IV -
the group in their last year of secondary schooling,
Cross-national studies have two unique contributions to make to an understandi}yg
of educational phenomena. On the one hand, we are {nterested in parallel analyses
+ - within each country, in which case the countries serve as replications of an experi -
ment and provide an opportunity to test in a broades context relationships that have
been observed previpusly in single national systems, On the other hand, these
studies make possible comparisons across countries, examining {n what respects
couiitries diffet in their level of performance, and attempting to understand those *
differences in terms-of the characteristics of the countries involved. The kinds of
analyses to be presented today will sometimes be comparisons between countries,
and on-other occasions will involve replications of relationships from one country
to the next. .
In the analyses the individual countrie"will be {dentified, but it is not our pur-
pose in this inquiry either to applaud or to point the finger at.any one country with
respect to {ts level of achievement. We are interested only in understanding; and
in this context it is the nature of the country and {ts economic, social and educa-
tional system that we are trying to relate to the achievements of the student at
school.
Included in this study were four developing couhtries Chile, India, Iran, and
Thailand, and their lack of economic development or of a background of universal
education showed up very dramatically in their performance on the tests. The
level of performance of the students in these countries was, in general, a full
student standard deviation below the performance of the students in the other .
__countries taking part in the study. This relationship was also evident in the results
of the Reading Comp{ehension testing,” suggesting that some students in'these four
developing countries may have had difficulty in reading the questionnaires. Con-
sequently, their erratic answers to questionnaire and attitude scale items are Itkely
to confourid the results of certain sections of the investigation. We now face the
Jather serious question. in interpreting the findings for these countries, of whether
the questionnaires were adequately completed by the rather limited readers who
had to answer them.
Although we had doubts about the responses given by the students to some of the
attitude scales and to certain items in the student questionnaire, we were more
confident of the tests, particularly the Sclence tests. The reported reliabilities
\ were satisfactorily high for the full tests, and indeed for many of the sub-tests,
except perhaps in the developing countn"es where the score distributions heaped
up at the lower end of the scale.
Table 2 records for the different countries at the Populatlon I1 (14-year-old)
level the standardized scores for the total test and the four sub-tests: Biology,
| Chemistry, _Physics and Practical. These scores show the extent to which a éountry
Is above or below the grand mean for the developed countries, with the average
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o . Tabl Science Standardized §pb-test Scores for Populatioq (¢ ' ~_
: &{X eighted Scores by Students, Corrected for Guessing) '
Number' of Bidlogy | Chemistry |- Physics Pl'actical Total
Jtems R ‘ e 3 ‘
. . Country .19 19 T 22 20 80
Australia 014 | 018 | 009 | 022 0.19 B
Belgium (FL) -0.29.+| -0.07 0.15 | -0.17 -0.10
: Belgium (FR) - | -049 | —043 | -041 |-054 | -o0s8 | ¢-
- | England -0.16 0.04 -0.23 0.11 -0.08 P '
‘ F.R.G. . . ,0.13 | -0.15 0.22 0.16 ° 0.2 |77
| Finland <! 0.09 | -0.03 .} -0.27 | -0.21 -0.15 Jd
. ' Hungary 0.73 0.56 0.35 0.24 0.58 .=
. Italy . , | -020 | -028 £0.20 | -0.38 -033 § .
Japan ' 0.46 | 0.62 0.77 0.49 075 |*~
Netherlands -0.31- | -0.56 | -0:16 | -0.14 -038 | .
New Zealand 0.12 |- 0.20 0.01 0.21 1016 |- K :
Scotland <., ° _|° -0.25 0.07 =0.13 0.07 -0.07% “
Sweden "7l -0.08 y -0.07 -0.07 | 0.05° -0.05 .
. | United States 0.12 \Qm -0.11 -| -0.11 -0.06 t,
‘Standard Deviation |  3.33 | 3.5 4.44 | 348 11.83 -
Devetoping Countries - o .
Below Grand Mean | —0.85 | —0.65 -1.06 | -069 | -1.04/
AN Chile ' ~0. 12 -0.13 0.01 -003 | -0.07
f\ India Y -0.35 | -0.03 -0.17 | -013 .| ~0.20 4 -
¢ Iran -0.17 | 011 -0.18 | 20.14 .| -0,19
’ . | Thailand - 0.64 [ 026 | 034 | 025 |, 047

- standard deviation for these countries being used as the scale unit. In a sifnilar
Table 3 gives the standardized scores for the total test and the four sub-tests
which are calculated from the 'data collected at the'terminal secondary scl&ﬂ
(Population IV) level.
‘The four developing countries have been separated from the developed countries
“in both Tables 2 and 3 and it is séen that the mean scores for these countries are
about a student standard deviation below the mean scores for the developed coun-
tries,
In dlscussmg these results I would like to focus attention on the data for thre¢ ~
- countries. Our hosts today live and work in the Federal Republic of Germany] o o
“we are particularly interested in this country's performance on the Seience tests.
We are also ifterested in the level of educational achievement in the United States,
» because developments in this country have during the past decade had a profound
fmpact on Science education throughout the world. In-addition, I have chosento -
consider the resuits for Australia, because Australia is my home land and because -
the Australian results show a very uniform profile, slightly above the average for
-the developed countries, but without any marked differences in level of perfor-
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- Table 3: Science Stande:d'.ze:’. Sub-test Scores for Poputation IV . ‘ '
& o
‘ (Weighted Scores by Students, Corrected for Guessing) . .
P X X , -
' Number of Biology | Chemistry | Physics Practical Total S
N Items - : _ k
ountry 16 16 | 16 12 60 [
o ¢ Australil 027-] “044 | 023 | 028 | 039 .
F " Belgium (FL) 2045 | —0.24 #-0.17 | -0.30 p -0.36
. Belgium (FR) | -0.63-} -0.31 -0.46 | -0.38 -0.57
England | 0.1¢ [~ 009 | 0.10~y 042 | -~ 0.23 .
i F.RG. - 0.80 t 023 | 052 | 0.37 S8 |0 Te
° Finland : 0.32 | -0.32 -0.07 |--0.27 -0.12 Y
Frapce ~d -0.26 | -0.32 , 9.20 | -0.02 =-0.26 .
Hungary 0.27 029 L 017 [ -013 0.21 )
N Italy -, | -0.34 | -0.52- .| -0.25 | -0.53 -0.51
Netherlands 0.18 | 0.32 0.28 | -0.08 0.24. B
. New Zealand 0.60 |s 0.77 0.45 0.79 .| = 0.82
< - | Scotland L 1014 | 034 _ 018 | 031 0.23
weden ‘ -0.21 | -0.20 . —0.12 | -0.02 * -0.18 | »
United Statés - = | —0.55 .| —0.60 - —0.68 | —0.44 -0.73
~[ Standard Deviation 292 | 327 | 375 | 260 9.86 .
t‘. N : N - —
e Devclopmg Countries : '
. . Below Grand Mean ~1.16 | -0.69 -0.97. | -0.86 -1.17
I Chile ] 0.127| =012 —0.16 | 0.05 —0.05:
’ India . -0.58 | -0.26 -0.10 | -0.18 | -0.34
: Iran 0.26 0.08_ -0.04 0.00 +0.09 -
i Tharland 0 0.19. | " 0.31 - 0.29 0.13 - +0.31 ’

v

mance between the four sub tests for brther Population II or Pop’ulatron IV (See
& Figures 1 and 2). For the Wnited-States, at the 14-year-old level (Populatign1i)
the profile is close to the international average,’ except for Bi\cffogy which s .
slightly above average. However, at the terminal secondary school level (Popula-
tion-1V), the profile for the United States is always well below the fntéetnational
! average, being highest on the practical subtest. The profiles for the Federal .
Republic of Germany are, in general,, 4t both Population levels above the inter-
national average. Although this seminar is particularly concerned with the teaching
of Physics, it is rnter’esﬁng to note that the level of performance in Germany for
both Populations is somewhat lower in Chemistry than in the other branches of
Scfence.
These results lead us to examine the reasons . for such differences in the performance .
~ “of the students in each country and to consider their nature and origin. It is not
for ys to_pass judgment on the level of achievement of the students, whether it
be good, bad or indifferent, but to report the relationships we observe, and to
suggest to Science educators in each of the countries engaged in this inquiry that e
. they may wish to’re-examine the provision for the l'earning of Science ipstieis
schools in the light of these findings. d

' : 0 .
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Opportunity to learn
In addition to testing their studepts;” the science teachers in each school were
asked to come together at about the tlme the testing took place to consider whether
the students in their setidol who were answering the tests had had an opportunity to

" learn the content of the items. The teachers as a group were asked to rank each
item on a five point scale if the following proportions of the students had covered
the topic embodied in the item:

A, All students @ . Score:

4
B. More than 75% of the students 3
. C. Between 25% and 75% of the students 2
D. Less than 25% of the students 1

E. None of the students, . 0
From these scores for each school an average score pér item was calculated for L
the test as 2 whole. The scores obtained-for the schools in each sample were added
and averaged to provide a measure of opportunity to learn the conter\t of the Sctence
tests for the sample.
In Table 4, the opportunity to Leé/n scores are l'ecorded for the Population II
samples together with the total Science scores and the estimated ‘proportions of the
age group at school in eac’h of the gountries Zoncerned. In Figure 3 a graph has
been plotted of the total test scores in sefence aggregated by school against oppor-
tunity to leamn the items in the test, At is apparent that although considerable care
was taken in checking the suitabplfty of the test items by trial runs, the tests were
more difficult than anticipated. Nevertheless, there is an approximately linear
relationship between level-of performance in each country ahd opportunity to
the content tested. Some of the developing countries did not- prov;de/opfzrtunity

\
|
to learn scores and these countries have been excluded front the figure. -In addi- }
tion French-speaking Belgium had only a very small sample of 21 schools, and it |
is not surprising that this country does not lie € to the "1ihe of best fit". For |
the remaining countries however,. there d appear to be a clear relationship |
between the level of performance of the students in Science and the provision made |
for them to learn the content/o(the items fncluded in the tests, |
Although this relationship may reflect the nature of the tests which werg constructed, |
[indicating that they were more appropriate for use in some countries, such as Japan }
-and Hungary, every effort was made to sample items which would represent the e
courses in Science in each. of the countries concerned. Consequently, it must be |
suggested that this relationship atises from a difference in' emphasis given in each

of the countries to the teaching of Science at the 14-year-old age level.

JThe thrce countries discussed earlier, Australia, the Federal Republic of Germany

and the United States, are placed centrally among the other countries, both with

respecl o level of performé’nce and opportunity to learn. The countries in the more -
extreme positions would appear to place greater or less emphasis on the learning of
Science-in their schools, thus providing their students with greatér or less opportuni-

ties to learn, which leads in turn to a higher or lower level of pel'formance

With regard to the level of performance of the students in the three countries under - .
discussion at the’ terminal secondary school level we have taken the examination

~
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Table 4: Science Test Scores and Standard Deviations for Populations 11 and IV wih
Scores on Opportunity to Learn, Holding Power and Social Bias

Papuiation I1 Population IV
-Country Science Opport- | Hold- Science Opport- | Hold- | Index
Total Score | unity ing Tota] Score | unity ing of
to Powey, to 'Power | Social
Mean | S.D. |Learn Mean [ §.D. | Learn Bias
Maximum Score] 80 4 100 | 60 4 100
L3 B
Austsalia 246 | 134 2.03 99 247 | 10.7 | 2.57 29 3.5

<

“Belgium (FL) | 163 8.8 1.83 90 |17.4 8.1 | 2.02 47 24
Belgium (FR) |21.2 9.2 2.03 90 |15.3 79 | 2.88 47 1.8

England 21.3 | 1411 1.79 99 231 [11.5 | 2.07 20 | 7.6
F.R.G. 23.7 | 115 1.82 1 94 |26.9 89 | 315 9 |377
Finland 20.5 | 10.6 1.51 99 [19.8° 9.8 | 2.65 21 4.8
France - - - 99 (183 8.7 | 260 29 -
Hungary 29.1 12.7 2.78 83 |23.0 9.0 | 3.03 28 39
Italy 18.5 ] 10.2 1.86 55 | 15.9 8.8 | 250 16 2.1
Japan 31.2 | 14.8 2.96 99 - - ~ 70 -

-Netherlands 17.8 | 10.0 1.37 | 98 233 | 181 | 242 13 6.1
New Zealand |24.2 | 129 215 99 }29.0 | 11.6 | 2.88 13 4.7

| Scotland 214 | 142 1.90 99 |23.1 12.1 } 217 17 9.9
Sweden 21.7 { 11.7 1.88 99 119.2 | 10.2 | 2.75 45 24 .
United States {21.6 | 11.6 1.98 99 | 13.7 95 | 213 75 1.3
Mean 223 | 11.8 1.99 209 9.9 | 2,56
Chile 9.2 8.9 1.48 71 8.8 6.0 | 2.69 16 7.9
India 7.6 9.0 1.48 25 6.0 60 | 1.85 14 1.0
Iran 7.8 6.1 - 25 1102 5.6 - 9 0.8

Thailand 15.6 8.1 - 40 |12.4 6.1 - 10 10.4

Figure 3: Teachers’ Estimates of Opportunity 1o Leam as Related to
Science Test Scores for Population II

‘or Population |I R
Science . ,—
total o i Hot J./
. score ) A
L ] i
Nz . I
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. 20 + Ee g;!‘y B (FI) C
. {
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of the evidence available-a step further. Not only did we have information on
opportunity to’learn the content tested, which was obtained from the teachers in
the schools, but we also collected data on syllabuses and courses in Science at this
level. Prior to the construction of the tests a grid was prepared with content along
one axis and behavioral objectives along the other. The content axis was divided
into the main subjett areas of Earth Science, Biology., Chemistry, and Physics and
further divided into topics, while the behavioral axis was subdivided into four
sections: functional information, understandings, applications and higher processes,
including analysis and application as outlined earlier. Each national center engaged
im the Science project was asked from a consideration of syllabuses, text books and
curent examination papers to assign to each cell in the grid a rating for the em-
phasis given to Science as taught in their country. Three categories of response
were used for thesq ratings: no emphasis - 0, moderate emphasis for some students -

"1, clear emphasis for all students - 2. o
From the ratings it was possible to calculate a.score, assessing the emphasis given
to the different branches of Science in each of the countries. These scores were

; standardized and have been recorded together with the test scores and opportunity

- to learn scores in Table 5. In Figure 4 these scores have been plotted side by side

: for the three countries we are considering, Australia, the Federal Republic of

Germany and the United States. For the three countries concerned, there is a
general level of correspondence between the three sets of scores, the grid scores
- #ssessing the prescribed curriculum, the opportunity to learn scores assessing the

’I:able 5: Sub-Test, Grid and Opportunity to Leam Scores for )

‘ Selected Countries (Populations IJ-and I'V) . :
g | Poputation m £
' Test Scores Total Biology Che*mistry Physics Practical .
avstratia 4 T o9 0.14 0.18, 0.09 022 |
ERG. 0.12 0.13 v | -0.1S5 0.22 0.16 7
United States -0.06 0.12 -0.07 .| -0.11 -0.11
Population IV
Test Scores., - . ) S
Australia 0.39 0.27 044 '0.23 . o.@?’ 1 7
FRG. 0.61 0.80 ' 0.23 0.52 0.37 - '
United States | -0.73 -0.5s | e60 -0.68 ~044 .
Grid Scdres . e o,
Austfalia -0.12 -0.05 -0.17 -0,15 -
- FR.G. 0.90 . 030 -0.95 1.65 A
: United States -1.33 | "-1.30 ~1.65 -1.17 - -
. Opportunity to R \
. .| Learn Scores N .
Australia 0.18 - 0.36 -0.17 -0.37 0.53
F.RG. 1.60 1.45 1.25 “ 149 1.70
United States -1.15 -0.2t -03%s5 -1.65 ©-1.47
171
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Figure 4; Sub-test, Grid andOpportunity to Learn ' ' .
Scores for Selected Countries Population 1V
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actual curriculum, and the test scores which assess the outcomes of Science
teaching. The results indicate in general terms that level of achievement in
Science is related to what fs taught in the schools. Nevertheless, it does not answer
the question of why in different countries there should be clear differences in the
prescribed Science curricula, in the actual Science curricula of the schools, and
in the level of achievement of the students.

e

Staying longer at school . -

* The question must now be asked, "Why is there this marked difference in oppor-
tunity to learn and in the content of school Science courses between the three
coum;ries at the pre-university level: Australia, the Federal Rzpublic of Germany,
and the United States?” These three countries differ in the percentage of ap age
group remaining at school to the terminal stage. In the United States the propor-
tion of the age group attending school given as holding Pbwer in Table 4, is high
(75%). In Australia there is a lesser proportjon (29%), and the Federal Republic of
Germany, where only those students attending a Gymnasium were included in the
sample, the proportion is 9%. It shduld be noted, however, tifit in the Federal
Republic of Germany a further section of ¢he age cohort are engaged in other forms
of education, but are not foch courses in preparation for university
entry. R
Where a large proportion of the age groupNs still at school, a different kind of ’ -
é : education in Science must be provided. The differences between countries in

prescribed curricula, opportunity to learn and level of achievement in Science

indicate that groups of students of different ranges of ability are beifig considered

in the different-countries. In the Federal Republic of Germany an academic élite

is being taught in the Gymnasia with highly advanced coirses. In the United States

the group is of lower ability and the courses in Science are necessarily more general.

In Australia the pattern of relationships suggests that the.ability of the group lies

somewhere in between and the Science courses are designed to suit this group.

It is also of considerable interest to examine (See Table 4) the differences across

countries in social class composition between the 14-year-old students and those

remaining at school to the pre-univessity level. Because of the difficulty of

finding an internationally valid occupational scale to indicate social class, each

country used 2 national set of occupational categories. Nevertheless, it was possible

to collapse categories for all countries into four major groups: unskilled and semi-

skilled workers (D), skilled workers (C), clerical workers (B), and professional or

managerial workers (A). An index of social bias was calculated using the propor-

tions in the highest and lowest occupational groups by means of the following

formula:

Index of Social Bias= . v

%in Group D for Population 11 , %in Group A for Population IV
%in Group A for Population II = %in Group D for Population IV.

In Table 4 the proportions of an age group at school at the 14-years-old and pre-

university*levels are given. The marked differences between the developing coun-

tries and the developed countries should be noted, as should the differences bet-

ween countries at the pre-university level. The column of figures on the éxtreme

1713
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right-hand side in Table 4 gives the indices of social bias, and shows some quite
striking differgnces between countries. As might be expected from the proportions
of the age group remaining at school to the pre-unlversltyii«sl the index is low .
in the United States, higher in Australis and very high in the Pederal Republic of
Germany. This index reveals the nature and extent of differences in the level of |
equality of educational opporfunity across different occupational groups in each
country up to the end of secondary schooling. It must be noted, however, that
differences in the definition of the target population at the pre-university level
account in part for the differences recorded between countries in their index of
soctal bias.

It is often argued that by extending the ability range at the pre-university level
and by having a higher proportion of the age-group remaining at school to the
terminalwecondary school stage, there is not onljha lowering of the ayerage level
of achievement of the grqup as might be expected, but that the performance of
the most able“studentf also suffers. It is suggested that expanding the numbers at
school at the upper secondary level leads {o a decline in standards and that "more
means worse” .

Table 6 records the data for each country and shows the percentage of an age group

T I A D CED DA IR N o I A M < e ey

-

/  Table 6: Level of Performance of Various Percentages of an Age Group
in Science in Final Secondary School Year (Population 1V) '
% in overall top 1% top 5% “top 9% .
schoo! | fmean sd+|mean sd |mean sd | mean s.d
Australia 29 26.1 |11.5 }51.5 | 3.2 |440 | 4.739.9 | 5.9 , )
England 20 244 1124 1516 | 3.2.]41.6 | 6.5]355 | 8.5
New Zealand 25 30.8 [12.6 |.55.1 | 2.0 48.3 | 43444 | 5.6
Scotland 17 24.4 |12.9 |50.7 | 3.840.6 | 6.4 | 344 | 8.7 *
U.S.A. L1 142 99 1458 { 28368 | 5.5]33.1| 5.9 . ,
Fed.Rep.Germany 9 284 | 9.6,{450 ] 4.1 353 | 6.2]|284 | 9.6
‘ Finland 21 20.8 |10.5 {46.0 | 4.1 [35.7 | 6.4|30.7 | 7.4
. France 29 19.1 ] 9.1 (405 | 35333144299 | 5.1
Hungary 28 240 { 96 |48.0 | 3.8139.0 { 54350 | 6.1
Sweden 45 20.1 |10.9 |49.5 { 3.4 |41.2 | 5.3[37.0{ 6.2 -
Belgium (F1) 47 18.1 { 8.5(39.8 | 3.7{33.0 | 40305 | 4.2
Belgium (Fr) | 47 160 | 83362 | 2.0{309 | 31|284 | 3.7
Italy - 16 165 9.2 382 | 47274 | 6.5]22.7] 7.3
Netherlands 13 244 |12:0 {47.1 | 3.6 [37.2 | 6.5 30.3 ] 9.4
Chile 16 | 93| 63235 38168 | 43136/ 48] , .
India’ 14 | 63| 6.1)208.] 3.7[128 | 48| 9.5| 5.2 |
Iran 9 108 59219 | 3.6|148 | 44108 | 5.9
Thailand | 10 1251 6.1 1233} 24174 | 36136 | 5.3
Rank order r* 1.00 0.07 035 0.40 0.57
Rapk order correlation between percentage in age group in school and the mean
czzes for the various groups of students. o
|
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in school at the pre-university level, together with the means and standard devia-
tions for the samples tested, In addition, the means and standard deviations for the
top 1%, 5%, and 8% of the age group in the countries concemned have been givel. *
In the calculation of these figures it is assumed that the students still at school
would perform at a higher level in Stience than those not in school, If, on the one
hand, we compare the evidence presented for Australia, the Federal Republic of
Germany and the Unfted States, it is clear that the larger the percentage still in
school, the lower the level of performance. On the other hand, if we examine the
data for the top 1%, 5% and 9% of the age group for the Federal Republic of Germany
and the United States, the performance of these groups is much the same in the two
countries,- but is slightly greater in Australia. ¢ .
Other factors are almost certainly involved {n accounting for the differences ob-
served. The evidence from other analyses carried out indicates that the proportion
of the group at school studying Science, tHe number of years during which the
student$ have studied Science, whether or not they have studied or are studying

all branches of Science, and the time spent currently studying Science all contri-
bute to achievement in Science at the terminal secondary school stage.

By carrying through a higher proportion of the age group to the pre-university level
and fostering the study of Science at this level, the number of persons in a country
with a knowledge of Science is increased. Such a result is not unexpected. It is,
however, important to note that this rise in productivity of the school system with
respegt to scientific knowledge can be undertaken without a marked decline in the
level of performance of the more able top 1% of the students. Where the students in
a,country perform well in Science and where the level of achievement of the
different percentage groups is relatively high, for example in New Zealand and
Australia, we must seek an explanation in terms of emphasis placed on the
teaching and Ieag{ung of Science at the upper secondary school level in the countries
concerned.

To assist in the identification of factors contributing to level of d&¢hievement within
each of the countries engaged in this inquiry, regression analyses have been carried
out using both the schoots and the students as the units of analysis. “The identifica- -
tian of important variables contributing to variation in achievement in Science,
both between schools within a country and also between the students within a countty,
depends in part on the manner in which the school system is organized and how its
organization influences the amount of variation that exists. For a discussion of the
results of these aspects ¢f the fnvestigation, the reader is referred to the published
report on the project (Comber and Keevéﬁ 1973).

In conclusion, it must be emphasized that in this inquiry an immense body of
potentially valuable data have been gathered, far morg than can be summarized

in a brief discussion.’It will take many years to sift through the evidence available
and 1 hope that from time to time attention will be drawn to valuable findlngs
emerging from this study. ° - , { .

@ - . .
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- students tested may have had different periods of education.

Discugsion

QUESTION: Did the translation of the question influence the results of the tests?

J. R, KEEVES: replied that the questions were originally written in English and then
translated into-other languages. Using the item analysis data, the items were
examined for marked differences between countries. A marked difference was
observed between countries in the item characteristics for one item at the 10-year-
old (Population F) level, and it is possible that a translation problem was associated
with the different patterns of results for this item across the different countries.

The items will, be publlshed in full in the final report, with some djta on the item \
characteristics.

QUESTION: Have the students within a country at the Population I and I1 levels
had equivalent periods of education?

J.R. KEEVES; explained that Populations I and I1 were really age groups, not grade
groups, except in Japan, where there are definite promotion procedures, with all
the 14-year-olds being located in one grade. Consequently, in most countries the

QUESTION: Was television viewing found to influence achievement in Science?
J.R. KEEVES: Yesyin the United States where for example, the viewing of TV
programs associated with history, travel, nature and scientific development was
found to be positively related to achievement in Science, after the effects of
home background and type of school had been taken into account. Information on
this variable was not available in the analyses carried out for the Feti:;ld?publlc

of Germany, since Germany did not administer the Reading Comprehensjon tests
QUESTION: What steps were taken to ensure that the questions used weotild be f4ir
to students in all countries? -

., R. KEEVES: replied that in the construction of the tests representatives of 9 coun-

ries were involved in editing and selecting items. In addition, all countries en-
gaged in the study were asked to submit items for the tests, and draft forms of the
tests were given a trial with representative samples of 200 students in 16 countries,
Unfortunately no representatives from any of the four developing countries were
engaged in the construction of the tests, and not all of the developing countries

" were involved in the trial testing. Students in these countries clearly found the

tests very difficult.

QUESTION: Were the geographical differences within a country. for example in

Italy, considered in the analyses? '
J.R. KEEVES: replied that in Italy the sample was stratified between the north,

the center and the south. In the regression analyses the type of school variable )
made a distinction between the northern, central and southern schools, and when
entered #nto the analysgs”Was found to be significant,

QUESTION: What influences dées the study show as important in regard to per-
formance on th/e §cience achigvement tests? - ,
J.R. KEEVES: Teplied that althbdgh work on the regression analyses was still in

progress the evidente to date suggests that at least three factors are important, if

the cortribution of the schpols is considered after allowance has been made for

Mmoo,
(€] ‘ 17(‘ : : .
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home background .and the type of school attended or tape of program followed.

These three factors were: .

1. The time devoted to learning Science both in terms of hours'per week and
years over which Sctence had been studied.

2. Time spent on homgwork, both In all subjects and ih Science itself,

3. The opportunity to learn the content tested.

John P, Keeves
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Elizabeth A. Wood
, r'd
The American National Assessment of Educational Progress in Science *

.
.

’ ‘ (5 L3

1. Preconference paper

The National Assessment 6f Educational Progress (NAEP) s a very large project
designed to obtain census-like data conceming the learned knowledge, attitudes,
and skills in various subjects possessed by Americans at various age levels. Ry -
repeated sampling, our progress, or lack of it, may be discovered. According to
Dr.: Frank Womer, Staff Director from 1967 to 1971, “the purpose behind Natlonal
Assessment is to improve the educationtl decisfon-making of legisla®rs, board-
of-education members®. professional educators, and others vitally concérned with
improving American Education, It {s aisumed that decision-ma xing is improved by
providing information pertinent to the a’eclslon-maklng. " . )

»
’ »

History

The concept of this vast undertaking was first proposed by Dr. Ralph W. Tyler,
Director Emeritus. Center for Advanced Studies in the Behavioral Sctences at
Stanford, California, in 1963, during‘a meeting of laymen and professional educa-
top concemed with strengthening American educatfon. The Camegle Corporation
of New York. a private foundation, granted funds to start the project and appointed
the Exploratory Committee on Assessing the Progress of Education (ECAPE). This
committee then sought advice on the design and conduct of the project, consulting
teachers, administrators, school board members, and others. The aim was to be
constructively helpful to the schools and to avoid possible injuries that might arise
from comparing one school or school district with another. The committee also
studied ways of assessing national achievement and developed a détailed plan for
conducting the assessment. .These tasks requfred four years for completion.

In 1968 the Exploratory Committee handed the results of its work to the Committee
on Assessing the Progrgss anEducatlon (CAPE) which then.undertook.to implement
the recommendations of the Exploratory Committee, ’

National Assessment is currently funded almost entirely by the United States Office
of Education, a.government organization, but s not in any way governed by this
office. A concern expressed by some with the governance of the project was the

*In the United States; local School Boards or Boards of Education guide the

. administration of most of the schools. Such boards are commonly made up of

private citizens, usually parents of school children, who serve without pay.

1179
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., The Pﬁlrr?ary Science Objectives so determined were:
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self- perﬁetuating aspec't of CAPE; the fact that CAPE members were not responsible,

directly or indirectly, to the people of the nation. In consideration of that concern,
the Education Commission of the States was approached and asked to consider be-
coming the governing body for the National Assessment, In July of 1969, “the ECS

. assumed this responsibility. The Education Commission Bf the States is a new and
growing organization composed of seven representatives from each state which is’
2 member, assembled to work together on educatirnal problems of mutual concern.
At present, 41,states and two territories belong to the Commission.’ -~

The present Staff Director of NAEP is Dr. J. Stanley Ahmam, formerly of the

Psychology Departmeht of Colorado State University. Request$ for NAEP reports

or-for further information should be addressed to the Public: Information Office of

the National Assessment for Educational Progress, 300 Lincoln Tower, 1860 Lincoln

Street. Denver, Colorado 80203, USA. - @ "

The first assessment, begun in 1969, includes ten areas: reading, writing (written

£, expression), science, mathematics, social studies, citizenship, vocational educa-

tion'(career and dccupationa] development), literature, art, and music. Other

areas may be added in the second round.’ The present paper will focus attention

on the science asse3sment. : - -

«
.

-
A ' Pl

a . 1
N

Objectiyes. .
%Maio; objectives for educational achievement in each field were outlined by
" . groups of scholars,, teachers, and curriculum specialists. ;The statements of
% objectives were chosen with three criteria in mind: T .
. (1) reflecting accurately, the contributions of the particular field,
- (2) being objectives which the schools are seriously seeking to attain and
(3) considered desirable by thoughtful lay citizens. ® oo
Sample questions, called "exXeicises”.. were provided for. each objective.
The Sbjectives and exercises were subsequently reviewed by eleven panels of lay-
men.(not scholars, teachers or curriculum specialists) in various parts of. the cpuntry,
and very minor modifications resulted. This combined involvement of sthotars,
o " teachgfd, and laymen was for the purposeof ensuring that every objective toward
whi ggress was being.assessed met the.three criteria given above. ‘.
Know fundamental.facts and ‘principles of science . .
Possess the abilities and skills needed to engage in the processes of science
Understand\the investigative nature of science
Have attitudes about and ppreciations of scientists, science, and.consequences
v of science that stem ‘frgm adequate understapdings, - ’

od -~ .

‘Q
f$0o0w

~'4]T1us‘trati'\'e categories ' we ’ ©

b

. ment was¥hade of what should be the knowledge in each category expected of .
. 9-year old§ #8-year olds, 17-year olds, agd young adults (26-35). For example,
under Objective 2. ofi¢ of the categories and its statements of expectations wete

as folloys: ) Q. PN . -

£

v Mlustrati .af'egofies were identified under each Primary, Objective and % state-
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[ Ability to obtain requisite data” I

Examples of abilities which wquld fall within this category are tie pbility to
’ , assemble and use laboratory equipment in a logical sequence angd the ability to
make observations !
Age 9. These children should be able to collect data based on si ple direét
- observations as well as elementary experrmentabsrtu trons with proper
direction and guidance.
+ Age 13. Thesa.students should Qe able to make direct observatrons of phenomena
"as well as some measuren}ents of such dimensions as distance, weight,
an volume, and time../Thiey/should be abltﬂo\ ake these observations or
measurements under proper guidance and. also* 1ndependently in farmhar
- aress.
Age 17." These students should be able to proceed independently to makevreasonably
careful observations and/or reasonably precise measurements in several
eas folléwing a da}a collectlng procedure of their own design. They
should have some facility ih the use of rulers, balances, .and-stopwatches !
) as well as such more specialized apparatus as microscopes. eleo()i‘,
- meters, and compasses. .
Adult.  Adults should be able to.observe phenomena directly or make measure-
.+ .ments with sifnple commonly-available apparatus. These observations
a : and measurernents should.be appropnately relevant and precise.
" The exercises used in the assessment were chosen to test these expectations.
: S ] .-
"The nature of the exercises‘ ) . ,

.

.

A acience exercise frequently consists of a qnestion with mult“iple-choice answers.
‘ The data show the percentage of respon-choosing each of the possible answers.
: ! 0 3 .

2w » ~

‘Reporti-ng the datz + « P -
The resulfs are not individual scores, The record of names of the assessees (the
respondents) were never removed from the sehool building in which the exercises
were administered and have now been destrpyed by the principal (director) of the
‘school. Records have been kept of various characteristics 6f and ‘influences on the-—
assessee for the purpose of grouping the data in various categones These are as
ﬁ’xupws t . -
° - Age ‘ .
- Sex r ' ‘
- Region of the Country { Northeast, Southeast, Central, West). No finer divrsion is
used so that ene state for example, cannot be compared with anather.
- Size and Type of Community ( Large Cities, above 200.000 populatron. Inner
City Areas; Urban Fringes; Middle:sized Cit
Rural Areas, below 25.000; Extreme Rural
- Socio-educational Status (Various wa determinating this without invading-the
privacy of the family. were tried. The one used was to ask the respondent to.state
the highest level of education of either parent). The- great concern of contemporary

. . ' . 181
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"= . .society with the-educ ion of the disadvantaged you leople makes it highly
desirable to gather{nformation about the knowled d skills of that group as
$0 thit we may evaluate future progress. ' ‘

indicated ifi that category). -
The GroupResults do not, on the whole, surprise anyone. They show that older
- people-know more facts than younger people; that males do better in most science
exercises and females do better in most writing exercises, this difference increasing
wd/h age; that sfudents in the northeast do better than students in the southeast;
» - that children in expensive residential regions ("Urban Fringes”) do better than
’ children in poor districts of cities ("Inner City Areas”); that children whose parents
had more education do"better than children whose parents had less; that black
children do nét do as well on most-exercises as do non-black children. However, -
- the fact that the results are not surprising does not mean that it was not useful to
' collect the data.

[y

o

Assessment -repetition

The first round of assessment has now been completed The 'results are like a dingle
pofnt on a curve. They can tell us nothing about Educational Progress. A second
round of assessment will occur three years after the first round (in the academic
year 1972-1973). Since the age groups are separgted by a period of four years, »
none of the assessees$ of the first round will be assessed in the second round. This . '

. is an assessment of the population, not of individuals. Only 40%{of the first-round

: - exercises have been made public. The intention is to re-use the remaining 60%

- in the second round, in order to have data onwexactly the same exercises.

. In the second round, new exercises will be added. Prior tosthe second round, a -
thorough review of the administration of the first round will Ysult in modifications
of approach to National Assessment. A slightly revised set of Objectives has been
written.

~ ©

Some probléems of attempting national assessment
Techniques of administering exercises to assessees o i : \

In order to minimize the effect of reading difficulties, the exercises were read
aloud to the asfessees, (It was found that this resulted in an increase of more than
25%in ability, by "low achievers”, t& perform the exercises.) Here, however, we
come up against the problerh of distractions due to the personality, voice, and
. ' appearance of the reader. Therefore th ‘reading was recorded on tape, using a
radio or television announcer with a "viational television" accent, which was found
.. ~r"just as effective” as'ﬁsing a school teacher with a local accent. ’
’ Since the grouping was by ages, students had to be taken from various classroom
o " groups and assembled in a special room for the administration of the exercises.
Both the school and the individuals cooperated on a voluntary basis. .
1n order not to require too much time away from other activities, each "package”
- of exercises was limited to 50 minutes in length. Therefore, in order to sample a
broad range of abilities and subject matter, twelve different packages were designed

182 / '
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for eaclr age level. Each assessee responded to only one package, but every

exercise was yged for at least 2. 000 assessees. In all, about 90. 000 assessees par-
ticipated in the first round of the National Assessment. )

A number of exerciuas were used for more than one age level. Sometimes this
necessitated slight changes in wording of the exercise to make it more appro- 4
priate for the chosen age level.

Some decisions required preliminajy trials. For example, as a result of preliminary
experimental adininigtration of exercises with and without the optional choice of

"I don't know", it was decided to include this choice. Adults chose it more fre-
quentiy than did any other age group.

Sampling .

: . .
™ Since the beginning of the profect, National Assessment has benefitted fr(ém the
consultant services of Dr. John W, Tukey of Princeton University. ‘nternationally
known statistician.
His advice has been of value, not only on ways of treating the great mass of !
numerical data accumulated, but also on problems of sampling, The sampling ' |
problemis are of three sorts: ‘
1. sampling of exercises from the infinite number of possibilities
2. sampling of four age groups from all possible ages ‘
~ 3, sampling of individual assessees from within the enormous ‘umber.of people
in each chosen age group
Limits were set on the total number of exercises because of limited time, which,
in turn, was a result of limited funds. . g .
The age levels were chosen to represent significant stages in t% educational
development of the individual. For "young adults” the age 26 Was chosen as an age
when most adults have completed all of their formal educationdl work. The age 17
was chosen as the age, when most students have completed what is know as "high
tschool" ifi Amnerica, and are about to go into college. At age 13 most students are - .
completing "elementary school”, where a set program is usually followed by all ’
students,. andl are entering high school where more freedom of choice is permitted
and initiative is expected of the student. At age 9 mdst students are beginning to .
“use books as a major educational seurce and are developing from being children

.into being sfudents.
Samplingf:he individuals withi h age group was done by selecting sample
areas of te country, then sample §chools within these areas, then sample indivi-
. duals within these schools, all with extremely conscientious effort toward rando-
mizing of samples and assuring the statistical reliability of the results. Similar
care was taken in sampling the "young adult” population, which had to be assessed
. at home. The samples may be confidently taken as representative of the defined

populatiogs. N

Teaching toward national assessment

In the United States there is no Ministry of Education, no body which determines
a national cutriculum. Although some states choose textbooks for use throughout -

m{fc"\ R TPE
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_the state, others leave this choice to each school and the school may leave the
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choice to the teacher. Most educators feel that heterogeneity of educatiop in the
nation is a source of educational strength. When the National Assessment was pro-
posed, fear was expressed that its exercises would become teaching goals, toward
which students would be directed by their teachers. However, this possibility has
been avoided by not making public those exercises that will be used in future
rounds of tt National Assessment. -The publicized educatidnal ohjectives are so
broadly stated and so widely agreed upon by eddcators and laymen that they can
hardly be considered as restricting educational freedom. "

Scurces of learning

Some have questioned whether the National Assessment really assessed the efficacy
of our educational system. The school is not the only place where knowledge,. skills,
and attitudes are acquired. National Assessment exgrcises were not designed to

. distinguish between the influence of the school and the influences outside of school,

of which the television is becoming incredsingly important in the United States.
. ‘ )

]

Interpretation

The National Assessment Staff has acted as information collectors and not as inter-
preters of results, They have organized the data in a variety of ways to make it
digestible by scholars and educators and they have invited these people to inter- o

. A
pret it. .
The interpreters, in their turn, should avoid the temptation to make broad generali -
zations on the basis of isolated observatioris. However, there is much of interest in

. the great body of collected data. For the teacher, the greatest interest in the first

round of results lies in answers to specific exgrcises, especially the wrong answers.
Why would the majority of 13~year olds be unable to select, from diagrams, the
correct set of objects to be used in determining the boiling point of water? Perhaps
most students are not understanding diagrams in textbooks! Why did 69% of the
9-year olds indicate that mixing equal quantities of water with temperatures of
500 and 70° Fahrerheit would give water with a temperature of 120° Fahrenhe {12
Did the word Fahrenheit frighten them into just reading " Add 50 and 70" ? Perhaps
we are preventing them from relying on familiar experience when we use an un-
familiar word. © - ..
Even though we must wait for the next.set of results to discover whether we are
making "progress”, there s information pow available from the National Assess-
ment of Educational Progress that ¢an help us improve our teaching

.

v

2. Conference paper

The National Assessment of Educational Progress (NAEP) is grvery‘large project
designed to obtain<tensus-like data concerning the leéarned knowledge, attitudes,
and skills in various subjects, possessed by Americans at various age levels. By
repeated sampling, our progress or lack of it may be discovered. In my pre-con-
ference paper, 1 gave the history of the project and described the way in which

Y
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4 the test'{nstruments were constructed and administered to those chosen for testing.
p The sampling procedures and statistical methods are as good as our best statisti-
cians can make them. § . ' o
About 90. 000 individuals responded to the questlons in the first round of the .
National Assessment. Not all of these responded to science questions. Other areas v
investigated were Citizenship (knowledge of current affairs) and Writing (in the
sense of written expression). Subsequently assessment has been made of Art Music,
Literature, Vocational Education, Reading, and Social Studies.
Today I shall show you samples of the questions in Science, which the National
‘Assessment people call "Exercises”. (I should say, parenthetically, that I am not

on the staff of the National Assessment. 1 am an independent scientist, invited te
evaluate their results. ) Exercises have been administered to 9-year-olds, 13~year-
olds, 17-year-olds, and young adults, but I shall emphasize the results from the
9- and 13-year-olds, because I think they are of more interest to this group. In

; discussing the exercises, I want to point out the implications I see in them for

/ teachers of the physical science in our country.

/ Flnaﬂy. 1 shall show you Group Results; comparisons between city children and

. country *children, boys and girls, blatks.and non-blacks.

/ The science ‘questions were designed tg assesyeducation ‘in four major categories,

! identified as worthy objectives by teams of scientists, teachers, and laymen. Briefly .

stated, these objectives were: ,

-3y . That the individual should

1. Know the fundamental facts and principles of science

1L, Possess the abilities and skills needed to engage in the processes of scfence
111, Understand the investigafive natuse of science

1V, Have attitudes about and appreciation of scientists, science, and the con-

National Assessment staff wanted nearly equal numbers of exercises in the four
gories, but the professionat testing services producing the questions produced
most of them in the category of facts and fewer in the important later categories
where’the difficulty of writing good exercises increases. There will be more
exercises in the later categories in the second round of "assessment.
Let us begin'with three exercises administered to 9-year-olds, to test their know-
ledge of the facts and principles of science. -
[\ .

Excercise 104: T .
All of the’ folloWlng can be burned in the flreplace D(CEPT

i sequences of science that stem from adequate understanding

o firon
2% , 0 leaves . :
2% o paper- -
6% - o wood
0% o Idon't know
1% . ‘ No response Coe
W% /o
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The students are asked to choose the one substance that cannot be burned in the
fireplace. They are permitted to choose "1 don't know”.
Note the manner in which the results are presented. There are not scores of
individuals, as in most examinations. No ptrmanent record is kept of performance
by individuals,” or even by schools. In order to epsure the cooperation of the schools,
it was essential that they not feel any anxiety apout being held up for public com-
parison.

he results show the percentage of the whole group that chose each of the possible

" answers. Remember that this exercise, like all the others, was performed by at

least 2. 000 children,
In the reported results, the correct answer is marked by a black dot. It js signi-
ficant I think, that 10 percent of the respondents chose substances that can be
burned in a fireplace; 6 percent of them choosing the commonest, wood. This
suggests to me a habit of careless reading. The stident glances quickly at the words
"burned” and "fireplace” and checks "wood"”, because he has learned that he must
give quick answers. How long does a teacher wait after asking the class a question?
One or two seconds of silence is about all that most teachers can bear. How often
is a student given unlimited time on an examination? Perhaps these ten percent
who gave wrong answers are being pushed too fast and are learning to jump at any
answer rather than take time to think.
There is another possible interpretafion. Some of the children had never seen a
fireplace. When a group analysis was made of this exercise, .. was found that the ;
percent of inner city children (children in 1 the city slums) whd answered this question ﬁﬁ
correcily was 28 percent below the national average. ; : /@.@

- f
Exercise 109: : ‘ , /ﬁ‘

Nearly all rocks on the Eagth’s surface are
v T Age 9

5%

6%

84%

4%

0%

100%

O ® OO

One could hardly think of a simpler question to ask whether a rock is gas,
liquid, or solid! But 15 percent of our 9-y: Yolds did not give the right

answer. 7 & .
Is it possible that some of the childrepfite just guessing the answers at random or
mischievously checking wrong angyfs since they know they will not receive grades
for these examinations? Probablg™hot, since the percentage answering some
questions correctly is very ér‘g For example, in a question about where a baby
comes from, 92 percent oﬁ year-olds chose the correct answer, that it comes
from its. mother s body jﬁo we need to seek further concerning the rock answer.
f “gas”, "liquid”, $d1id” and "rock” are words that 9-year-olds do not under-
stand, text bookrg‘ﬂters should keep this in mind,

/?(.
fﬁb
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Exerci%{# T P

iﬂgof the fcllo—\hg is true of hot water as compared with cold water?

W"ﬁ_ Age 13 Adult .

9% 6% o It is denser

-, 3% \ 2% o It fs easfer to see through ‘

L 61% | 49% e Its molecules.afe moving faster

? 9% 4% o It has more free oxygen dissolved in it. -

€% 5% o It has more free hydrogen dissolved in it.
12% 32% o 1 don’t know
0% 1% No response

1009 - 9@0

This exercise was also administered to young adults (26-*35) In nearly all
exercises, we find the adult group is more willing to say "I don't know" than in
* any other age group - especially the 17-year-olds,
Only 49%of the adults chose the cQrrect response in this exercise, but 61% of
13-year-olds chose it. Is it a cause for rejoicing because we are teaching the *
. coming generation better than their elders were taught? Not when we discover,
;their answers to the questidn, "Why do we think that matter is made up of atoms?

Exer;:ise 224 f
Why do we think that matter is made up of atoms?

o Wecan see atoms with a microscope

1% 0 We can see atoms with our unaided eyes.

2% o We can see atoms with a magnifying glass
34% e  Matter behaves as if it were made up of atoms.

s . . Rog o A famous wise man said many
) . hundreds of years ago that matter
is made up of atoms

11% o [ don't know

0% No response ,

99% . . o
We find that 41 percent of them think that you can see atoms with a microscoPé

and another 3 percent think you don’t even need a microscope! When will we
learn to postpone the teaching of the unobservables until senior hig¥school or

Aruitoxt provided by Eic:
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even college? Rote learning about, kinetic energy-is worse than meaningless for

these students. It teaches them the habit of accepting authority in%cience and this
gives them a false concept of the nature of the scientific enterprise. In the early
yesrs science teaching should mean teaching careful observation and critical evalua-
tion of one’s observations; the process of asking simple questfons for which one can

’ make simple, testable hypotheses. This is the essence of science and a slow, care-
ful training along such lines will be the best foundation for a scientist or a liberally
educated citizen in today's world. *

Consider, next, some exercises to test the abilities and skills needed to engage in
the processes of science.

‘ Can the students interpret a simplé€ table? From a chart listing the weights of
various chemical elements found in a 100-pound man, the students are asked to ™
choose the one found in smallest amount <

Exercise 4 . Welghts of some Chemical Elements

Found in a 100 pound Human

Calcium ' 2 pounds . ’
* Carbon- 18 pounds T
) ¢ Hydrogen 1P pounds .
© Oxygen’ 64 pounds
‘ Phosphorus 14 ounces
; Sodium 2 ounces - v
Sulfur 4 ounces

i
i

From the chart above, which of the following chemical elements is found in
the SMALLEST amount in the body?

Age 9 Age 13 ) ’ .
. 14% 3% o Calcium .
, . 5% © 3% o Carbon,. ) ' .
8% 4% o Hydrogen 4
54% 81% e Sodium
% 6% o Sulfur’
- 11% 2% - o 1 don't know
L. 1% 1% ) No response
. 100% 100% .
This exercise was administered to both 9-year-olds and 13-year-olds. We see that ., -

at 9 years old, 14 percent chosé the first low number (2 pounds) instead of the
lowest weight (2 ounces) and 12 percent found the table too difficult to try. For the
13-year-olds, the percentages were 3 anpd 3. Remember, these are not the same
children, grown older Both of these groups were tested three years ago. Will the
13-year-olds being tested this year do better or worse? That is one of the things

the National Assessment wants to find out., This exercise will not be used again,

but another of similar type will be used. Sixty percent of the questions used in the
first round of assessment have’been kept secret for re-use in the second round. The
forty percent that have been made public will not be re-used. Otherwise some '
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teachers mjght be tempted to drill their students in the answers to these questions
instead of educating them in the spirit of scientlfic enquiry.

Exercise 44

Which of the following graphs could show the average height in inches of a group
of children growing at a normal rate plotted against their age in years? '

A B .- 2 cC D E
80 . 80 ° 80| 80 80
in, m,l\ in / in, inJ’
w g .
10 [ \ 10l N 10 10 10
2 Age 14 2 Age 14 2 Age U4 2 Age 14 2 Age 14
Age 13 Adult
[ ] 6% % o A
. . 14% - 9% o B .
*27% . 39% , e C
16% 18% o D <
! . 10% 9% o E
18% 16% o’, 1don‘t know -
0% 3% No response
"99% 100%

Can the students Interpret a simple graph? In this exercise they are only asked to
choose the .graph that shows normal human growth rate. The ordinate is height in
inches; the abscissa Is age in years. The first two graphs show height decreasing
with age. About a third of the 13-year-olds chose these. And so did 15 percent of

the adults! ) e
Before you use graphs’to stmplify information for publication, you might test your
own country's adults with such an exercise. =

Another exercise designed to test skills involved actually working with a balance.
The respondent had to place a sliding weight in the rjght place to achieve balance
and tell where it was placed. 64 percent of 13-year-olds gave the correct™answer:
75 percent of 17-year-olds and 74 percent of adults. 1 hope that my butcher was
not among the 26 percent of the adults unable to perform this simple task.
An exercise given only to 17-year-olds and adults described a situation in which
2 population of rabbits lived by eating grass and were in turn eaten by hawks, birds .
which caught them and ate them. The respondents were told that some disease
resulted in-greatly reducing the rabbit population and asked to choose one of five
possible effects on the grass and hawks, one of which was that the grass would grow
" taller and the hawk population would decrease. 68 percent of the 17-year=olds
© chose the correct answer but only 52 percent of the adults. Now here was a
¢ - question that required no technical training - just the ability to reason that if
there were fewer rabbits to edt the grass it would grow longer. 1 would like to see
science courses that gave the studentsvexperience in the rational approach to a 7
~ broad range of situations and confidence in their ability to use it successfully.
- 3
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How do 9- and 13-year-olds measure up to the objective of understanding the
investigative nature of science?

. «
Exercise 1 . 8

Scientists would’have most trouble testing which of the following?

Age 9 Age 13 .
12% 6% I have a fever
6% 2% I weigh 101 pounds
14% 4% I am 62 inches tall
13% 8% o I can lift a 2P-pound box
38% T 13% My dog is better than your dog
16% 1% 1 don't know
1% 0 No response '

100% 100%

In this exercise they are asked to choose the statement that scientists would have
most trouble testing, I find some encouragement in seeing that 38 percent of the *
9-year-olds and 73 percent of the 13-year-olds correctly chose the value jugde-
ment as one that would be difficult to test. _

Attitudes are hardest of all to assess; and there were very few exercises in this
category. One attitude exercise for 13-year-olds stated that women can be success-
ful scientists and gave the students the choice of stating that they believed this
staterrent. did not-believe it, or didn't know. I am happy to report that 94 percent
of 13-year-olds believed this statement.

I have emphasized the wrong answers because, as a teacher, it seems to me that
we have mipst to learn from them. The exercises were intertionally designed to
include thoSe which nearly everyone would get right and those which very few
would get right, as well as thdygual middle group. But there were surprises at

both ends.

Now let us consider the Group Results, Informatton collected at the time of
administering the exercises has enabled the National Assessment staff to group the
results into categories. In each case the median performance of a particular group
is compared with the national performance. We learn, for example, that respon-
dents of all ages living tn the southeastern part of our country give significantly
poorer performance than‘the median for the country as a whole. Others whose per-
formance fs significantly below the-median are those whose parents did not finish
school; those living in extreméTy rural areas, far from’ any town; those in “inner
cities”, the poorer sections of big cities; and blacks. The reason for selecting
blatks as a special grolip is that a special effert is being made to improve the
quality of their education and we need to know whether we are making any pro-
gress.

Are the differences entirely the result of the factor 1dentifiedTParents with htgher
ednication are likely to live in the affluent suburbs, rather than in the inner city,
for example. . -
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The statisticians have used a method called "balancing” to try to take account
of the interaction among the various factors identified. They freely admit that

. the process {s full of approximations and;gssumptions. There is no sure way to
disentangle the complex influences on pevble.
However, when balancing is applied, the differences among the groups in each
category do decrease; though they still exist, and in the same order of rank.
Perhaps, if we knew.how to adjust for all the influences on individuals, the dif-
ferences in performance resulting from any ose influence would almost
disappear.
Finally we compare males and females in two areas: science and writing, Unlike
the other cases, this one does not make comparison with the national average.
The sexes are compared with each other. At all ages the males do better in scignce

" and the females better writing. The differences increase with age. ofl

+ When you consider the difference betweer the toys that are given to little girls & -3

+  and the toys that are given to little boys, it is surprising that the boys’ advantage
in icience is not even greater at the age of 9. At 13, girls are sent to sewing and
cooking classes when boys go to the carpenter shop. At 17, boys find a girl more -
.attractive if she pretends not to understand science. And so it goes, ng worse
and worse for the girls in science as they get older, judging from these results,
Among young adults, society requires that the man understand machines and electri-
cal equipment, and that the woman write the invitations and thank-you letters.
“ The social pressures are strong and deep.

The National Assessment is providing us with a great deal of retrievable informa-
tion that we have never had before. The later rounds of the assessment will make
possible a variety of interesting comparisons. However, as a teacher, I see mfuch
in the individual exercises of the first round that can be put to immediate use to
improve our teaching of science.
Further {nformation can be obtained from: The National Assessment of. E;iucational
Progress, Education Commission of the States, 300 Lincoln Tower, 1860 Lincoln -
Street, Denver, Colorac:‘ 0 80203, USA. Report number 1 gives all the science
exercises that have been released for publicatien from the first round of exercises,
with percentages of population giving each answer, as in this paper. It includes
some summaries of results. Report number 4 gives group results for sex, region,
and size of community. Report number 7 gives group results by cologs and
type of community, and parental education. These may be obtained from the
Superintendent of Documents, U.S. Government Printing Office, Washington,D.C.

. 20402, USA.(No.1, $1.75. No.4, $ 1.00. No. 7 will be available soon from
the same source. ) -~ ’ .
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Discussion '
—_
~ -

s N
The discussion deals with the various results of NAEP separately.
Exercise 104 N

Mrs. WOOD points to the fact that 6% of the pupils believe that-wood cannot be
burnt in a fireplace’ She explains it by rapid, careless reading of the exercj,se and,
as regards the group of poorer people, a lack of appropriate experiencé within
everyday life. Mr. BAEZ and Mr. ROGERS consider the formulation of the ‘question
to be confusing and misleading by the use of the word “except”. "1 have 120-dollars
"except.the 100", Mr. ROGERS says. Besides wood will not be burnt comipletely.
K He suggests to change the wording from “can be bufnt” to “can burn”.. They pro-
pose a new formulation ”some materials of the following can burn, some capnot,
* Which cannot burn?”. - \
" - M. WOGD answers
1. that she did not formulate the questions (she it nd member of NAEP, but an
independent scientist invited by NAEP to interpret the results),
2. that the writing of examination questions is difficult and that all the questions

are under constant attack and revision by NAEP itself, but ~ VR
3. she feels, nevertheless, that students aught to ))e able to understand sueh a
.sentence, )

Exercise 224

\

The audience suggested two additional explanations: -

1. Brownian motion was possibly shown to the pUpils whictr they- understood as
the motion of single molecules .

2. Text books perhaps contain informauons aboul field emission microscopes

|

|

|

..

419, of the 13-year-olds had answered that one/oarrh.see atoms with'a microscoPe. SN
|

|

|

|

oL « .
Exercise 4

Some people doubted that abilmes and skills are more necessary* as NA EP\fell -
forshe solutign of this.exercise than the knowledge of facts. As regards the |
relatively poor resilts, it was commented that )
" 1. the amdunt of reading required for this exercise is great .
2. it might be confusing during the stress situation of the exercise that not always
the same weight unit is used. '
Mrs. WOOD fedlts that reading a table of data predominantly demands abilities and
. skills, not knowledge of facts: she points out that this table of data is a real-life
example. In English-unit countries, weight is commonly given in both pounds and

ounds.

.
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Group Results : S &

Mrs. WOOD comments that at the age of 17 it was intended to have 2 groups, the
' drop-outs and those ones who are still in school. As NAEP got very fe:lvfrop-outs to
to take the exercises, they felt that it was not a statistical sample, and so they
only interprefed the results of the ones in school. o
. It is considered that a modification of the way of teaching during the last years
. might hdve influenced the results of the varfous age groups, not only the age of .
the students by itself. Mrs. 'WOOD feels that the first influence was comparatively
smalk- . : g . '
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Werner Kroebel .
The'concepts of physics in-the view of cybernetics A .

v .
o

Through cybeErnettcs we have got the knowledge that everything which pupils learn Q
on"new things is an information for them. Thé concept of the information is the
concept of a countable set. Every information necessarily consists of physical marks
or signs, respectlvely, and fn reality the tnformattons as counted by counting .

’

+

. cal marks to which the cdntents of th€ informatfons are associated are equal to .
- the types of our alphabet. v
There are 26 types. This number Js the repertory of the chosen physical marks.
Therefore we can associate 26 different informations with this quantity,
If we hfve to give more ‘informations, then we have to combine several types or
signs with one another. So we combine two, three, or more types on two, three,
or more places to construct one mark. In this way the physical mark for one in-
formation is given as a combtnatton of types of our alphabet. -And if we combine
n types to one word, we have 26" different posstbmties to do so, f.e, 26" differ-

« ent physical marks for 26" nformations.
But from all these combinations - being mathematically possible - from types to ,
words, words to sentences, and sentences to a longer text, only a restricted num=-
ber of combinations really exists. For instgfifre no meéaningful word exists, which %
consists of three types "d" as "ddd", So we have to learn, which arrangements of

«  types are equivalent to an extsting word of our langdige. A feeling for the proper
uisage of such, combinations can ofly be learnt by a lot of exercises, by reading -
manuscripts or books or by learning a talk. We may call it the syntax of types to
words, furthermore of words to sentences, and sentences to texts; This syntax heavily
reduces the mathemattcally possible number of arrangements-of types, words, and
sentences.
. The simplest 'repertory of marks is a>binary system, Its physical represent tton may
be given by O and 1.- The number of informattons which can be associatéd with
these marks {s given by . .

N = 2 - .

where.n means the number of news or tnformations, respectively, 2 is the number
of different marks within the repertory, and n the number of places within & com-

- plex mark, {.e. the "length of the word”. We call n the number of tnformations
in bit. .
When we read a text, then {nformations flow into 6ur mind. We’ measure this ﬂux
of informations in bits/sec. ’
In measuring this flux of information during hearing ot reading, we find 90 bits/sec

. on an average.But many investigations show that we can only pick up 16 bits/sec in

. . I . )

these physical marks, .
1f one receives tnformatt::(nr for tns;?ze by readtng a manuscript, then the physi-
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otir consciousness. If we read a text with a velocity of 90 bits/sec and understand’

it, wemust therefore know about T4 bits/sec in'ydvance. Consequently we have
- to se arate;the_text which we read fnto two-parts: one which is known before read-

ing and one which is unkndwn before. Only the latter parf is called an information

and they both together a.news.. . ) - 4 g
- This fact implies that the number of marks, which we know before reading, must
’ be reduced by a process of fusion of sevetal marks or types, respectively, to a new
mark or a new word showing a highet degree of abstraction. We call it a supermark.
The capability of reading and simultaneously understanding at a flux of news of
90 bits/sec provides the capability of developirg supermarks, which can be attained
by an intensive training of our mind. Thereby it 4s impgrtant simultaneously to
train the assoclation which exists between a certain syipermark and the single marks, ,
from which it is derived. t

4 Kurzspsicher sKurzgedichtnis

. Langgedichtnis
. . o, 160 bl c. 100070006t . . R 8. 200 000 - 10 000 000 bit
Vishmshmungsfeid — Co 1
' yopt. :
3 L}
. v ! . *
— ey C A . N
- . R
-taktll s -
. . _ 16 biv/me Qb-Mbl.tI-c , : 0.03_0.08 bit/sec )
* |- Gouch . d - .
109 bit/sec - ) N
s i -Geschimack . 8
t .
-~ | . {
Wihme N N )
. / - . . L -
A Sinnesory, : » | ~
.. - r
Flg. 1 Sewstisain oo lative Verbindurgen ~ J'i

-
y

. , : l
. Helmar Frank (1) developed a simple model to éxplain thesg facts which is shown *
in figure 1: The possible flux of informations into our mind only amounts to
16 bits/sec which-is stored there aboiit 10 seconds. )

. So we have about 160 bits of informations in our conscious mind which we can
simultapeously survey; they are equivalent to 30 up to 35 concepts or imaginations.
This number of concepts or fmaginations, however, 1s not sufficient for oyr pro=
cessés-of thinking. The conscious concepts and {maginations must continously be
exchanged against other ones being dccumulated in our memory, .
Therefore we need a method or a path,. respectively, between the contents of our
memory and or instant consciousness. When we think in physical laws and concepts,
this ‘p/:th is given by means of associations between the known concrete physical
plienomena, their single marks and simple concepts, and the corresponding super~
marks. ! - . -

The physical world in which we live shows us a vast field of very different, single, = -
and individual phendmena. To know all these pienomena requires a vast experience.
But not all phenomena which are possible from the view of mathematics exist in
reality. The physical world is severely ordered by physical laws and natural facts, .
. Thetefore the development of a system ofrconcepts, as we have it e, g. in the
theory of mechanics containing the concepts of velocity, accelération, kimetic
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and potentlamergy. ttﬂ principles of mechanics etc, , allows-us a far reaching
. reduction of the great numbet of concrete phenomena, -for instance, of all the
kirids of motions.. Then the concept of a velocity allows us to use this sign of
motion for the infinite divenity of ali the possible motions. So the concept is a
supermark of a high degree of abstraction. Therefore this concept cannot directly
be understood from its definition, but a knowledge of physical concepts must be
attained in advance, It is a supermark which first of all has to be assoclated by the
learning process with the above mentioned aspect of motions, which is derived
from a vast fleld of concrete motions of very different kinds, Now we have as a
basis this vast field ofimaginations of concrete motions which are associated with
the concept of a defined velocity or the supermark of a plysical velocity,
respectively. On this basis the reduction of the flux of {riformations, that means
the reduction of the number of bits/sec, which must be pergeived during the reading -
, of a word, becomes possible. L ' &/r‘ oo
That 1s why the reading of a text or book does not only réquire the knowledge of
thy definitions of the concepts of velocity, acceleration, etc.,, but - in analogy
to a chain - requires the knowledge of each single link of the development from
single marks to combined marks or supermarks, respectively, of lncrere}ree
of abstraction. . il .
The velocity, which a pupil has in reading a physical text he jries to’undcrstan‘e\.
. vmust.be controlled so that the flux of informatiof amounts to about 16 bits/sec.
In this way we get an additional method of Tesearch to study'thie 1earning process
of a pupil: by measurin his velocity of reading the marks, supermarks, etc. of a
physical text before and after a lecture on this topic. .

Resulty of such studies by.l(-roebel (2) are given in figure 2. It shows the depen-
dence of the reading velocity on the text for 5 lln?. The text-s written left of
the coordinate Z. v;, the reading velocity, refers to one type of the read text.
We have . ‘

\ N 1.
Vr,4,0,A= AX- Ta %

Ta
with the following meaning of the indices: r points.to relative velocity, 4 is the
code number of the pupil, ithe number of the read line (in this figure: from 4 to 8),
A the number of types of the read word,. which is equivalent to the length A3 of
the word. The time t; is the time needed for reading the line {, T4 the time
required for reading the whole text by the pupil 4, . '
‘The figure shows a reduced velocity of reading per letter at the words "Limpchen”,
“Fassung”, "Monozelle", and - very intensively - at "leitende Verbindungen” and
"Leiterverbindungen” ,because these words requised a particular attention, andimuch
more at those supermarks such as "Verbindungsleitungen”, especially.if conclusions
are combined with them as e. g. in that sentence containing "leitende Verbindungen”.

. Figures 3 shows this result very clearly. The average of the readitig’ velocity -of
N = 37 pupils § demonstrates it for the word “’Leltcrverblndungen" in line 6 and
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* concept of a veldcity ¢annot be understood by a pupil from the defining formula .
- v-ds/dt, At first he has to get acquainted with_the vast range of different motions

- associations which belong together. In the same way one has to put together the

leamning.

-~

for the end of the same sentence, respectively. The formula for the avérage
reading velocity of 'a group of pupils is . . '

1 1 -~
YoLa= N'T T3 ‘
I = . T S
A | :
The fact that the appearance of a conclusion in the text reduces the reading velo- . -
city becomes obvious in the lines 5, and 6. .
All supermarks must be constructed from sirmple marks. Therefore the physical

which happen in the real world. Then one ha®'to develop the ability to reduce °
this variety of motions by the creation of supermarks.|{ The theory of mechanics
is designed’so that the supermarks ®an be connected Itke the links of a chain,
So a very important learning,process will happen, namely the learning of all the

the supermarks of a lower rank to supermarks of higher and higher ranks. Doing

so ong suceeeds in understanding the physical world from the concrete phenomena -
up to the concepts of the highest degree. -

A study on the velocity of reading a physical text and on the question, hOMo‘;i
of the content is understdod, can increase our knowledge about the processes

Referencgs

(1) Helmar Frank, Kybemetische Grundlagen der Pidagogik, 2 Bde,, 2, Aufl., . .
aden-Baden 1969. ‘ -
(2) Werner Kroebel,” Fortschritte und Ergebnisse der Unterrichtstechnologie, in: .
Referate des 8. Symposiums ogﬁseuschaft ftir Programmierte Instruktion 1970, .
heraysgegeben von Brigitte Rolle® und Klius Weltner, Ehrenwirth-Verlag,

3 .

201

o - 199

RIC :

Aruitoxt provided by Eic:




Discussion

At first some details of the procedure of measurement ire discussed. The author

, the recorded data are smoothed to some gxtent. Nevertheless. the
ﬂclently characteristic for an interpretation.

arning will change the results. 1t is only meanlngful to average the
results of different subjects, but the individual fluctuatlons are great. Each subject
reads many texts. It {s controlled by tests whether the person understood the

text.

It Is asked whether anythlng 1s knoWn about the training of the eyes. For.instance,
a man, who reads proofs professlonally. is forced to do it very quickly and yet to
understand the text (to a certain measure). The author replies that further invest{ga-
Hons are planned. No measuremerts about this topic have been made until *
now. )

1t is stressed that the amount of unknOWn content of a text must be conxidered

The authg;,;fpzﬁfs that before the reading some lectures on the content of the

text are given to the subjects and that their knowledge is tested. Only then the
reading is performed. The measurements indicate that persons, who had shown

a good knowledge of the contents, Jead tather uniformly, whereas these persons

of a smaller knowledge, but with a good carefulness, read with a widely varying
velocity. A third group consists of students having poor knowledge and a small
{nterest, who_read fast and uniformly, but understood little. °

It is asked how the level of complexity of a mark can be measured or estimated.
The author responds that it will be sufﬂclent in the beginning to construct some:
crude categories. :
The audience is astonished about the Tow number of Informations which flow into
the long memory. 7The author points to the fact that even this small number
amounts to 2 x 10 bits within’10 years. He adds that many things ate learnt with-
out cooperation "of the consciousness, e. g. the ablllty of seeing three-dimensionaily.
It would be interesting to know how the informations are selected for the long
memory. ) -
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2000 Hamburg 13 Von-Melle-Park 8, Germany
Karplus, Elizabeth - - : ,
Science Curriculum lmprovement Study
Lawrence Hall of Science, University of Callfornla
Berkeley, California 94720, USA '
Karplus, Margaret . . @
3400 Gottingen, Groner Landstr.9, Germany .
Karplus, Robert, Assocfate Director and Professor of Physlcs
Science Curriculum Improvement Study, Lawrence Hall of Stience

' University of Californta | -
- Berkeley, Califarnia 94720, USA
S Keeves, John
c/o National Council for Educationdl Research Hawthorne Victoria
Australia 3122, Australia - N

4

Keller, Thomas ’
Generalsekrettr der Deutschen UNESCO- Kommission. 5000 Koln 15 Caclllenstr.
v 42/44, Germany
Kilty, J. M. ’
UnlversIty of Surrey, Guildford Institute for Educat{onal Technology
Surrey, Great Britain A
Koof, van der, ].B., Dr. :
De Esstuken 8, Haren. Netherlands
Kreukler, Wolfram, Oberstudiendirektor
7500 Karlsruhe, Albert-Schweitzer-Strafie 1, Germany
Kroebel, Werner, ‘Prof. Dr. ' S
Institut fir Angewandte Physik der Unfversitit Kiel ° -
2300 Kiel 1, Olshausenstr. 40-60, Germany » \ "

‘ Kdhl, Maren - P
L.~ . Staatiiches Studtenseminar - Abt, b= r;’i A\ .
- '2000 Hamburg 19, Hohe Weide 186, Germany N
Loria, Arturo, Prof.
Istituto di Fisica dell'University .
. Via Universitd 4, 1-41100 Modena, Italy N
i Markering, Simon G.C. '

Prinses-Beatrix-Laan 24, Driebergen, Netherlands
Menzel, G., OStR .
Emnst-Barlach-Gymnasium_._~__~ - ) :
2300 Kfel, Charles-Ross- Rlng 53/55, Germany =~ e
Merzyn. Gottfried, Dr. ; 4 4
3400 Gottingen, Rohnsweg 18, Germany
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Miller, Julius Sumner, Prof.
16711 Cranbrook Avenue, Torrance, California 90504 USA
Nagore Gomez, Eduardo
Colon 7, Valencia-4, Spafn
Nielsen, Ertk Munk
Elmevej 18, DK-6880 Tarm, Denmark
Nflsson, Ragnar, Lektor
Lirarhggskolan 1 Géteborg
Ovre Husargatan 34, S-41314 Ggteborg, SWeden
Nolof, G., Dr.-
Institut fir Praxis und Theorie der Schule (IPTS)
2300 Kiel, Schauenburger Str. 112, Germany
Oosterbosth, Lucien, K. A.
5060 Bensberg, SPB-8/4090 BSD, Germnny
"Paulsen, Albert Christian, Dr.
Royal Danish School of Educational Studies Department of Physics
Emdrupvej 116 B, DK-2400 Copenhagen. Denmark
- Perret, Chriftoph,’ Dr:
- Etdgendssische Technische Hochschule, Institut fur Arbeltspsychologie
Péstalozzistr. 24, CH-8032 Ztrich, Swltzerland '
Pittman, Jine, B.Sc., M.E.
Projektgruppe- Kleinldndf(mchung, 5000 K&ln 1, Kamekestr. 10-12
Pldger, Ernst, Dr.
iy formerly Deutsche UNESCO-Kommission, 5000 K&1n 1, Clcxuenstr 42/44,
Germany
Popp, W., Prof. Dr.
Efdgendssische Technische Hochschule, Institut flr Arbettspsychologle
Pestalozzistr. 24, CH-8032 Ztirich, Switzerland
.+ Rhoneck, Christoph von, Prof.Dr. ) ’
Pidagogische Hochschutle Ludwlgsburg .
7140 Ludwigsburg, Reutteallee,’ Germany
Ribak, Moshe .
Even-Gviralst. 190, Tel-Aviv, Israel .
- Rogers, Eric, Prof. -
NUFFIELD-Profect *
17 Brookside, Cambridge CB 2 1JG, Great Britain
Royl, Wolfgang, Prof. Dr.
Pidagogisshe Hochschule Kiel !
2300 Kiel 1, Olshausensty. 75, Germany €
Sawicki, Mieczystaw
Instytut Pedagogiki ‘
.Gorczewska 8, WarsZawa, Poland -
‘Schalck, K. A. .
~Gent, Voskenslaan, Belgium
Sette, Daniele, Prof. - , )
Via Aventina 12, Roma, Italy
Sikjaer, Séren, Prof. - R
Harsdorffsvej 6 A, DK-1874 Copenhagen. Denmark
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Sindler, Gustav . . . .
Gundullcéva ul, 58/“ Zagreb Yugoslavia - . .o v \
. ¢ - Sperapdeo, Ros3-Maria, Dr. ,Amrtant Professor -
Istitdto di Fiscica dell'Universita B _ R
..~ ©  Via Archirafi 86, Palermo, Italy = T .
Stanescu, Nicolae, - - S S :
Institutul'aé\cercetari pedagogice ) ' -
Str. Sf. Apostoli Nr. 14.,8 curestf, Romania « C
.7 Stelle’ LPH.
v Kamerlingh-Onnesstr. 5 Amerrfoort Netherlands ' _—
R Suarez Antonio . ’ .
(..' « Eidgen. ‘I'echn.-Hochschule [nstitut fur Arbeitrpsychologfe - o7
Pestalozzistr.24 CH-8032 Silrich, Switzerland . ’
- Svantesson, Nils, Dr. Y s . ¢
Lirarhggskolan i Géteborg . : .
fvre Husargatan 34,~5%11341 Ggteborg, Sweden =~ L
*  Thernge, K. A., Assistant Professor <
Royal Danish School of Educational Studies, Department of Phyncr )
Emdrupvej 115 B, DK-2400 Copenhagen NV, Denmark .
Thomsen, Poul, Dr. ot
. - Royal Danish School of Educational Studies, Department of Physics o
e Emdrupvej 115 B, DK- 2400 Copenhagen, Denmark: - - o o
. Varga, Lajos, Dr. ) '
¢* 1 Nat.Inst,f, Education S
! , «Gorkif f. 17-21, Budapest VII, Hungary T , ‘
Veje, Carl - > -
Royal Danish School o Educational Studies, Department of Physics .
Emdrupvej 115 B, DK-2400 Copenhagen NV, Denmark - B
Vernié, Elsa, Prof. . \ : .o
« - Brafe Kavuriéa 12, Zagreb, Yugoslavia .
_ Weltngg, Klaus, Prof,Dri ~ }
Universitit Frankfurt/M., Seminar fur Didaktik der Physik im Fachbereich Physik,
. . 6000 Frankfurt/M., Sophienstr,1-3 :
. Bildungstechnologisches Zentrum Wiesbaden .
- Arbeitsgruppe Naturwissenschaften und Mathematik . " -
¥ 6200 Wiesbaden, Bodenstedtstr, 7, Germany.
5 Wendeldv, Lennart : ’ : )
- Sjdallen 1, S-43400 Kungsbacka. Sweden - . * Ty
* . Wessels, Peter, Studienrat

-+ * ‘Senator fur das Bildungswesen der Préien und Hansgstadt Bremen
. 2800 Bremen, Herrman-Bose-Str.I-11, Germany
K Wood, Elizabeth, Dr.

37 Pine Court, New Providence, New York 07974, USA - L
Zandstra, W.Y., Drs. . )

Huib van de Vechtlaan 5, Bunnik Netherlands
Ziggelar, August By o

Royal Danish School of Educational Studies, Department of Physics

*Emdrupvej 115 B, DK-=2400 Copenhagen NV. Denmark 2
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| Seminarberichte der Deutschen UNESCO-Kommission %
S | - ‘
21 Die Praxis der Mussumsdidaktik . . .
- Bericht Uber ein intarnetionales Seminar dér Deutschen UNESCO-Kommission und
des-Museums-Folkwang, veranstaitet yom,22.bis 26, Novamber 1971 in Esson. ‘ 4
. - 1974. 171 Seiten. Brosch. DM 19,80. ISBN 3-7940-5221.8 ‘. . : -
v 22 The Imylomonmion-of Curricula in Science Education with Special Regard to the
' Teaching of Physics - - .
Report of an International Seminar, arganized by the Institut for Science Education
» qf the University of Kial, Kiel, March 16—18, 1972.

“«

1974. 207 Seiten. Brosch. DM 19,80. ISBN 3-7940-52228 . .
23  Ingehisurausbildung und sozisle Verantwortung .
- , ‘ Bericht iber das internationale Symposium ' Die Ausbildung.von“Ingeniauran un-

ter besonderer Berilcksichtigung ihrer sozialen Verantwortuplg”, veranstaltet von
der Deutschen UNESCO-Kommission und dem Versin‘Dsutscher Ingsnieurs (VDI)
vom 29, bis 31. Mai*1972 in Miinchen., N . .
1974. X11, 240 Seiten. Brosch. DM 24,80. ISBN 3-7840-5223-4
iy 24  Arbeitnehmer im Ausland T ' .
Te~]..  Baricht Ober ein interngtionales Seminar Uber “Probleris der Ausbildung und der
“r<Kkulturelien integration auslindischer Arbeitnehmer unter besonderer Berlicksichti-
gu'ﬁndq:Jumndllchon'.’,mransmltlt vom 5. bis 8. Dezember 1972 in Bergnaustadt, _
1974, 125‘391@1. Brosch. DM 16,80. ISBN 3-7840-5224-2 ¢
256 Symposium Leo Fiobepius . ’ -
. "+ Perspektiven zeitgensssiscHer Afrika-Forschung / Perspectives des etudes africaines
contsmporaires / Perspectives of Contemporary African Studies, Bericht Gber ein- )
internationales Symposium, veranstaitet von der Deutschen undKamerunischen "
UNESCO-Kommission vom 3. bis 7. Gezember 1973 in Jaunds. .o :

1974. 371 Seiten. Brosch. DM 28,80. ISBN 3-7940-6225-0. In Englisch, Franzd-
sisch, Deutsch, ] , \ °. ‘ ‘

3

. .| Kulturfdrderung und Kulturpflege in r Bundesrepublik Deutschland

- "Hrig. von der Deutschen UNESCO-Kommission, K&in - ) %
- | 1974. 86 Seiten. Brosch. DM 12,80. ISBN 3-7840-3059-1 . S ,

Eine englische und franzBgische Ausgabe dieses Titels erschien in der Reihe ""Stugles and
documents on cuitural policies”. - o N

Eine knappse, dennoch umfassende Obersicht ber Struktur, Barsi¢he und Forderung des
. kulturellen Lebens i’ der Bundesrepublik Deutschland, die unter Mitwirkung des Auswiir-

o, tigen Amtes, des Bundasministeriums des Innern, des Detstschen Stidtetages, det Deut-
schen UNESCO-Komniission und des Sekretariats der Sténdigen Kultusministerkonferenz ,
der Lander erarbeitet worden ist.

Die Arbeit gibt den Umfang des kultureiien Angebots wieder, das dem Biirger der Bundes-
republik heute mit staatlicher und kommunaler Unterstiut2ung gemacht wird, und zgint
. die Mdglichkeiten auf, wie ar arh kulturellen Leben teilhaben kann. -

L™~

| D Verlag Dokumentation | -

:
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