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Summary.

T This Pilot Project brought together a team of 3 UNESCO
experts, 3 consultants end 26 physics teachers from 8 Latin~
American countries. Their task was to analyse current ideas
in physics teaching and search for new ones, to study modern
methods and techniques, and specifically to apply all these
to the development of a new physics course for secondary
schools on the topic "Physics of Light".

The materiasls developed by the Project consist of: a
programmed instruction text in 900 pages, 50 hours of student
work (600 coples were printed in Portuguese, and 600 in Span-
ish); eight kits of inexpensive laboratory materials for exper-
iments to be done by the students (200 sets of thzse were prod-
uced); twelve short silent filme, 4 to 5 minutes duration each
(35 sets of these were made); one half-hour £ilm with sound
(14 coples in Portuguese and 16 copies in Spanish were made);
and eight television programmes which were broadcast (250 copiles
of the scripts were printed), All these materials have ¥Ween
distributed, mainly to the Project participants.

The resulting "Physics of Light" course was presented to,
and was analysed and discussed by, another 36 physics professors
teachers and administrators from Latin-America during a L-weeks
Regional Seminar held in Sao Paulo in July 1964 (14 countries
were represented., At the same time, the course was given to a
pilot class of 30 etudents, This Regional Seminar = completed
the first phase of the Pilot Project. '

Recommendations.

We recommend support from UNESCO for continuation activitie
to take place in the countries that have sent participants to the
Project: both for further evaluation of the teaching materiale
produced by the Project, and for development of new materials.

Furthermore, in order to make the experience gained at the
Pilot Project available to those interested in it, and aleo to
stimulate further research in this field, we recommend that a
publication on the Pilot Project, in the series "Educational
Studies and Documents", be issued by UNESCO, We could assist
in the oreparation of this.
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Introduection,

Tﬁe development of society during che pag* decades has
been dominated to an increasing extent by the advance of science
and technology and their application to all aspects of living.
The gap in scientific and technological advancement between
developed and underdeveloped countries ig therefore threatening
to create a widening gap between the two as regardc general
standard of living. In training scientific and technical
personnel of all categories in underdeveloped countries we are,
howev er, faced with the problems of an extreme ghortage of com-
petent scicnce teachers and a laclr of experimental equipment for
the laboratory classes, which are an esgential part of sclence
teaching, We are further faced with the need of adapting exis-
ting curricula to the demands of modefn science, and the necessi
ty of investigating the application of new methods and media to
the teaching situation of these countries, We are also lacking
experimentation with applyving the results of learning theory and
experimental paychology to the teaching of students in cultural
and social environments different from those of the western

world,

In an attempt to investigate possible solutions to the pro-
blems of science teaching in undcrdeveloped countries, UNESCO's
Division of Science teaching, under the dircetion of Dr. Albert
V. Baez, is launching a series of Pilot Projects on various to-
pics of science aand in various parts of the world. The first of
thecse, the UNESCO Pilot Project on New Methods and Techniques in
Physics Teaching in Latin America, concluded its first (cne-year)
phase in July 1964, The following is a report on the activities
and out-comes of this year, It is divided in two sections: the
first one gives a general outline of the Project: and the second
one gives a detailed description of the materials produced by
the Project, together with representative samples, as well as
gome notes on various aspect: of the work done.
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Section I.

General outline of the Pilot Project,

1, Thc objectives and activities of the Pilot Project,

The UNEESCC Pilot Project on the Teaching of Physics was
initiated on July 8, 1963, in Sao Paulo, Bra-il, and its first
phasc concluded with a Regional (Latin- American) Seminar on
New Ilethed and Techniques in Physics Teaching, July 6 to July
30, 1964,

The objectires of the Project have been to explore new
methods cnt teciuniques for the tcaching of Physics in Latin
America &< To train Unilversity staff at Teacher Training Insti-
tutions i, the develepment, production and application of these
teehnigaes,  This hag been accomplished by bringing together for
onc ycar 75 teachers from Universities and Pedagogical Institutes
in 8 Tati. American countrics to develop a course of Physics at
sccondary <chool level under the guidance of three UNESCO experts
ana thres part-time consultants., The t-pic chosen for this
course, "The Physies ¢f Light", is one of the important topics
of modcxn physics., I is also a topic which is ideal as an in-
troducticn “o an experimental physics course and which lcnds
itseld to ill-astrate most of the important aspects and principles
of physicn: the Tundamontal role of the experiment, the nature
of physicul luws, the use of theory for summarizing and predic-
ting, i~ closc conncction between various branches of physics,
and the limitations of simple and cveryday concepts in accoun -
ting for connlez pnysical phenomenae,

'ne most wmportant compoenent of any physics course are the
laboratiory cxpcrinentsy, which hould be performed by the
o ‘henmselves, For this, simple and inexpensive cquipment
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is nceded; and onc of the main cfforts of the Projcect partici-
pants has been the development of such cquipment. Eight "kits"
containing material for a largc number of simple exporiments,
all on the topic of "Physiecs of Light" have bhcen developed, and
200 copies of scven of these kits have been produced, (Of the
other kit, 20 samples were produced.,) Some of the cxperiments
represent an adaptation or simplification of cxisting matcrial
from other sources, some werc develeped from ideas in the
literaturce, and somc have sprung from original ideas of the par-
ticipants,

The introduction of cxnorimentation in the over-sized
classcs characteristic of regions with teacher shortage poses
severe problems of instruction, Nor is the incrcasing number
of students coming to school adecuately compensated by increas-—
ing numbers of teachers. For this rcason the develooment of
self~instructional materials has become an urgent nccessity.
There arce, in addition, many inhercnt advantages in the use of
a sclf- instructional, or programmecd instruction tcxt., It cn-
sures an active attitude of the student curing his study, gives
him immecdiate confirmation of his comprchension of the subject
and allows him to follow his own ratc of study. Thesc advantages,
which have been demonstrated in othoer arcas of training (mainly
in the U,S,A.), must be cxplorcd also in science tcaching at
scecondary school level, The text for the "Physics of Light“
course has thercfore been developed by the Project participants
according to the techniquce of programmcd instruction, under the
zuidance of onc part-time consultant on Lcarning Theory and onc
full-time speeialist in programming. The preparation of the

text has also included repeated testing on students and subse-
quent revisions. A preliminary mimcographcd version in five
units (six volumes), totalling more than 900 pages or 50 hours
of student instruction, is now rcady in Portugucsc and Spanish
(1000 copics) for further tosting under classroom conditions.

Therc are many important cxperiments, however, which arc
beyond the possibilitics of simple inexpensive "kits", They
may require too cxpensive or claborate cquipment or be otherwise

4
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ﬁﬁoo difficult or dangerous for the students to perform. Ideally
f:uch experiments should be performed as demonstrations by the
?ieacher. But the teacher mostly has too little time or equip-
ghent to prepare such experiments, This brings our attention to
Hthe use of educational films in scicnce teaching. A film of an
gexperiment, performed under ideal conditions, sometimes utilizing
gthe possibilities of the medium to contract or expand space or
ftime, has become a powerful aid to the classroom teacher, We
Emay consider two different types of teaching films, however,
fone is the silont, short (3 to 5 minutes) film which shows one
fexperiment or a series of experiments illustrating a single
jconcept, The other type of film is the long sound film (20 to
§3O minutes) which usually is a filmed lecture b, an outstanding

i . J
i teacher showing a series of experiments and presenting an ex -

1
!

. tensive argument. Ter fevers . reasons the short silent film
seems a more flexible and versatile tool. The absence of lan-
gueage makes it immediately applicable in all countries. The
teacher is left as the master of the class, he chooses the con
text in which to show the film, he may stop the film at any
moment to ask questions or give explanations, The possibilities
of 8 mm projection is a further advantage as 8 mm projectors
and films are relatively inexpensive and handy to bring into
the classroom, and as there are projectors on the market which
facilitate repeated projection as well as stopping the i1ilm at
a critical moment., As part of the course on '"'he Physics of
Light", the Project produced (with the help of two part-time
conaultants on film préduction and of local film makers) 12
short silent films as well as a [ ilf-hour sound “ilm, the
latter in two versions: Portuguese and Spanish, Dectailed
Teachers Guides have been preparced for each of the short films,
with suggestions as to their use, subjects for discussions,
etc.

The showing of the films to a larger audicnce should be
one of the tasl's o oddcqﬁioqg} television. Television
classes, showing a tcachcr on the screen, may also serve as
models to other tecachers on how to utilize simple experiments
and short films in giving a physics class., Vith this in ming,
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the Project participante have prepared 8 television programs to
become an integrated part of the “Physics of Light" course,
These programs showed live experiments and also utilized the
films produced by the Project as well as films from other sour-
ces. The programs were broadeast in Sao Paulo, on channel 4,
in Jwly 1964. The scripts of these programs have been mimeogra

phed.

In experimenting with the above menmtioned tecaching tools
and techniques: laboratory experiments, programmed instruction
texts, short silent films, long sound films and television pro-
grams, the Project participants have at all times attempted to
pursue and integrated use of all techniques, It has becn the
basic philosophy of the Projcct that nonc of thcem is self
sufficient,.

The resulting "Physics of Light" course was given to a
pilot class during July 1964, and simultancously presented to
physics professors, teachers and administrators from Lat n
America during a Regional Seminar on Physics Teaching, This
Seminar also discussed the expericences of the Project on the
developmuent and production of tcaching matcrials, and on the
continuation of the Pilot Project activities in other countries,
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2 List of staff and participants of the Pilot Project.

Staff,

Dr. Alvert V. Baez, Director of Sg¢ience Teaching,
UNESCO, Paris,
’ "
Dr, Par Bergvall, Department of Physics, University of
Uppasala, 3weden., (Director of the
Project)
Dr. Nahum Joel, Departamento de TFisica, Universidad de
Chile, Santiago, Chile,
(Ltssistant Director of the Project)
Mr, Le Xuan, Department of Lducation, UNE3CO, DParis,.
(Expert in programmed instruction)
Dr. Francis Mechner, Basic Systems, HNew York, (part-time
consultant on programmed instruct.’ . on)
Mr, Herman Engel, New York, (part-time consu’iant on
films and TV)
Mr, Peter Robinson, New York. (part-time consultnnt on
Tilms ard TV) '
Participants.
Argentina:

Mrs, Alicia Scaparoni de Andrada, Instituto del FProfeso .

Mr,

o

do Secundario de Azul, Provincia
de Buenos Aires

Rafeel Rduardo Ferreyra, Instituto de ilatemiticas,
Astronomia y Ficico, Universidad
de Cérdoba

Mrs., Carmen Roby de Ferreyra, Instituto de Matemdticas,

Brasil:
Mr,

Ast: nomfa y Pisica, Universidad
de Cordoba

Claudio Zaki Dib, Departamento de Fimico, Universida
de dv Gny Teulo



Mrs, Gita K, Ghinzberg, Departamento de F{sica, Universi-
dade de Sao Paulo

Mr., Manoel Jorge Filho, IBECC, Sao Paulo
Mr, Fuad Karim Miguel, IIZCC, Sao Paulo
Miss Taiko Kishimoto, IBECC, Sao Paulo

Mrs, Jesuina Lopes de Almeida Pacca, Departamento de
Pisica, Univercidade de “ao Paulo

My, Liacir dos Santos Lucena, Colegio Estadual do Ateneo,
| Natal

Mr. Alberto Mello, Departamento de PFisica, Universidade
de sac Paulo

Dr, Paulus Pompeia, Instituto Tecnologico de Aeronautica,
520 Jn2é cos Campos

Miss Maria Teresa A, .ilva, Sao Paulo
Mr. Antonio de Souza Teixeira, IBECC, 540 Paulo

Mrs. Therezinha Wagner de Campos, Depertamento de Pisica,
Universidade dc Sao Paulo

Chile:

Cuba:

Mr, Héctor Munoz, Departamento de Pisica, Universidad
‘de Chile, Santiago
Mrs. Irene V< llaroel de Muroz, Departamento de Fisica,

Universidad de Chile, Santiago

Mr, Fernando Veas, Escuela de Ingenieros Industriales,
Univerpsidad Téenica del Estado,
Santiago

Mr., dJuan Vestphal, Departamento de Fi{sica, Universidad
de Chile, Santingo,

Mr. René J, Montero, Instituto de Superacibén Educacional,
Minisierio de Taucacibdn, La Habana



Ecuador;
Mr. Gonzalo Flores, Universidad Central, Quito

Mr, Osvaldo Proano, Colegio Normal Juan Montalvo, Quito

Honduras:
Mrs. Alma Af{da Garcia, Escuela Superior del Profesorado,
Tegucigalpa
Perti: |
Mr, José Donayre Flores, Universidad Nacional de la
Amazonia, Iquitos
Venezuela:

Mr, Gvitovo Alcald, Instituto Pedagbgico, Barquisimeto

Mr. Oscar Colmenares, Instituto Pedagbgico, Barguisimeto



3, Institutions associated with the Project.

——— — -

The host institution of the UNESCO Pilot Project in Brasil
has been the Instituto Brasilei:n de Edueacao, Ciencia e Cultura,
IBECC, Sao Paulo. The experience of IBECC under the direction
of Dr. Isafag Raw and MMrs, Maria Julieta Sebastiani Ormastroni,
in promoting science teaching in the whole of Brasil and its
unique workshop facilities for the production of simple inexpen
give laboratory equipment was one of the main reasons for choos
ing Sho Paulo as the site of the Project, IFECC has also con -
trivuted with laboratory and office space, Bragzilian participants
and technical nersonnel, and free televigion time for the broagd
casting of nrograms. IBECC provided the contacts with other
Brazilian Institutions and contributed to solving the transporta

tion and other local provlems.

T. project nas been geographically located at the Physics .
Department of the University of S3o Paulo (Cidade Universitaria),
Herc we liave been given generously of laboratory and office
space, and granted the use of lecture rooms, The interest of
the Department staff in our Project has been a constant source
of stirulation to the Project participants.

Few the production of educational films, early contacts
were mede with the Servico de Recursos Audio-Visuais at the

Centro Regionnl de Pesquisas Tducacionais, also located at the
Cidade Universitaria, Sao Paulo. This group, under the techni-
cal direction of experts from Michigan State University under a
United Utates AID Program, has generously cooperated with the
Project in the production of three short silent films and the

long round film,

Our main source of tellowships for participants has been
the Cerntro Latino- Americano de Fisica, CLAF, which granted 6
Tellowships of approximately U3 § 100 monthly each to non-
brazilians, This valuable help is deeply appreciated., Further
Tfellowships have been provided by the Brazilian Government
throush IBECC, tho Argentinian National Commission for UNESCO,
the Venczuelan Ministry of Eduwcation, USAID program, University
of Chile, and UNTSCO,
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4, List of materials developed by the Pilot Project for the

coursc on the "“Physics of Light" (Description and samples

are given in Section II),

(A) A programmed instruction text in five units (Portuguese and
Spanish versions):
0, Lzneriments and graphs
1, Somec fundamental properties of light
2, A particle model for light
3, A vwveve model for light
4, Blcetromngretic waves., ~ Photons.
(B) Eight k*ts of inexpensive laboratory equipment:
1, Expcriments and graphs
2, Boue nropertics of light

[}
<

Ligsht erd particles

4, Thotometry
£, Ripnle tonk

Li.. action oand interferonce

[ o lEE N
L]

Prnotons

The gtudents will do cxperiments with these kits as they

“

vork th ough vhne programmed text,

<

(C) Twelve short silent films (average time, 4 to 5 minutes
each) s
0. Cock with mirror image
1, Tauo cxreriments with images
2, Beflected light: glass in liquids
3. Restilinear propagation (of light, drops in air, atoms
. in vacuvm and cleetrons in vacuum),
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4, Reflection of light and particles, I (flet and parabolic
~ surfaces),
5, Reflection of light and particles, II (elliptic surfaaes),
6, The pinhole camera
7, Pulsecs
8, Infrared radiation
9, Light, X-rays, and gamma rays
10, The photoelectric cffect
11, Light and electrons

A booklet containing Teachers Guides for these films has

also heen produced,

A 16 mm film with sound, 30 minutes duration, on the subject
"Light ,.. is 1t a wave?", showing single slit diffraction
experiments with ripple waves on water, sound, radio waves
and light, (Ve_-sions in Portuguese and Spanish have been
produced),

Seripts for eight television programs on which items (A)
to (D) werc used together with live cxperiments and some
othcir materials:

1, Imagcs

2, Some propertics of light

3y Light and particles

4, Photographing without a lensec

5, Waves

6, Is light a wave?

T, Beyond the visible .

8. Llectromagnetic nature of light., - Photons
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5. The Regional Latin-American Seminar on New Methods and

Techniques in Physics Teaching.

-—

This Seminar took place in 3ao Paulo between July 6 and
July 30, 1964, It was organized jointly by the Pilot Project
and UNESCO's Scicence Cooperation Office for Latin America

(Montevideo).,

The objectives of the July Scminar were to present the
matcrials developed by the Projeet participants to a group of
University profcessors, High School teachers and Education
administrators from Latin America, and discuss this matcrial
with thcem, Furthermore, it was intended to make the matcerials
and expericnces of the Projcct known to o larger number of
physicists and physics tcachers and stimulate activitics of
scicence materials development in othoer countrics. The parti
cipants to the Seminar, *togecther with the Projcet partici -
pants, constitutcd a represcntative group of 60 physics
teachers from 14 Latin-American countries, Parallel to the
pregentation of the course of the Sceminar, a test with scecon
dary school students was conducted, and the test results were

discusscd,

The activities of the Seminar included:
a) Following thc coursc on the "Physies of Light" by going
through the programmed instruction tcxt and performing the ex
periments, viewing the films and the television programs,
b) Discussions of thc above materials, of the tcst results
and of the rcactions of the studonts.
c) #44tending classes and group cxcrcises, dirceted by the Pro
jeet participants, on the problcms and techniques of writing
programmcd instruction texts and of making films, television
programs and kits of laboratory cquipmoent., The programming
coursc included frame-writing c¢xcerciscs and the film coursc
the filming of an cxperiment with 8 mm cruipment.
d) Confercnee scssions on various topics of physics and
physics tcaching, prescntation of work going on in the various
countrics of the participants,

rd
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¢) Visits to IBECC, the rcscarch groups of the Physics Department
and thc reactor of the Nuclear Encrgy Commission,

The rcaction of the Scminar participants to the work of
the Project was very favourable, and the following statement
drafted by an clceted committee, was issucd,

6. Statement issucd by the participants of the Regional

Seminar,

l. The UNESCO-IBECC Pilot Project on the Teaching of
Physics has accomplished a profitable and fruitful task and
constitutes a valuable expcricnce,

2., The Project has demonstrated the possibility of using
new methods and techniques in physics teaching; but some large
scale experimentation and evaluation would be necessary before
their validity can be fully asscssed, With this aim in view
we recommend that these methods and techniques be further '
tested and evaluated throughout Latin-America,

3. The Pilot Project has achieved its fundamcntal aim, as
several countrics have shown intcresy in the continuation of
the activities initiated by the Projcct,

4. We hope that UNESCO will give moral and material support
for the continuation of the activities that will take place as
an outcome of the Pilot Projcct, promote the cexchange of infor-
tion on the activities to be carried out, and help to maintain
the links cstablished at the Project,

We, the participants of the Pilot Project and of the
Regional Seminar, are aware of our rcsponsibility in the efforts
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to be made towards the progrecss of physics teaching, not only
in continuing the activitics initiated by the Pilot Project

but also in sprcading them on a national seale., We hope that.
these efforts will be assistcd by the appropriate authorities.

We wish to cecxpress our thanks to UNESCO, to UNESCO's
Scicnce Cooperation Office for Latin America, to IBECC, to
CLAF, to the University of Sao Paulo, and to the other institu
tions that have contributed to “.:e Pilot Project and the Regio

nal Seminar",

T, List of participants of the Regional Seminar,

Argentina: )
Dr. Alberto P, Maiztegui, Direc*or del Instituto de Mate~
méticas, Astronomia y Fisica, Uni

versidad de Cérdoba,

Mr, Féli:: Caricio Bosatta. Escucla Nacional de Lducacién
Técnica, La Plata,

Mr, José Manucl Calvelo, Facultad de Cicencias Fxactias y
Naturales, Universidad de¢ Buenos
Aires.

Mr, Eduardo Hardoy, Universidad Nacional del Nordeste,
Salta,

Mr, Heraclio Ruival, PFacultad de Ingenieria, Universidad
de Bucnos Aires,

Bolivia;
Mr, Armando Gantier, Escuela Ns2ional dc Maestros, Sucre

Mr, Angcl Gustavo T ez, (CLAF fcllow)
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Brasil:

Miss L&da Araujo de Moura, Centro Brasileiro dc Pesquisas
P{sicas, Rio de Janciro.

Mr. Geraldo Hélio Coclho, Faculdade de Mcdicina da Univer
‘ sidade de Minas Gerais, Belo Horizonte

Mr. José Augusto Cordeiro, Colégio Coragao de Jesus,
sao Paulo,

Mr. Ernani Fernandes Barbosa, Colégio Istadual do Amazonas,
Manaus.,

Mr, Angelo Ferro, ‘Colégio de Aplicagao da Universidade de
Sao Paulo.,

Miss Beatriz Gongalves de Alvarenga, Faculdade de Medicina
da Universidade de ilinas Gerais, Belo
Horizonte,

Mr, José Percira Pinto, Secrctarfa de Educagao, Goiés

Mr, Oscar Alex Rebello, Colégio Estacual do Paran$,
Curitiba.

Mr, Joao Augusto da Silva, Colégio Municipal, Natal.

Miss Aiko Tanonaka, Instituto dec Edugcagao Conde J., V. de
Aze--edo, Sao Paulo,

Mr. Raimundo Vasconcelos, Instituto de Tducagao do Par4,
Belém

Dr. José Walter Boutista Vidal, Faculdade de Filosofia
da Universidgdce da Bahia, Salvador

Mr, Isidoro Wasserstein, Colégio Visconde de Porto
Seguro, Sao Paulo,

Chile:

Mrs. Rosa Jiménez, Instituto dc Cicncias, Universidad.
de Chilez, Santiago.

Mr, Roberto Morales, Instituto de Cicwecinz, Universidad
de Chile, Sartiago.
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Dr, Darfo Moreno, Jefec del Departamento de Pisica,
FPacultad de Filosofia y Educagién,
Universidad de Chile, Santiago

Mr.Roberto Ninez, Departamento de F{sica, Facultad de Fi
losof{ia, Universidad de Chile, Santiago

Colombias
Mr. Emiro Alfonso Fabregas (CLAF fellow)

Ecuador;
Mr. Luis Felipe Almendariz (CLAF fellow)

Mr. Galo Fabidn Soza (CLAF fellow)

Mr., Manuel Humberto Villaviconcio (CLAF felliow)

México:
Dr, Manuel Diego Castillo, Comisién Nacional de Energia

Nuclear, México

Niearagua:
Mr. Oscar José Lépez Jiménez (CLAF fcllow)

Peri: , , .
Mr. Carlos A. PEravo, Ministcrio de Educacibn, Lima,

Miss Elvira Salazar de¢ Puertas, G, U, E. "Maria Parado
de Bellido", Lima

Salvador;
Mrs, Ethelvina Morilleo de Eccobar, Escuela de Mediceina,
Universidad de El Salvador, Centro~Amé-

rica,
Uruguay;
Mr, Juan Carlos Arruti, Dircceidn de Tnscnanza Secundaria,
Montecvideo,

Mr. Alcjandro Brunctto, Conscjo Naclional Escucla Scounda
. ria, Montcvidco,
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&enezuela: g
Dr., José Alejandro Rodrigucz, Jefe del Departamento de

Mateméticas y Fisica, Instituto Pcda
gbgico, Caracas.

(The staff and participants of the Pilot Projcct also
took part in the Regional Scminar).

8, Continuation of Pilot Projcect Activities.

After this first ycar of the Pilot Project, the partici
pants of the Projcet rceturncd to their home countries with
samplcs of the materials they have produccd. FEach full-time
participant rcceived five sets of the kits, fifteen or morec
copics of the text, one 8 mm film projcctor with a sot of all
the films produced by the Project, and in addition a sct of
ripple~tank films from ESI, USA. (The participants to the Se-
minar rceceived one set of the kits and one sct, in somc cascs
a few sets, of the texts). The participants have acquired
during the ycar considecrablc cxpericnee and training in the
development and preoduction of tcaching materials, The possi-
bilitics of continuaticn, along the lincs initiated by the
Pilot Project, of activities by the participants will of coursc
vary very much from country to country, depcending on the faci-
lities available and on the number of participants., In resp-m-
se to a questionnaire, 3/4 of the participants considcred their
possibilitics of continucd work good or very good, only 1/4
.judged them as doubtful. The continuation activitics planned
are of the following kind:

”
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a) Testing of the matcrials developed and produced by the Pilot
Project, This is possible for all the participants, even on a

small scale, It is planned to collect and distribute the resul
ts of these testing activities,

b) Revision of the preliminary version of the text based on the
test results, and printing of a new versicn,

¢) Further production of the Pilot Project kits for extended
testing or for sale to students and teachers.

d) Development of ncw kits, texts, films and television prograns,
covering other parts of the physics curriculum for testing and
distribution,

Testing and further production of the Project materials
have already begun in Brasil, and concrete plans for testing
and for development of new matorials have also been prescnted
by most of the non-Brazilian participants of the Project.

The forms of support UNNESCO can give to the continuation
activities are several., The distribution of copies of kits,
texts and films, ctc, to e participants as minticned above,
already rcpresents a value of more than US $ 10 000 (cost price),
To assist in further development work and coordination of the
activities in the different countries, UNESCO is co: sidering
:xtending the contract of one of the Physics experts until
1965. Thmough the Centro Latino-Americano de Fisica (CLAF),
JNESCO is supporting regional promotion of physics teaching.
\ provisional committee for the advancement of physics tcach-
ing in Latin-America consisting of five members has been for-
ted under the auspices of CLAF. UNTSCO is further consider -
.-ng supporting continuation activities in some countries by
rontracts utilizing Regular Program funds and through the use
f Technical Assistance funds for experts and fellowships,



19.

S3ection IT.
Description of the materials developed

by the Pilot Project, and some notes on
their production and o~pplication,

9, Choice of topic and level of the course.

The topic of the coursc "Physics of light" was chosen
because of 1ts importance in modern physics and bccause it
gives a good opportunity to illustratc the interplay between
theory and experiment and thc use o7 “models" in scientific
theory., It has further been recognized (by the PSSC group
at MIT) that properties of light constitute a much better to
pic for the initiation of a physics course than the conventional
topic <« "Tave~7 V. The subject lends itself to simple expe
rimentation and also dcemonstratces how other branches of physics
such as mechanics of narticles and waves, or elcctricity and
magnetism, are connected with the study of light,

In the majority of nrevious physics secondary school
courses, the modern nort of the study of light comes at the
end of the whole course, This is unfortunate asg it often
means that there is no time to read those last chapters, The
extension of the study of light over a long period also makes
it more cifficult for the studcnt to get an overrll view of
the cdiscussion. Against this may be said that for an unders-
tanding of the modcrn evidence for the electromagrietic nature
of lipht and the quantization of light energy, a fthorough
knowledge of mechanics and electricity is recuired. The pre-
sent course tries to treat ever the modern parts on a low le-
vel of prerequisites, however It is intended as the first
part of a "concuntrie" or "spiral' approach to the subject,
by which first a somewhat superficial discussion is given,
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hich however, covers the whole topic, including the modern

Parts .
It has been attempted to develop the "Physics of Light"

into a course which may serve as an introduction to physics to

|

‘students who have never had any physics before, and also a course

which shou. d give the students a knowldege of some basic methods
and principles of experimental physics, in case it is the only

experimental course they take,

10, General characterisitics ¢7 programmed instruction,

The technique of programmed self-instruction has during
the last few years developed into an efficient tool for teach-
ing and training various categories of industrial and military
personnel., Its use in primary and secondary school education
has been very little investigated, howevc::, The text developed
b the Project represents a serious attempt to program a longer
science course for secondary schools with an integrated use of
experiments, The potentialities of programmed instruction for
offering relief in the present situation of world-wide teacher
shortage derive from its being self- mstructional: the students
can work on their own in large classcs with no, or very little
supervision, and will meet the teacher only every third or
fourth hour for discussion, Programmed instruction has several
other advantages as well: it maintains an active response of the
student at all times, the student gets immediate confirmation of
his comprehension a’ every stage of the course, and he is allo-
wed to follow his own rate of study. In addition to this, the
principles of learning thecry and behavioural technology are
applied to the prescntation of the material in order to ensure
maximum efficiency of learning. . program looks different from
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an ordinary book in that the matcrial is presented in small
gquanta or "frames'", Every frame contains a guestion to be
answered or an instruction to be carried out by the student.
The correct answer to cach frame is given on the following
page. A few sample frames token out of the program on colours
of unit 1, are given in Chapler 16,

11. Some objectives of physics tcaching,

In applying the technigue of programmed instruction to
a science text it is important to bear in mind the objcctives
of modern scicnce teaching such as they have been formulated
in the recent discussions on curriculum reform. In fact, the
specification of objectives is always the first step in the
construction of a program, This i3, however, onc of the most
difficult tasks, Physics te¢achers and cducators often say
that they want to tcach their .students to "think" and "work
independently®, Ve neced, however, much more concrecte and
operationally defined objectives as a starting point for the
construction of a program. winat do we wish the student to be
able to do after having taken our course? The easy and tradi
tional answer is to spccify a certain domain of factual know-
lcdge which the student should master. But a knowledge of ba
re facts is the lcast important of the objcctives of scicnce
education., A knowlcdge of the methods by which factual infor
mation is obtaincd is much more important, We may take an
example from the frames given herce; they, tecach the method
(the program in fact tcaches various methods) of spectral ang
lysis, The spectral colours transmitted by cach colour filter
is no* important knowlecdge, but the mecthod by which one can
find out this information, is. A morec gencral objective is
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the following: we wish the students to understand the fundamen-
tal role of cxperimentation in physics, how all our knowledge
stems from experiments and how experiments arc used to verify
sciontific theorics, Such an objective can only be attained by
giving a long ¢xperimental course. An important objective, ho-
wever, is to give an understanding of the rolc of theory in re-
lation to experiment. The physicist always trics to obtain gquan
titative information from cxperiments; he analyscs the rosults
graphically and attempts to swmmarize the results as simple ma-
thematical formulas, thc "laws" of physics., The technique of
graphical analysis 1is taught in mit O of thc "Physics of
Light" coursc and is rcpeatcdly applicd in later units, A num-
ber of laws are then summarized in terms of a hypothesis, which
frequently is formulatcd as a "model", like the particle and
wave models of light discussed 1n our course., The usc of mo-
dels for proedicting results of new cxperiments, and the oxperi-
mental test of the models, is an important part of the scionti-
fic method and the most important principle illustrated in the
"Phy=ics of Light"., But to tcach a full comprchension of the
coneept of scicntific model we probably necd more cxamples than

those given in the course,

As long as the above objectives arc sought, it is of
little importance which arca of physics is treated in a course,
The physics of light is, howcver, onc¢ of the most important and
exciting topics of modern physics, It scrves to illustrate, as
well, the closc relation between different branches of physices;
which in itsclf is a valuablc objeective, In the "Physics of
Light" course, not only propertics of light arc studicd; propert
ies of particles and waves, clectricity and magnotism, hoat ra-
diation, gamma rays and photochcmical rcactions, are also in -

vestigated,

An important objective in science tcaching is to show
the conncctions between the seicnce taught at schoeol and the
wonders of nature and cveryday life, This objoective 1is best
attained by a good choice of the cxamnles for the teaching of
concepts , Radio, radar, artificial satelites, x-rays, ctc,
are all -wcll known phenomcna of the modern world which arc used
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in unit 4 of the course,

12. Physics experiments with programmed instruction manuals,

—n - ——

The emphasis on cxperimentation by the studcnt is perhaps
the most significant characteristic of modern curriculum rcform.
The student should lcarn from his own obscervations, as this is
the only way we cver learn, By doing cxperiments the student
will also experience personally the prirnciple of cause and
'cffoct, which is a basic componcent of the scicentific attitude,
In tcaching a concept, it is important to furnish many cxamples
to enable the student to gencraline, but also non-cxamples to
furnish material for, discrimination which is an important part
of concept formation. In an cxperiment i’lustirating a concept,
the situations obtaincd when significant variables arc changed
furnish the discriminations, whercas variation of insignificant
quantitics cnable genocralization. To producc a spectrum with a
prism, for instance, a slit is rcjuircd. Absonce of the slit
(or the prism) give situations which arc non-cxamnples of produg
tion of a gpecetrum, If the slit is high or low docs not matter,
the spcetrum only becomes high and low, but it is still a spec
trum. The position of the prism rclative to the slit is
(within limits), also unimportant, the speccetrum will be of a
different width., Thus the insignificant variables in this sim
ple case furnish a gcncralization witlhin the c¢’ass of spcctra
(or situations which produce spcectra). To .xpcricnce these
discriminations and gcncralizations by pcrsonal cxperimentation
is probably a powerful aid to concept formation,

It is often pointed out, however, thot in cxperimental
classes the student should not be given "cookbook" instructi-
ons to follow slavishly. Hc must always be given the frecedom
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tp follow his own initiative and be allowed to "play" with

$he cquipment. A student who for the first timec is given cx-
perimental cquipnent (like the typical student who begins with
the "Physics of Light" coursc) will not feel free, but lost,

if he is not given sufficicnt instruction., He must be given
precise instructions to begin with, instructions which are then
nfaded", so that in the ond (referring to the sample framcs
again) we can give such a gencral instruction as: "Do a spee- .,
tral analysis of the light transmittcd through the pink filter".
The tcchnigue of programmed instruction docs not limit or smo-
ther personal initiative; on the contrary, as the student works
on his own, taking his own time, hc is frce to perform any de-
viations from the program that he may wish to do.

13, Comments on the programming tcchnique.

-

The authors of the "Physies of Light" program have all
been aware of the above objectives of modern scicnce tecaching
(several of us have been familiar with these ideas many ycars
before), As we began to apply the technique of programming
which had bcen taught during the initial months of the Project
by the programming cxpertg, Dr, Francis Mocchner, Basic Systoms,
New York, and Mr, L¢ Xuan, UNESCO, Paris, we found no formal
way of including these objecctives in the programming work.

The objectives for cach chapter were stated in terms of subject
matter knowlcdge, such as "How can a ray of light be bent" or
"Which cxperiments with light can only bc accounted for by a
wave medel", The overall objectives had to stay in the back

of our minds to be used when the approach was choscn, the cxam=-
ples selected, and the frames written, From the point of view
of programming technology, this solution is not very satisfac-
tory, as it rcyuircs the subject matter specialist to be invol-
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ved also in the last stages of programming. It is our opinion,
however, that the prescont state of the programming art does not
allow the subject matter specialist to withdraw after stating
the objectives to a behavioural technologist. An experienced
teacher and physicist who has acquired the essentials of the
programming technique is probably hard to substitute by a cle-
ver programmer vith a little knowledge of physics, at all sta-
ges of program production,

We shall not present here a dctailed account of the various
stages of the programming technique used by us, Such an account
is of little value as the technique is at present in a state of
rapid development. We shall merely cnumerate them as follows:

Outlining and specification of prerequisites
Specification of objectives

Behaviour analysis of the objectives
Construction of flow chart from the analysis
Sequencing

Frame prescription

Frame writing

Testing and revision.

Units 0, 1 and 2 were tcsted and revised three times befo-
re the printing of the present "preliminary version"., Units 3
and 4 have in parts been tested and revised twice, in parts
only once. Unit 4 was never tested on students which had taken,
all the previous units.

During July 1964, Units 0, 1 and 2 were again tested on a
pilot class of 30 Pra-ilian stvdents, The results of the test
are prescnted in a separate chapter,
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14, Notes on the use of programs in the classroom,

Regarding the use of programmed instruction in schools,
it should be emphasized that the program does not substitute
the teacher; it must be ragarded as one of the aids he has at
his disposal. If the teacher is relieved of some of his ins-
tructional tasks he will have more time to spend on the stimu
lation, motivation, ard education of his students.

Two more remarks regarding the use, of programmed instruc
tion in schools should be made, however, The first rcgards a
common criticism of all programs: they are too vcluminous,
The number of pages in relation to the content is too high,
It is said that the programs will be too expensive for the
students, This criticism is based on the misunderstanding.
that each student should have a program of his own to keep.
Once a s*u7-nt has gone through a program, it becomes of little
value to him, It is very difficult to make revisions of one's
knowledge with a program; it is even difficult to find a certain
piece of information. The programs, consequently, are used by
generation after gencration of siudents in the same way as the
kits are used, Even though blanks are left to fill in and squa~-
res left to cross out in the programs, it is not intended that
the students should write in the books. They should give their
answers in a separate work-book, preferably a response~book spe=-
cially designed for the purpose.

This brings our attention to the need of special review
books for each student, summarizing the information of the pro-
gram, perhaps in the form of questions and answers. The Project
has not produced any such boo. .3, bub we hope to be able to do
s0 in the near future,

The second remark regards the time it takes for the stu~
dents to go through the programs., The average number of frames
per hour made by a student of our program is about 40, which
neans that the total number of hours for the whole course is
above 50 hours. This seems a lot for only a part of a physics
course,, But it should be remembered that this time includes
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ghome-work in conventional teaching. The use of programs bdbrings
quite new aspects on home-work. If a student takes a kit and a
progrem home, he will be doing his home-work more efficiently,
Some of the experiments of the "Physics of Light" course in fact
are easier to do at home. Tn two cases they require individual
work in darkness and in one case a radio rcceiver is needed
(available in most homes but not so often a* school),

It should be pointed out, that in underdeveloped areas the
shortage of teachers and classrooms enable only a few hours of
school attendance for the students, There arc often two or
even three sets, of classes attending school only morning, af ter
noon or evening. Programmed instrug¢tion promises the use of out-
of=gchool hours for efficicent study.

15, The programmed instruction text for the coursc on the

"Physics of Light",

The programmcd instruction'text, of 943 pages, contains
2155 frames, and is divided in five "units" numbered f:om zero
to four.Unit 1 is printed in multilith, with text on both sides
of the lcaf, the other units are mimecoyraphed with text on one
side only,

Unit O, Txperiments and graphs, 240 framcs, 105 pages, 10
printed pancls. This is an introductory unit designecd to pro -
vide some prerequisites necded for the analys’s of quantitative
experiments to come in later units (for instance the sine law
of rcfraction, and the inverse squere law for intensity of illu
mination), The firc* chapter deals with how to read and obtain
information out of graphs on millimcter paper. The concept of
proportionality and its graphical representation is thon taught
with many oxamples, including an cxperiment which the student
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does himself with weights and a spring, arriving at Hooke's
law, The third chapter, "Analysis of expcrimental results",
shows how experimental data are prescnticd graphically resulte
ing in various curves, how the curves can be reetified into
straight lincs by change of the variables an? thus be summari
zed in simple mathematical formulae: "laws" rcprescenting the
rcsults of the cxperiments, The studont performs an experiment
measuring the time of oscillation of a pondulum as a function
of its length and makes the graphical analysis leading to the
pendulum cquation., An appendix tcaches the use of tables,

This unit can be usced indepcendently from the following
mits of the course,

Unit 1. Some properties of light, 474 frames, 200 pages.
This unit studies some¢ fundamental propertics of light, It
gtarts with the question "How do we sce an object" and shows
with slits that the path of light coming from an objecet into
our cyes is a straight line, With the use of a torch project-
ing narrow beams of light thc rcctilincar propagation in water
and glass is cstablished. Somctimes a beam of light is devia-
ted, howcver, and the conditions producing rcgular reflexion,
diffuge recflexion, refraction and diffusc transmission are stu-~
died experimentally., 'hen light is deviated by rcgular refleii
on or refraction, we do not see the object, we sce images .,
The study of imeges includes many cxamples and leads to experi-
ments relating to the position of the images formed by reflexi-
on and refraction, showing the need for a more quantitative stu
dy of these phenomena, This is carricd out in the following
chapters, where the laws of roflcxion and the sine law of refrag
tion arc dgrived from experiments mainly with light beams, Re
versibility of the light path and total reflexion are included,
A final chapter deals with colours. Spectral analysis of rc -
flected and transmittcd coloured light is made with the use of
a& prism, by direct vision or by mcans of a beam of white light.
Absorption is amply illustratcd, \/hat is meant by monochroma
tic 1ight is shown with filters and an cxperiment with a sodl
un flame, -
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starts with the question "How do we see an objcct" and shows
with slits that the path of light coming from an objcect into
our eyes is a straight line., With the usc of a torch projecct-
ing narrow beams of light the rectilincar propagation in water
and glass is c¢stablished. Somctimes a beam of light is devia-
ted, howcver, and the conditions producing rogular reflexion,
diffuse reflexion, yefraction and diffusc transmission arc stu-~
died experimentally. ‘'hen light is deviated by rcgular reflexi
on or refraction, we do not see the objecct, we sce ilmages .
The study of images includes.many cxamples and lcads to experi-
ments relating to the position of the images formed by reflexi-
orr and refraction, showing the need for a more quantitative stu
dy of these phenomena, This is carricd out in the following
chapters, where the laws of reflexion and the sine law of refrac
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un flame,
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Unit 2. A particle model for light, 212 pages, 412 fra
mes. The behaviour of particles is studicd quantitatively by
mcans of marbles and is found analogous to the bchaviour of
light, as far as rcgular and diffusc refloxion, rcfraction,
total reflexion and reversibility of light path arc conccrned,
The p~8sibility of summarizing the bchaviour of light by a par
ticlc model is then investigated, “#fter trcating the concept
of generalization, the text shows how the model predicts new
propertics of light: the transport of cnergy and the inverse
squarc law for the intcensity of illumination as function of
distancce from a point source, The latter prediction is veri-
fied cxperimentally by a quantitative cxperiment using a paraf
Tin photomctecr., However, it is found that the prediction of
the model regarding the change of speed of light when refrac-
ted is not sustained, and that the model doces not predict or
account for the phenomena which arc obscrved when light passes
through a narrow slit, As a conclusion, the particlc model is

abandoncd,

Unit 3, A wave model for light., 760 framcs, 328 pages
(2 volumes), The particle modcl failing, we turn our study to
wavc phenomena, with the intent of finding a better model to
account for the bchaviour of light. ZExpcriments with strings
and the ripple tank illustrate -the conccpts of pulsces and waves,
what is a medium, velocity of propagation, wavelcngth and fre
quency of periodic waves, and the relation between wavelcength,
frequency and velocity, Quantitative analogics are cstablished
between the behaviour of waves and the bcechaviour of light re.--
garding reflexion and refraction., Diffraction is then studied
in experiments with light: as obscrved through a single slit
and the shadow of a necdle, Other cexamples of light diffractl
on are shown, Diffraction of waves is then demonstrated by rip
ple tank caperiments and the analogies between diffraction of
waves and lizht are established, A wave model for light is de-
veloped and compared with the particle model. Interference
with waves and light is then studied, the Young double slit and
the Lloyd mirror experiments, as well as a thin film interferen

o
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ce experiment, are performed, A quantitative measurement
of the wavelength of red and blue light is made by the double
slit experiment{ Some limitations of the model are discussed.

Unit 4, Electromagnetic waves, - Photons, 269 frames,
98 pages. Light propagates in vacuum, But if light is a wave,
what is it that vibrates in empty space? We know, however,
that radio waves also propagate in vacuum, To illustrate the
nature of radio waves, a few simple experiments with a compass
needle, a magnet and a battery with a wire are made, t¢ produce
and register electromagnetic pulses and periodic waves, Some
properties of radio waves are discussed and their diffraction
and interference are cited to prove their wave nature, The
fact that both light and radio waves propagate in vacuum and
wlth the same speed suggests a common electromagnetic nature.
The photoelectrivc effect also indicates electric properties
of light. Other types of radiation with the same nature as
light and radio waves, but different wavelengths, are presen-
ted: infrared radiation, ultraviolet light, x-rays, gamma
rays, which all make up the electromagnetic spectrum, Expe-
riments with photographic emulsions show that fairly intense
red of orange light is incapable of producing photochemical
reaction, whereas light from the blue or green parts of the
spectrum even with very low intensity does carry the energy
sufficient to initiate reaction. An argument relating to the
photoelectric effect: expulsion of electrons from zinc by
weak ultraviolet light but nct by intense light from an ordi-
nary bulb, similarly suggests that light behaves as if its
energy were divided in paeckets, which have higher energy thc

higher the frequency of light (photons). Conclusion: neither a
simple particle nor a simple wave model sufficcs to summarize all
the behaviour of light, Light as a phenomenon is too complex

for its behaviour to be summarized in such crude models as
particles or waves, even though these models have been shown

to be very yseful for discussing certain types of light pheno~
mena.,
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16, Sample frames from the tcxt,
(Unit 1, Chapter VI, Colours)

The 46 first frames deal with how light can be decom~
posed into a gpectrum of colours, using, among other things,
a glass prism, Absorption, and reflection of light by black
and white surfaccs has béen,discussed (transmission was decalt
with in an earliler chapter).

Here follows an English translation of the next 25 fra ~-
mes, It should be noted that in the Portugucese and Spanish
originals the answer to each frame (and the text of the next
frame) always follow on the next page and not to the right
(and below) as they arc printed here, In the original, there
fore, the student cannot see the answer, nor the text of the
next frame without turning a page, and the text of the previous
frame is hidden as well.,

47, Conneot the projector and place the screen .
about 20 cm from the slit, If the projec- red
tion of the slit on the sreen is very wide orange
or irregular, adjust the lamp filament like yellow
you did bvefore, (Frames 3 and 4 if you do green
not remember), blue
Produce a spectrum on the screen with the violet

prism. Write down again the sequence of
colours of the spectrum, starting from the
red end, (6 colours)
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Now you shall do some experiments to find
oat how objects other "> blu x cn ' white
come to look coloured to the eye. In your
kit there are {ive pieces of fransparent
coloured plastic, which we call fillers.
Look in turn through eash of them at the
white light from the lamp or from a white
paper. The white light becomes colcured
when 1t passes through the
Write down the five colours you sce,

L

fllters

red
orange
green
pink
biue

]

49,

Place the greca filder in the path of itne

beam of white ligaw coming from the slit

W V)t twr £  r warn 3 e

Tt beccomes

of the projector. Vhar happens tc *uc green,
bean? {
]
..... - e od
“ e —
50. how r¢onl, whav happens with the spoeirum

when the filter is inser%ed in the white

beam of light. Insert ond remcve the

filter several times, Tor a circee com-

parisom, placce the filter so that ¢ co-

vers only b apper half of ‘the slig,
Chcose curefully the sen®c: o2 below which
best describes what you see
(a) The all the

the speclrum turn green,
(b) The filter lete only the green port

filtor makeg coilours of

of the speetrim through and removes

all the other colours.
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51,

According to your experiment, the white
light from the lamp becomes green when

it passes the green filter, because the
filter lets through and
removes .which together make

up the white light.

green

the other
colours

52,

Now place the filter betwecn the prism
and the screcen, so that the light first
passes the prism and then the filter,
Is the part of the spectrum the filter
lets through the samc now as it was
when the filter was placed between the
projector and the prism?

yes

53.

ithat do you think you should sec if you
looked through the green filter (putting
the filter closc to your eye) at the specc-
trum of all colours? Try to think out

the answer and then do the experiment to
find out, ‘/hat do you see?

The grecn
part of
the spec-
trum
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Now take up the red filter. Observing

54, removes:
the gpecti ™, you will find that the orange
filter removes the following components yellow
of white light and lets green
through . blue
violet
lets through;
red
554 Try the blue filter and find out what It lets
it does to the white light. (Be care- through
ful, does it let through blue only?) blue,
According to your cxperiment the blue violet and
filter doecs the following to the white green (a 1i}t
light: tle yellow).
It removes
red,
56, The mixture of colours which pass
through the blue filter (blue, violet,
green, a little yellow) looks pure
blue to the eye. The human cye docs
not seem to be a very good instrument
to distinguish the colours of the spee-
trum present in the light it receives, rcd
When you sec the orange light coming orange
through the orange filter, what co- yellcw
lours of the gpectrum docs your cye (a littlc
receive? (You have to do an experi- green)

ment to find out)
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Note that the orange light you sce
wh.n you look through the filter also
contains red and yellow, The orange
part of the speetrum, however, con -
tains only orange light,
But the eye does not notice the dif-
ference. What is the differcnce
clween the blue light the cye sces
(1) looking through the blue
filter
(2) looking at the blue strip
of the spectrum

(1) containc
also green
and violet

(2) contains
blue only

Tieght whinn contuins one colour of the
spaztrum only, ard which camot he decome
pesced inte other colours. is called
moncchromatic (Greck: -ono = one,
chromoes = eolour)

some of your filters let thirough monc-
chromatic light., Which ones? (Find oul

oo axperiment)

i

the red onc,
tne grecen
one

I3 the whil2 Tight you scc coming from

the "aap meaachrenatic?

no
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Now you shou’.d learn the scicentific
terms for what you have observed:

We say that a filter absci.bs the light
it removes, just as we have said that
a black objecect absorbs light.

We say that the filters transmit the
light they let through.

The red filter red light transmits
The grecn filter rcd light absorbs
The orange filter red light transmits

The equipment you have used to find
out which colours of the rpectrum
arc transmitted by the filters, is
an cxample of a spectroscope.

Yocu have been making spectral ana-
lrsis of light.

Make a specetral analysis of the
light transmitted by the pink fil-
ter in your kit, ‘

The pink light transmitted by the
pink filter is composed of:

a, red d, green

H 0o o P

b, orange ¢, blue
c yecllow £, violet
Is the pink light monochromatic? no
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62,

You can also make a spectral analysis
by looking at the spectrum through the
filters (placing the filters close to
your eye).

Some of the colours of the spectrum
are by the filters and

the others arc .
Disconnect the projecctor,

transmitted
absorbed

63,

One useful way of making spoctral
analysis is to look through the prism.
But only a prism is nov sufficient:
hold the prism close to your eye and
look through it at a white paper in
front of you, (Remcmber to hold it with
an cdge towards the eyc as before, so
as not to sce the reflccted image).
Docs the prism decompose the white
light which comes from the centrc of
the paper?

ne (only)
the margins
of the pa-
per become
coloured)

64,

Remember that to produce a speeitrum
with a lamp and a prism, you used a
narrow beam of light coming through a

glit., In the same way, you must now look

through the prism at white light coming
from a in order to scce colours,

slit
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4

Using the razor blade of the kit, cut
a slit in the picec of black cardboard,
The 8lit should be about 30 mm high
and 1 mn wide,

Conneet the projector and turn it over
on the side so that the lamp illumin -
ates a white papcer in front of it,
Place the slit over the papcer, like

in the figure, so that you clcarly scec
a strip of white papcer through it., Go

on to the noxt framo.
\ N

\

66,

Place the prism ovor tho slit, with a
polished surfacc down, so that tho up-
per cdge 1s parallcl to the slit.
Looking from above, how many imagcs do
you scco?

Is (arc) the image(s) formed by refrac-
tion or reflcetion?

two

rofrac-
tion
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67.

Obscrve one of thce imagcs and 1lift the

prism slowly up to onc of your eyecs. yes

May be you need to press the slit down

to avrid shadows, yes

Would it be correct to say that the ex- it is com

periment is a spcetral analysis? posed of

Does the cxperiment confirm what you all the

alrcaly know about the composition of colours

white light? of the

If so, what does it confirm? spectrm
(or equi-
valent)

68, The method to look a* a elit through

a prism is very uscful for analysing

light rceiflected from conlourcd sur-

fueces,

In the kit there arc 9 picces of

colourcd cardbcara.

Take the red crne and place the lower

half of the siit (cut in black card-

board) over the red, leaving the up-

per half over the wanite paper for a

compariscn, Make surc that the slit

g well Zlluminated. '

ook at the slit througk the prism ‘red

like before, (If ycu have difficult.-

ies, start with the prism placed on the other

top of the slit),. colours

The red surface re?lects the _ £ the

part of ‘he vhite light and absorbs spectrum

+

. < ———5 el W ———— e s = B\ s it

B e e v e v v ey b s
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69,

Try other picces of cardboard, always
using the white as a refercnce.

Observe which componcnts of white light
arc rcflected and which are absorbed by
the colourcd surfacecs.,

Which two colourcd cardbvoards (of very
different colour) refleet the most
monochromatic 1ight?

a rcd and
a grecn one

70,

A surface absorbs red, orange, ycllow,
blue and violet, Which. colour docs it
look like in white light?

grecn

L,

Prom the experiments we moy conclude
that a colourcd surface looks colourcd
when illuminated by white light because
the eye receives part of the spectrum
which is

reflected - transmitted - absorbed (cho-
ose one) ,

by the surfacec, The other parts of the
spectrum are

reflected - transmitted - absorbed (cho-
ose one) , '

by the surface,

reflectced

absorbed
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69.

Try other picccs of cardboard, always
using the white as a refercnce.

Observe which componcnts of white light
arc reflected and which are absorbed by
the coloured surfaces,

¥hich two colourcd cardbvoards (of very
different colour) reflcecet the most
monochromatic light?

a rcd and
a grecn one

70.

A surface absorbs red, orange, ycllow,
blue and violet, Which. colour docs it
look like in white light?

green

TLe

From the cxperiments we may conclude
that a colourcd surface looks colourcd
when illuminatcd by whitc light hccause
the eye receives part of fhe spectrum
which is

reflected - transmitted - absorbed (cho-
ose one) ‘

by the surfacec, The other parts of the
spectrum arc

reflected - transmitted - absorbed (cho-
ose one) , '

by the surface,

reflected

absorbed
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17, Somc notcs on the kits of incxpensive laboratory material

Experiments, performed by the students, make an integral
part of the "Physics of Light" text, The programmed instruc-
tion manuals represcent, in fact, the toxtbook and laboratory
guide fuscd into one. There arc scveral rcasons for cxperiment
ing with such an approach, It placcs the experiment (and obser
vatioﬁ) in its central position in the development of physics:
the only sourcc of information and thc only mcans of testing
theory and hypothesis,., Furthermore, we can thus take better
advantage of the experiment as a tcaching aid for concept for-
mation and make surc that the student undcerstands the signifi-
canoe of each step as he is performing the experiment, It also
beecomes possible to introducc short, qualitative cxperiments in
the miadle of a longer theorctical argument, In addition, teach
ing classcs utilizing only the blackboard and the copybook of
the student, a type of class abundant in underdeveloped arcas,

ire thus made impossible,

Instead of following purcely '"theorctical!" classes, at in-
tervals inteorrupted by intense experimental work, the students
will do oxperiments all along as they follow the text, This
1s also a conseguence forced upon us Ly the sclf-pacing of stu
dents following a programmed tcxt., All students do not arrive
at the same cxperiment at the same time.. This becomes an ad-
vantage from the voint of view of cquipment cost: we do not
necd a complute sct of cquipment for cvery student., However,
the cxperiments have to be designed so that they do not need
spacious and claboratc laboratorics, The student should be
able to perform most of them in a conventional classroom or in

his home, This requirement is a challenge to an opties coursc,
where usually darkness is required, Scveral features of the
kits of the "Physics of Light" coursc have been designed to
cnable work in an ordinary lit classroom with normal desk
Spacc, and all the cxperiments can be carricd out at home.

Even considering the importance of the cxperiments, it
might be considered a luxury to design a course where the stu
dent is c¢xperimenting almost ail the time. All the units of
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the "Physics of Light" have their kits, and there are few
chapters without experiments. This is in part due to the ex-
perimental and exploratory nature of the Pilot Project and
the need to investigate the npplication of programmed instruec
tion to purely experimental teaching, The future will show
whether this'”luxury" is economically feasible for un entire

physics course.

The cost of the equipment is crucial to the applicability

" of the course. The cost (including the assembly) of the first
version of the eight "Physics of Light" kits comes out very
high, approximately US § 30 for a set, This cost can be redu-
ced considerably, however, All the items bought commercially,
such as lenses, gléss prisms, plates and blocks, were bought at
a price quoted for 200 units, still a fairly small number for
obtaining a good price, Several ¢f the workshop-made items can
be further simplified and the techrique for their production
rerfected towards less waste of time and material, The design
of the equipment can in several cages be simplified, The PrO=-
Jector for light beams of kit number 2, Tor instance, is made
of aluminium with a variable slit width, and came out at a cost
rrice of § 2, Made with a blook of wood and cardboard, the cost
will become less than a fourth of this price, The brass pendu-
lum  of kit number 1 should be substituted by a stone, A great
part of the cost of kit number 2 comes from the prism and block
of ¢lass, price about § 2 together, If the two units are made
into one piece the cost is reduced by almost half.

Savings can also be made, if, instead of selling the
eight kits separately, they are sold a2s one kit., Much repe-
tition is thus avoided. Two ki ts, "Pinhole camera" and
"Photons", contain chemicals and equipment for developing of
photographic film, GSockets on wooden bases and straight fi-
lament lamps are part of many of the kits, Going one step
further, we may compose a "class" kit for say 30 students,
terxing into account the fact that all students are not using
the same material at the same time, Such a kit need only con
#4in a smaller number of the more ¢xpensive items or of the
items used only for a shorter time. 1In addition, some cxperi
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ments, such as the photometer or pinhole camera, may be car-
ried out by groups of students together, TFor the ripple tank
experiments one or two ripple tanlts mounted by the teacher may
gerve a whole class. ﬂ

How much the total investment cost of laboratory muatcrialfor
pach student in a class following the "Physics of Light" course

can be pressed down is still subject to investigation. It is
ouite probable that 1t may rcach % 5, which is about the samc as

the investiment cost for the programmed ingtruction texts,

Tt has from time to time been suggested that ingtcad of pro
viding a kit to the student, a list of matcrials which he could
himsclf buy or construct, should be given, This way of transfcr
ring the costs from, the school to the gtudent docs notl scem a sa~
tisfactory golution,furthermore, it is doubtful that it will im
ply any saving of time or money. Ccntralized large scale pro-
duction of material of uniform quality is undoubtedly to be
rreferred,



18, Description of the Pilot Project Kits.

In the following pages lists are given of the contents
of the eight kits developed and produced by the Project,

Following each 1list (except for the ripple tenk) there
is a detailed draving of the components of the respective
kit and also the cover of the box in which it is packed.

(1) Experiments and graphs (text: unit O)

hrass cylinder (for pendulum)
steel spiral spring

O S

support for weights

10 brass weights of 10 grams
ruler 30 cm

roll adhesive tape

roll paper strip

string 1,50 m
clothes-pin.,

I ST TS S
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S5ome properties of light (text: unit 1)

L2 0

[S XN

R T T = = T = = SUT Ve T S R R R

f 1 bt
o O o, O

—

light-beam projector with socket, leads and plug.
110 V 40 W lamp with straight filament

glags prism, 602-602-609, triangular surfaces un-
polished,

glass rectangular block, 2x3x3.5 cm3, one surface
unpolished

gemicircular plastic tank

paper sheets with printed 3602 divided circle
thick cardboard stage, 27x18x1,2 cm3

plastic filters 5x6 cm2, red, orange, green, blue,
pink, colourless

1802 plastic wemicircle scale

glass slides (microscope slides) 2.5x7.5 cm
P

2

mirror 4x4 cm
block of wood with groove to hold glass slides, one
side painted white

cardboard 'box ,
alcohol lamp: glaass hottle and wick with holder,
strips of coloured cerdboard 2x6,5 cm2

paraffin block, 3x2x0,5 cm3
black cardboard sheet 12x8 o
black cardboard sheet 20x60 om
white cardboard sheet 12x8 cm®
piece of grammophone record, about 4x7 cm
wooden ruler, 30 cm

roll nlack adhesive tape

sheets millimeter paper

sheets white paper 16x22 cm2

paper clips

pins

2

2

rubber strings

razor blade .
steel strip 2x1x0,05 cm3 (screwdriver for projector),



MATERIAIS

PROJETO PILOTO-KIT UNIDADE | (PP/ 1) - U,

{ PROJETOR DE FENDA l

'LAMPADA DE FILAMENTO RETO 40W
' PRISMA DE VIDRO 60°

]
- 2

—_— TIRAS DE PAPELAO 3
i g 4 |BLOCO DE VIDRO(2x3,5x 3¢m)
5 |CUBA SEMI-CIRCULAR,DE PLASTICO
6 | CIRCULOS GRADUADOS DE PAPEL
7 |PLACA DE CELOTEX (27x18x |,2cm)
8

FILTROS DE PLASTICO(45x65)

P __| 9 | TRANSFERIDOR

< __CARTAO | 10 | LAMINAS DE VIDRO (2,5x 7,5cm)

LAMPADA A _ ~< BLOCO DE PARAFINA ' "BRANCO| 11 | ESPELHO (3,7x 3,7cm)
ALCOOL - ’ ' ’ 12 | BLOCO DE HADE!RI_I_ 4 FACE BRANCA

I3 | CAIXA DE PAPELAO

14 | LAMPADA A ALCOOL

I8 | TIRAS DE PAPELAO (2x 6,5 em)

16 | BLOCO DE PARAFINA (05x2x3)

I7 | VISOR DE CARTOLINA (20x60)

i8 | CARTAO BRANCO (I2x8)

| CARTOLINA PRETA (12 8)

| PEDACO DE DISCO DE FONGGRAFO

REGUA DE MADEIRA 30cms

FITA ADESIVA PRETA

FOLMAS DE PAPEL MILIMETRADO

——-,  BLOCO_  PRISMA

s > DE.A

PLACADE .
CELOTEX

» *  BRANCO (16x22)
PROJETOR CLIPS
DE FENDA ALFINETES [
ELASTICOS

LAMINAS ‘CILLETE’

8
TRO SERRA METALICA

FILT
DE PLAS

TICO
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(3) Light and particles, (text: unit 2)

1 white folded cardboard 41x26 cm2

1 thick cardboird plate (celotex) 26x17x1 cm3
1 steel ball g 1.6 cm

2 wooden inclining planes with grooves

2 plastic balls @ 1.0 cm

1 wooden block 17xT7x2 cm3, one side irregular shape,
1 1802 plastic semicircle scale

1 ruler 30 cm

5 drawing pins

1 sheet of carbon paper 22x26 cm2

5 sheets white paper 22xl4 cm2

1 mpicce of chalk

4 paper clips

1  rubber string
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(4) Photometr;’. (text: unit 2)

1 aluminium housing for lamp, with slit helder
brass strip with openings 4,00, 3.00, 2,00, 1,00,
and 0.50 cm? |
sockets on wooden bases, leads and plugs

110 v, 60 W milkglass lamp

110 Vv, 40 W straight filament lamp

thin plastic rulers 50 cm )
paraffin blocks 6x3x1.5, same colour, good cast,
elcetrical branching plug

cardboard box with 1id, both 9x9x6 cm>

aluminium foil 10x6 cm2 ,
mounted 35 mm photographic slides: single slits 0.11
and 0.21 mm,

roll achesive tape

!

I N L L T T

ravor blade

millimeter paper

black cardboard shecet 25x50 cm2

thick cardboard c,linder, g 5 cm, length 9 cm

o e
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(5) Pinhole camera.

Instructions for this kit are not included in the "Physics
of Light" text és the experiments are optional and not all stu-
dents supposed to do them, The loop "Pinhole camera" shows the
experiments performed with this actual kit, and a plate showing
the photographic results 1is included in this booklet in the
chapter on our films, Working with a camera made of a cardboard
"tin" with lids on both ends and photographic emulsions, students
register the images formed through a geries of pinholes, With
decreasing pinhole diameters the resolution of the image impro
ves at first and then begins to detceriorate again, The kit
therefore serves to introduce the concept of diffraction. The
student may then takc pictures with the largest hole using a
lens and will obtain sharp images (one lens for short distance
and one for "infinity" are supplied). He will finally take a
picture with the largest hole covercd with a Fresnel zoneplate,
again giving a sharp imaege. This kit is based on an article by
Albert ¥V, Baez in the American Journal of Physics (1957), volu-
me 25, pages 636~638,

cardboard " ¥ 1" ¢ 10 cm, length 14 cm

lids

wooden support for camcra

wooden holder for mounted zlide

mounted 35 mm slide with toxt LUZ - OPTICA ~ FOTOGRAFIA
(object ) o
mounted slide with photographic pinholes ¢ 1,00, 0,60,
0.35, 0.15, 0,07 mm

mounted slide with Fresnel zone plate @ 3 mm

glass lenscs

socket on wooden base, lcads and plug

110 v, 100 W milkglass lamp

bag developer for film, sufficient for 1000 ml

bag hypo, sufficient for 750 ml

polyethene bottles for developer and hypo gsolutions,
200 ml

o e

N il e L N
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plastic trays 15x12x2 cm? (for developer and hypo )
plastic washing tray 20x16x3 cm3

roll of 35 mm film

roll adhcsive tape

black cardboard sheet
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Ripple tark (text: unit .3)

This rippl: tank was devcloped with the a&m of okbtaining
a model to be cheaper and casier to asscmble than previous
onnes, It is smaller, but ncverthecless serves to demons— -
trate reflection, refraction, diffraction, interfercnce,
ete, cleoerly and with good focus on the table or with.
ceiling projection, "Beaches" on the wooden frame, ¢p-
timized to climinate wave reflcction, cnable the use of
the whole frce surface of 25x20 cmz. The height‘bf'the
tank aborve the table is 35 cm and the overall height 90
cm, Tkere arc three wooden 40 cm legs, cach screwed to
the frime with two simple clamps enabling an adjustment
of heizht within 2 cm. The lamp and agitator are mounted
on the samc support: two wooden 66 cm sticks fastencd to
thé f:rame by the same clamps as the legs, The agitator,
drive?r by an off-balanee 1,5 V motor, can be changed from
plane waves to circular waves, from onc to two sources,
by a flick of the wrist, A 10 cm Tesistance wire is fur-
nishe¢d to. change the fregqucency, The tank is asscmbled
and zdjusted by one person within 5 minutes, and should,
apart from the motor and a few accssorics, be casy to
manui'scture by any wood workshop, A drawing of the asscm
bled tank is given on the ncxt page.



[
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(7) Diffraction and interferonce, (text: unit 3)

socket on woodcn base, lcads and plug

110 vV, 40W straight filament lamp

glass plate, high quality cast, 20x5x0,5 cm3
mounted 35 mm photographic slides (microfilm):

3 single slits 0,21, 0,11, and 0,07 mm width;

4 double slits, width and scparation 0,13 and 0.62,
0,06 and 0,28, 0.037 and 0,19, 0.013 and
0,065 mm respectively, ‘
1 statistical distribution of trianglos

o RN SR W

1 1lens focal distance 70 mm, @ 20 mm

1 finc mesh picece of cloth

2 plastic filters, red and bluc, 5x6 cm®

2 wooden supports, for lens and for pins

1 aluminium foil 6x6 cm®

1 rope, 5 m longth, 3 mm thick (clothes-line)
1 ruler 30 cm

2 clothecs-pins

2 pins.

1

black cardboard with slit
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Photons. (text: unit 4)

e

@©H NN

bar magnet, 10 cm
compass

battery 1.5 V
copper wire 15 cm
thick cardboard plate (celotex) with two sockets,
leads, plug and switch (connected to switch off and
on one of the sockets) mounted and fixed with a
screw on one of the inside walls of the kit box.
pendulum 25 cm

red safelight lamp 110 V, 15 W

clear lamp 110V, 5 W

polyethene bottles 200 ml

plastic measuring cup

plastic trays 15x12x2 cms (for developer aad fixer)
plastic washing tray 20x16x3 cm3

plastic filters 6x5,cm2: red, orange, blue (2),
green (2), pink (2).

protograph (3 pictures: original and two successive
enlargements)

photographic: papers, 9x12 cm2, high contrast,

bag developer E 72 for 1000 ml solution.

bag hypo for 750 ml solution.

paper clips,

drawing pin .

black cardboard sheet 10,5x7.5 cm2
white cardboard sheet 10x7 cm2 and 27x17 cm
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19, Objectives and brief description of the

- e )

short silent filme produced by

the Pilot Project.

Our film program followed the same outline as the rest of
the materials, as they are all part of the same course, Howe=-
ver, the wave model for light received less attention in ocur
series of short silent films, for two reasons: first, there
are quite a number of short silent films already avallable on
wave experiments in a ripple tank; and secondly, we produced a
half-hour film (with sound) on the single-slit diffraction of
water-waves, of sound, of microwaves and of light,

In the following paragraphs, the objectives of the short,
silent films produced by the Project will be briefly outlined,

(0) Coczk with mirror image.

This is a two minute film showing a cock in front of a
large vertical mirror. He is puzgzled by his image, becomes
uneasy and finally fights with it. An unexperienced viewer is
deceived at first, as the film begins with some close-ups that
do not allow the edges of the mirror to be seen, In later
shots the cock can be seen to be disconcertcd by the disap =~
pearance of "the other cock" as he goes past the edge of the
mirror., This is a motivational film to serve as an introduc-
tion to the study of images., It was planned, and used, as an
insert in our first television program; and is not included in
the series of eleven short silent films that have been distri-
buted by the Project,
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(1) Two experiments with images,

——

In the first experiment a tele-kaleidoscope ~consisting
of three mirrors and a lcnse - 1s used, Ixternal moving ob=-
jeots are viewed *hrough it, giving risc to interosting moving
pavterns showing -arious symmetries,

In the second experiment a cylindrical lense consisting of
a large transparent bottle filled with water is usecd., The bot-
tle is first held vertical and then rotated round a horizontal
axis. The image seen through it rotates by an angle equal to
twice that of the bottle.

This film is rather differcnt from the other ten films of
the series in that it is intended to be mainly motivational,
No details on the formation of images arc taught, but two ra-
ther unusual and interesting cases of image formation are shown
with the necessary visual description of the apparatus used,
The aim.ié to gtimulate the pupils to repeat the experiments,
do other experiments, and become interested in their explanation.

(2) Reflected light: glass in liquids.

This is a demonstration of how bits of broken glass,
clearly visibdle in air, become less visible in water, and in-
visivle in a liquid of the same refractive index as the glass.

The aim of the film is to show that the intensity of
light reflected at the boundary betwecn two transparent, co-
lourless media is higher when the difference between the re-
fractive indices 1s greater; and no light is reflected when
the indices are equal. An important connection between refle-
xion and refraction is thus illustrated,

This film can also be uscd to get the pupils interested
in investigating other factors that affeet the reflecctivity of
a boundary betwecn two transparcnt media, PFa:» instance the



angle of incidence,

(3) Rectilincar propagation,

This film is part of the study that lcads to the build-
ing up of the particlc model for light. Four experiments
are done on the formation of shadows., PFirst with light, and
then with three different types of particles: droplets of
paint in a spray~jet, aluminium atoms evaporated (and conden
sed) in vacuum, and elcctrons in a Crookecs' tube, The analg
gy 1s cmphasized by using a similar geometry in these four
experiments,

(4) Light and particles I,

The analogy between the reflexion of light and that of
moving particles is shown, thus rceinforcing the particle mo-
del for light., The experiments are done with a flat surfacc
and a parabolic surfaco,.

(5) Light and particles 1II.

L e . A e Al E——— e ———_—

The gcneral aim of this film is the same as that of the
previous one, using this time an c¢lliptic surface, One can
sec that a smell sphere thrown against the elliptic mirror
from onc of the feeci, goces through the other focus after be-
ing reflected, Similarly, a beam of light diverging from one
‘of the focli is saen to converge on t0 the othor focus after



reflexion.

(6) Pinhole camera,

The use of the pinhole cammera for image formation, both
visual and photographic, is shown. A sequence of pictures is
taken with different pinhole diametres. As the pinhole gets
smaller onz sees the pictures becoming sharper .,. but only
up to a certain point: the two smaller pinholes show considera
ble blurring due to diffraction,

One ¢ the aimg of the film 1s to shcw that light has
gome properties that rannot be interpretcd adequately with
the particle model, It can thus se ve as & motivation and in-
troducticn to the study of diffraction, althcugh in this film
no attempt has been nade to go beyond showing the existence of
the effect and jHe fact that i+t is all the more notorious the
smaller the gpfrture. It can also be used to 1llustrate the
concept of "resolution" of an image and "resolving power'" of
an opticai instrument, Finally, it may stimulate the pupils
to take photographs with such a simple device,

(7) Pulses,
b

——r— wo

Various unidimensional puleses (disturbrnces) are shown,
in order to illustrate ﬂﬁb" fundamental property cof being
able to transport energy'to relatively large dict —~cegs w.ile
the various parts of e medinm perform only swall dispiace -
ments aout their equilibrium position., Iengitudin- !, trang-

\

verse and torsional pulses are illusiratbed,

Ihig T£ilm should help ih=2 pupils learn that energy can be
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transmitted from a point A to a point B without any matter
being transported from A to B, It contributes to the idea
that even if light is known to carry energy it need not consist
of a stream of particles; thus .providing the first stage in

the investigation of the wave model for light,

(8) Infrared radiation,

This film shows that the invisible heat radiation (com=~
ing from & hot solder-iron and detected with a Philips 61 SV)
has several properties in common with light., The examples il
lustrated are: heat radiation propagates in a straight line,
it is absorbed differently by different materials, it can be
reflected, and it can be focused with a lens ,

One of the aims of the film is thus to show that the spec
trum of radiation is not restricted to visible light.

(9) Light, X rays, gamma rays.,

This film is another attempt to present to the pupils
other types of radiation., Threec experiments are done which
show the following properties of light, X rays and gamma rays:
rectilinear propagation, aborption, and the ability to blacken
a photographic film., Some of the differcences between these

. radiations are also illustrated. '
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(10)  Photoelectric cffect,

Four :=xperiments are done, using charged electroscopes
and a source of vliraviolet light, to illustrate the pho -
toelectri¢ effect; and specifically to show that the electric
charges expelled by the light are the negative ones.

The cxperiment is only qualitative, and it does not in-
tend to prove the exisvence of photons, It can be used never
theless a: an infroduction to an elementary study of the quan
tum theor, of 1light. '

i

.

(11) Ligsv anc electron:

v
pl

!

9

Thie is & z »7 fonr experiments showing electric ef -
fects proiu~ed by 2igh® (including invisible light) : the pho
toelectriz effect, phttczconductivity, paotovoltaic effect, and
optical = vitch, The devices used in the last three experiments
are: P lips CRP 290, Philips OrP 12, Genoral Electric GE L7U.
These exyperiment:z 1llustrate how light can expel electrons
from a metal, can cuntrel the flow of electrons in a s0lid and
can give rise (0 an e.ectric -s/oltage; thus guggesting an elec-~-

tric natire of¢light,

20, The role of the teachers guide to the films,

- s - e x e - T Tu

Por egecn =1 the eleven short silent films produced and
distribu'eq_by “he Pilot Project, a Teachers Gujde has been
preparcd, It was f21% that cuch a Guide would be all ‘ze more
‘necessar; in the cace of shoWt silent films,

Eac)i Guide heging wit a statement cf the objectives of
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the film, and a brief description of its contents. Seven of
the eleven Guides also have a plate with photographs taken out
of the films, Whenever it was felt necessary, technical data
on how the experiments were done or how they could be repeated
have been given, Also suggestions on the posgible ways of us-~
ing the film have been given, including hints as to where the
projection could be interrupted for as ing questions, and ideas
on work to be done before or after projecting the film.

Some of the Guides elaborate more in detail on what might
be called "the idea behin” the film". For instance, the Guide
to film n? 2 (Reflected light: glass in liquids) suggests that
the tcacher might insist on the fact that, while the direction
of the light reflected back into the liquid does no™ depend on
the refractiye indices, the amount of light reflected doeg de-
pend on them. It also suggests that the pupils should learn
early that the study of the reflexicn of light does not end
when they know that "the angle of reflexion is equal to the an
gle of incidence", (Even this is not generally true if the
first medium is birefringent. )

It was also considered .f Interest to include in some
cases information of a higher level for the benefit of the
teacher., TFor instance: in the Guide for £ilm n? 2, the
Fresnel formulae (and the graphs) which give the intcnsity of
light reflected and refracted at the boundary between two trans
Parent media for light polarized parallel and perpendicular to
the planc of incidence; in the one for film n? 3, some infor-
mation on vacuum, number of molccules per cm3, mcan free path,
etc; in n? 6, some information on diffraction, an approximate
calculation of the optimum pinhoie diamcter, some indications
on the properties and uses of Fresnel zone-plates (and a print
of a photograph obtained with a Fresnel one~plate); in n¢ 11,
circuits for threce of the experiments; cte, etc,
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The following seven pages are plates which show photo-
graphs taken out of seven of the films: (3) Rectilinear
propagation; (4) Light and particles I; (5) Light and par
ticles II; (6) Pinhole camera; (8) Infrared radiation;

(9) Light, X-rays, gamma rays; (10) Photoelectric effect,

2l. Use of the short silent {ilms in schools,

The use of these films under clasgs~room conditions can
be very flexible indeced, It depends first on the objectives
of the film, and then also on how the teacher wishes to attain
them,

One can have a film that seryes as an introduction to
a new chapter; or as a motivation, Our films n? O and 1
are examples of such motivational films, designed to genera
te interest in the study of images.

There are thogse films which require prepératory.work
with the ‘students as well as a discussion at the end, They
may even be interrupted for questioning or for further ana -
lysis between viewing its various parts, Most of our short
films belong to this oategory.

The learning value of many of the short silent films
can be increased by viewing them twice consecutively. This
is particularly simple if the film 1s in the form of loop,
It may be interesting to encourage the pupils to make come
ments or ask questions during the second viewing.,

. There are then those short films which serve as a summary.
or as a synthesis. Some of our films might be uscd in this way,

Another interesting use of the short silent film is in
the building up of a concept, If the learning of a concept
implies generalization within a class and discrimination
between classes, then g film that attempts to form a concept
mugt give examples and counter-examples, Ouxr film ne 7
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-

belongs to this category.

There is also the film that can be used to encourage pu-
pils to do an experiment, May be these films should be care=-
ful not to show all the results, so that the pupil will not
have the sense of discovery taken away from him. In any case,
films should not replace the experiments do be done by the pu-~
pii; they should cncourage him to do more,

An additional advantage of the short silent film, partl -
cularly if it is projected as an 8 mm loop, is that a film li-
brary can be set up for tha pupils to use by themselves in the
same way as they use books,

A

22, Format of the short silent films: 16 mm or 8 mm ?

»

The answer to this question depends mainly on the size of
the audience, - For a small class, and particularly for a group
of pupils working by themselves, 8 mm is satisfactory, Ilarger
audicnces require 16 mm projection,

We have found, when using 8 mm short silent films, that
to have them packed in cartridges for projection in loop form
is a most convenicnt way of handling them., It has many well
known advantages. So much so, that we have beccome accustomed
to calling the short silent films by the name of loops.

The use of the 8 :11 loop projector for educational purpo-
ses has in fact roused great intcrest in all of us working at
the Pilot Project, as well as in most people who have had the
opportunity to use the loop projectors which we had with us or
to sece them being uscd, Unfortunately we have found that loops
gometimes get stuck and a frame or two get burnt, The damaged
loop can be repaired, but sometimes this can be more difficult
than repairing a film for conventional projection, It is the-
refore lndispensable that the performance of the existing loop
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projectors and of the corresponding cartridges be improved if
their use is to become more widespread,

In any case, it will take some time until these loop pro
jectors are in general use,, And this is particularly true of
the less developed countries, which are precisely the countri
es where films are most urgently needed due to shortage of
teachers, unqualified teachers, shortage of funds for extensi
ve use of laboratories, ete,

Therefore, the films of the Pilot Project, which were
shot on 16 mm, have been made available in.the three follow-
ing forms so that they may also be used in conventional projec
tors already available in many schools: 8 mm loops in automatic
cartridges, 8 mm prints in conventional reels, 16 mm prints in
conventional reels.

In any case, we feel that the major breakthrough that is
taking place in the use of films for science teaching is not
the use of a certain type of projector, or a certain type of
format, but the generalization and intensification of the use
of short silent films: they are a valuable tool in the hands,
of the teacher, and they help him to become a better teacher.

23, The half-hour sound film produced by the Project.

The film begins with a short motivational incident in
which Sivia and Hector, the two students that appecr in the
film, apﬁroach a corner riding their bicycles along two inter -
gecting,streets. They do not see each ¢'er in time, and they
collide, The =scene 1s then repeated but this time Hector
sounds the hofn of his bicycle, Silvia hears this, before see
ing him, and avoids the collision. So, sound can bend round
the corner, says the narrator, And how about light ,.. does
it? In order to investigate this they go to the physics la-~
boratory.
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Most «f the film is then devoted to showing a teacher and
these two ¢ tudents investigating together the diffraction of
anES.'bThey do single-slit diffraction experiments, first with
waves on the surface of‘water (ripple tank), then with sound
waves and radio waves, and finally with light, They investigate
the effect that the width of the slit and the wavelength have on
the diffraction phenomena. The students discover in tiiis way
that light shows the same diffraction e fects as the water waves,
sound wave:: and radio waves, This is another step in the building
up of the viave model for light. ‘

The f:.lm attempts to contribute towards the formation of
the concept of wave:a wave 1is neither wet, nor noisy, nor lu -
minous, etec. It is something abstract; is has several properti
es, Giffraction being one of them. The film suggests that one
can test i:” "something" is a wave by trying out diffraction ex-
veriments. This 1s a rather important point for the student to
remember when ht comes later to electron diffraction and neutron
diffraction.

inother important objective of the film is to show how a
teacher can lead nis students to investigatc a problem, and how
he can easwer some of thelr guestions by suggesting ~xXperiments
to be done by the studenis themselves, TFor instance, in the rip
ple tank exzper.ments. Hector investigates the effect of changing
the wicth »f Fhe slit, after 'hich Silvia investigates the ef-
fect of changing the wavelength the two variables are analyzed
separately. Thg studenls have an active participation in the

experiments throughou’s the fi.m,

The film gi%es information, but 1s also tries to show how
this information s acqui 2d, It tries to build up an active
teacher-student relationship in which the elements ol scientifie
discussion anc scientific inference have bcen introduced.

A couple of <ztamples, qunted from the script of this film,
may serve to illustrate some of the points mentioned abcove.
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161,

162,

163,

164,

At ter they completed the cxporiment with the radio

the tcacher says:

Silvia and Hector
| ]
listening

Silvia and
the labo-

Teacher,
Hector; in
ratory.

Teacher listening

Heector listening

Teacher drawing on
the blackboard,

TEACHER:
fract; in the same way that sound

So, radio waves also dif

waves do, as well as the waves on

the surface of watcr.

TEACHER:
on we asked

the questi-
at the

But what was
gwlrSGlVGS
beginning?

a wave”?

SILVIA: Is light also

TEACHER: And ... ? How

ing to decide 1t?

are we go-

HECTOR: Ve'd have to sce if it dii
fracts,

SILVIA:
light travels in a straight linec.

But we already know that

HCCTOR: And the bicycles collided
because light did not bend round
the corner, it did not diffract,

TEACHER:
didn't...

It scems as if it

.. But it may have diffracted
just a little, very little,
be gomething like this.

May
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179,

180.

181,

66.

Silvia ,and Hector, TCACHER: And supposing the wave-

listening lengh of 1i *h were very small,...
how could we try to see if it dif-
fracts ?

Silvia talking to the SILVIA: May be with a very small
teacher, With two fin- opening ... like this,

gers she indicates a

narrow opening

Silvia suggested a very small opening  cause she re-
membered that for the three previous experiments they had to
have openings of different widths, ac:crding to the wavelen-
gth used, and because they had learmed from the rippie tank
experiments that the diffraction is hardly noticeable if the
glit-width is large compared to the wavelcngth,

They proceed to do the single-slit experiment and they
see, first Silvia then Hector, that as the slit becomes nar-
rower the coloured bands become wider. OCne sces on the
screen what they see as they vary the width of the slit (th:e
film is shot, however, in black and white), Then:

Hector nods, TEACHER: Then, light seems to dif--
fract in the same way as the other
ves do?

Cloge-up of the ripple TEACHER: Thno same applies to light
tank screen., S1it clo  ac to water, As we ¢ ose the slitd,
ges gradually, there is more diffraction.

Tercher pointing at the TEACHER: So, thken, ... is this
single-filament lamp light a wave ¢
used in the experiment,
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183.

184,

185,

186,

.The words

Teacher, Silvia,

Hector,

Teacher covering the
slit with glass fil-
ters,

Teacher places slit
in position,

Diffraction bands
(what Hector sees);
top ones are wider,
lower ones narrower.

Teacher showing a pho

tograph of what Hector
saw in previous scene,

'red!' and
'blue’
appropriate places;
and he points as he

talks,

appear in the

67,

HECTOR: Well ...
there is diffraction .., but, what
do those colours have to do with
all thig?

it seems so ...

TEACHER: I shall
question with an experiment., Look,
I'm going to cover the upper half
of the slit with this red glass, .
and the lower half with this blue
&lass,

answer your

TEACHER:
like this,
light.

Let's leave the slit
Watch the diffracted

HECTOR:
above,

Oh ... the red light...
diffracts more that the

blue one ... below,

TEACHER: Well, now that light
secms to behave like a wave, what
colour do you think has the lon-
ger waveclength? The red ... which
diffracted more? Or the blue ..,
which diffracted less?

Then follows a brief recapitulation of what has been

learnt throughout the film,
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24, Interaction between the physicists and the film

specialists,

At the Pilot Project we have had the opportunity to try out
three different schemes for the film production. £ the twelve
short films, three were done in collaboration with Prof. Edward
MeCoy and his staff at the Audio-Visual Center of the University
of Sao Paulo, three were done in collaboration with a commercial
film-producer; and six were done with Mr. Peter Robinson, one of
our film consultants who came from New York to spend nine weeks
with us, (Detailed credit is given in the Looklet containing
the Teachers Guides to all the persons who participated in the
various aspects of the work)., The half-hour sound film was pro-
duced at the above mentioned Audio-Visual Center, It would be
unreasonable to suggest which of these three schemes should be
prefered, It depends on local circumstances.

We learned a very important lesson during our film work,
and this applies even more strongly to our half-hour film on dif
fraction, It is‘the following: a subject-matter specialist, in
this case a physicist, who may or may not be the originator of
the idea contained in the film, should not only have ample oppor
tunity to criticize and to participate in the various subsequent
stages of the work: script-writing, visual details, sheooting,
editing; he should also be taking decisions at various important
stages of the work, Only :f the film professionals hapyen to be
very well acquainted with the subject of tlhe film and with the
approach to be given to the presentation of the matcrial, can
this rule be relaxed, Of course, this rule implies that the sud
ject-matter specialist knows the essentials of film production,
has a keen interest in the work, and is capable of showing the
pétience and tolerance that is always requircd for people with
different backgrounds to work as a team,
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25, Some notes on the television programs propared

by the Projeot,

- ——

The cight television programs prcpared by the Project are
also part of the course on the "Physics of Light", Tach of the
four units of the course has two programs, of 30 minutes each,
and the structure of these programs is intimatcly connected with
the general plan of the course, as one of the fundamental objecti
ves of the Project was to experiment with the integrated use of

several media,

The students verform individually their cxperiments with
their kits as they woxk through their texts, If they have a pro-~
jector and the films, and if a teacher is available for introduc-
ing the subjects, for conducting dicsussions and for giving them
a morc gencral vicw of the ficld, all the better. But, if the
films and the tcacher are not available? Television can then be,
of some help., The vrograms can rcach a large number of students.
And if the programs arc good, thcy can constitute model classes
(of a somewhat rcstricted scope, however, as the students follow
the program rather passively).

But teclcvision was used not only because it makes it possi -
ble to recach a larger audicncc; also tecause the characteristics
of this medium are such that a dnamic prescntation of the sub ..
ject can be mede, and the viewer can be guided to concentrate his
attontion on the points one wishes to stress,

The tcacher that appears on screen (Mr. Manocl Jorge, one of
the participants of the Project) performs some "live" experiments;
and shows other cxperiments by mcans of films, most of them pro-
duced by the Projeet. The teacher gives continuity to all this
cxperimental and visual material, and provides the nccessary oxe-
planations, questions and discussion,

In all these programs, short silont films were uscd as in-
scrts, They were projected in two differont ways, Some films
were projected on a screcen by the tcacher himself utilizing the
Technicolor 800 projector with the films in the form of 8 mm
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loops in automatic cartridecs, The image on the screen was then
.picked up by the television camera, Other films were projected
dircetly from the projcection room of _the tclevision station vti-
lizing 16 mm prints.

The sccond proccdure gave us imeges of better quality; but
the former (loovhs projected by the teacher himsclf) has great
advantages: it allows for morc flexibility in the use of the ,
film, and it allows the teacher to point out things on the screcn,

Considering the cxperimental nature of the Pilot Project,
it was not considercd advisable to aim for a uniform structure
to the cight programs. PFor instance:

Program 1 has a rathor motivational character, as an in-
troduction to the coursc; and some concessions to the gencral
public have becn made in it.

Program 2 wuses a film that has its soundtrack in English,
It was projected without the sound, and the teachor narrated it
as he watched it on the studio monitor. This i1s an intcresting
procedure, if onc considers the cost of producing a translat ad
film, Of coursc, the tcacher‘'s narration, whether a Sranslation
or adaptation, was not improviscd: it is part of the scripth

Programs 3, 5 and 6 contribute to the building up of
the particle model (3) and the wave model (5 and 6) for light.
In thelr work with the kits and the text (units 2 and 3) the
students go through this process very gradually and in great
detail, These tclevision programs constitute synthesis that
will give the studeonts a broader view,

Program 4 prescnts, through a serics of experiments, onec
of the difficultics inhercnt to the particle model for light;
and suggcsts the need to study waves, In this way it contribu-~
tes to making the studcents understand why a model is abandoned
and how the scarch is starte’ for a more adecquate one, one that .
can interpret mo. e satisfactorily the results of the cxperiments,

In program 7 it was intcnded to cxperiment with the dia
logued foim: the tecacher discusscs the subjoct with a younger
collcague, And program 8 includcs at the cend a brief discussion
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on the role that 'models’ play in Physies,

The programs were broadcast in Sao Paulo on Channel 4,
in July 1964, during the Regional Latin-American Seminar on
New Methods and Techniques in Physics Teaching, The programs
were seen by the 60 physics teachers that took part in this
Seminar and by a pilot group of 30 High School students who
followed in July the"Physics of Light" course, Obviously,
the programs were also seen by a good fraction of the general
publie, though no survey of this could be made,

26, Brief description of the television programs,

(1) Images

The objectives of this program are mainly motivational.
As an introduction to the subject of image formation, our
short film on the cock with his mirror image is used. Howe -
ver, the cock is not the only one to be deceived by a mirror
image: ‘the ceacher is seen to continue his class, but soon
the television camera moves back and it becomes apparent that
what was being seen was the teacher's image in a lsrge mirror,
Two rather interesting experiments with images follow next,
First, images formed with a t~le-kaleidoscope are seen, and
the construction of this apparatus is shown; and then, images
produced by a large transparent bottle filled with water are
seen, For these two experiments, our film number 1, "Two ax~-
periments with images", was used, The program ends with an
éxperiment in which some pieces of broken glass become comple-
tely invisible when they are immersed in a liquid .... This ex
periment will be carried out in detail, and explained, it is
said, in the next program,
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(2) Some properties of light.

This program makes use in the first place of the film
"How to bend light" (Fnecyclopedia Britannica Films) of about
10 minutes duration, The narration in Portuguese was made by
the teacher himself from the studio, This film shows various
properties of light, among them: rectilinear propagation, re~
flexion, refraction., Then follows the experiment of the 'in~
visible glass!'! which was introduced at the cnd of the previous
program, Our film number 2, "Reflected light: glass in 11
quids", is used; and live experiments,

(3) Light and particles,

This program shows several cexperiments which point out
some of the analogies between the behaviour of light and that
of moving particles, particularly rectilinear propagation and
reflexion, thus leading to the particle model for light. Two
of our short films are used: number 3, "Rectilinear propaga =
tion", and nuwnber 4, "Light and Particles, 1",

(4) Photographing without a lens .

The program begins with a rcvie'r of the particle model for
light, using this time our film number 5, '"Light and particles
II", Then follows a serics of cxperiments in which the rectili .
near propagation of light is tested by means of a pinhole ocumera.
Here our film number 6, "Pinhole camera", is used., The blurring
of the images obtaincd with the smsller pinholes cannot be ex~
plained with the particle model, and it is suggested to take
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up the study of waves, The film "Focusing waves on water by dif-
fraction", produccd by the Audio-~Visual Center of the Ministry of
Eduoation of Vonezuola, was also usod.

(5) Waves,

To begin with, a bricf study of the propagation of pulses
and waves in ropes and springs is made, and then of waves in
water (ripple tank), Analogies arc found between the behaviour
of light and that of waves, and in this way & first step is made
towards the building up of the wave model for light. In this pro
gram we used our film numbor 7, "Pulscs", as well as parts from
geveral of the ripple tank films producoed by Kducational Serviges
Ino,

(6) Is light a wave ?

This program was tho half-hour film produced by the Projcct.
A description of it will be found in Chapter 23 of this booklet.

(7) Beyond the visible,

The aim of this program is to show that thc gpectrum of ra
diation oxtends on both sides of the visible spectrum, First, ‘
experiments with the invisible heat radiation coming from a hot
gsolder-iron aro shown: this infrarcd radiation can be reflected
and rcfracted in the same way as light., Thoen, a fluorcscence CX-
periment .shows the cxistence of ultraviolet radiation. The spec-
trum is then cxtended beyond the ultraviolet by showing somc of
the propertics of X-rays and gamma rays, For those exporiments
that were not done live, our films number 8, "Infrared radiation",
and numbor 9, "Light, X-rays, gamma rays", were used,
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(8) Electromagnetic nature of light. - Photons,

There is first a reference to the previous program, in
which a large part of the clectromagnetic spectrum was explo
red, Then, in relation to the functionning of television ca-
meras, the photoelectric effeet is demonstrated. Several cxpe
riments are donc in which ultraviolet light expels clectrons
from a metallic surface. Then experimonts arc donce in which
vigible light and infrarcd radiation also producc clcectric ef-
feets, In this way, the clectric nature of light is cstablis~-
hed, There is then a discussion of the photoeclectric cffect
lcading towards the idca that there is something. discontinuous
in the nature of light, thus introducing photons, Finally, a
bricef discussion is prescented on 'modcls' in Physics, In this
program our films number 10, "Photoclectric effecct", and numn-
ber 11, "Light and clectrons", have been used,

27. Testing of thce "Physics of “ight" coursc with

students.

Testing of the programmed instruction text together with
the kits was part of the development of the text and kits, the
results of each test forming the basis for revisions, Students
froq three differcent Sao Paulo schools were used for these
tests, which were primarily aimed at locating frames or frame
sequences which werce too difficult for the students to answer
correctly, or so casy that the students regarded them as dull
or obvious., Some chaptcrs were totally rewritten after the
fir:t tests, in (thers new frames were inserted or frames were
rcmoved,

The first test to investigate how the students lcarn from
~ the program was carried out on a class of 30 studcents during
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the month of July, a test which formcd part of the activities
of the Riglional Seminar. The students werce voluntcers, selec
tcd from the first yecar of the scientific line of the "colégio",
that is the ninth yo  of school, They had studied little
physics and no optics before. Thoy came from classes of the
Colégio de Aplicagao da Faculdade de Filosofia which is a re
presentative Sao Paulo state school,

The students werc fir t subjectcd to two intelligence
tests, the "SEPEP" vhich is a dominantly verbal test of govern
mental use and the "Teste de dominocs D-48" ~"ich mcasures

"abstract-spacial"reasoning.

The distribution of the test results, cxpressed as '"men
tal level" (a T-scalc with mcan of 50 and standard deviation
of 10) is illustrated in the histogram of diagram 1., It .is
seen that we werc luc 7 to obtain a fairly normal distribyti
on with a fow brilliant students as well as a few of very low

level.,

Before starting with cach of the units O, 1 and 2, the,
parts of the coursc which were tested, a prc—test was given,
The students then worked on their -~wn with texts and kits (sg
perviscd by tcachers) Mondays to Friders 14,30 to 17.30 hours
with a 20 minute coffec break, They also viewed the televi-
sion programs twicc a weck. After having taken the respecti-
ve units, the students were given a post-test (which 'ras the
same as the pre-test)., The cerror-rates for cach frame and
for cach student were recorded and also the total time cach
student nceded to complcte cach unit. The result of the test
of unit O was somewhat anmbiguous, as ° was found that many
students alrcady knew what was taught in that unit(pr0portiong
lity, how to make graphical represcntation, and, other mathoma
Eical prerequisi - Lor the rest of the ccurse), The error-
rates of this uni ™ were also tco high, Table I shows the per-
centages of frames within certain ranges of crror-rates for
unit 0, 1 and 2. i

The results of the tests of unitv 1 and 2 are presented -in
Table II. The students are ovdercd with decrea~ing mental
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level from top to bottom in the first column, The second (and
sixth) cciumn gives percentage errors (average for the Whole
unit), and in the third (and severnth) column the time taken by
the s%udent to complete the unit is recorded, 1In the Tourth
end fifth (eighth and ninth respectively) columns are repre -
sented the results of the pre- and the post-tests, expressed
in percent of the totzsl score obtainable,

The number of students is rather small, and we cannot be
sure that the sample is representative. The fact that the:
same test was gi~en as pre- and post-test is not very satisfac
tory, The eontrol over the work of the students was not com -
plete it is seen that several d1d not complete the three unibs,
Neither was there rpresent a control group taught by conventio-
nal methods. The intense work of three hours every day does
not repres-mt classroom conditions either. Nor was retention
investigated, L

More care’ul evaluation work will take place during the
Jcoming year, =and has in fact already started in Brazils

‘ In spite of the esbove shortcomings, we think that some
tentative conclusions can already be drawn, Looxing first at
Table I e see that the error-rates of units 1 and 2 are not
erxcessive, only aboﬁt 10 % of the frames have error-raféé“above
10 %, In some cases the error-rates are high: these frames
need revisioti in the next version of the program,

From Table II we see that the error-rates of the students
and the time they needed to complete the program are almost
1ndependunt of their mental level, Alse the scores of the
tests seem surpr singly uncorrelated with intelligence. This
is an interesting coneclusion, which, if substantiated by fur-
ther sts, would indicate thet programs of this type can e
\uéed’uo achieve a uniform level of knowledge even 1n a non-unl
form student material.

The time sp@nt by different students on the sanme progrém
does not show, too much dispersion, although the fastest student
finighed unit 1 in half the time taken by the slowest one,

The work of unit 2 was more uniform, the fastest student spent
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7.5 hours, the slowest 11 hours, The vireat  ¢ispersion of
unit 1 is possibly duc to that unit containing more <xperi-
ments, which some students do very much faster than others.

The average number of frames done by the average student
varics between the two wnits: in unit 1 the students make
about 30 frames per hour, in unit 2 the average is above 40,
This is most certainly due to the high cxperimental content
of unit 1,

Comparing the scores of the pre- and post- tests shows a
spectacular incrceasce in the knowledge of the students as measu
recd by the tests. As the test questions chosen are directly
related to the terminal behaviour Trames and hence to the sta-
ted dbjgctives, it seems as if the program has ¢ :cccded in
tecaching the objectives the programmers sct out to teach,

If some subjective obscrvations may be added, it should
be reported that the s lonté worked happily and with great
absorption and interest, It was very difficult to make them
take coffce-breaks. The frnet that 7 of them dropped out dur-
ing the third wcek is not cxcessive considering that the course
was taking place during fhcir 4 weceks of winter holidays. The
tecachers of the students are reporting a.strong intcrdst of
their studonts in continuing with the following units of the
course, and in some classcs this is taking placce., Other tca-~
chars arc borrcowing kits for the students to 9¢ as models to
assemble morc kits of their cwn. Most pr mising ace perhaps
the reports of some tecachers that siudents whe have followed
'thq "Physics of Light" coursc a.¢c ncw.showing more intecrest,
'in&tiativo and ability for rcasoning than before the course,
One tcacher said: "They do not accept-xegohing without experi
mcnts now', It must‘be the aim of further investigation to
séé whether any such dbjoctives can indecd be accomplished by
programmecd instruction in geneyal or, in particular, the pro-
gram "Physig¢s of Light', . .
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Diagram 1,

Mental lovol of 30 students
completing unit 1,
number of
studenfs
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Table I

Distribution of framcs according to crror-rates,

L]

Error-ratec Unit " nit 1 "Unit 2
interval, %
T t  Eme—
&= 2 18 48 67
3-8 17 21 16
6 - 8 18 12 5
9 - 11 T2 9 4
o - 14 6 4 4,
15 - 17 10 1 0.5
18 - 20 6 0,5 0.5
above 21 12 ' 4.5 3

The high c¢rror-rates of unit O show that rcovision and
further testing is ncecessary. (This unit has been tested and.
revised less ‘“imes than units 1 and 2).
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Table II. Units 1 and 2,

Total error-rate, and time for each student to com-
plete the units. Results of pre- and post-test,

Unit 1 Unit 2
Student | evvor | *time | pre |post cerror| time pro | post
mental J.el“i 9% hogr(' ' 1 % hours
69 3 13,5 9 g5 | 0 8 0 100
66 3 13,5 5 84 2 8 0 94
62 0 13.9 7 84 X R 13 &1
62 7 17 0 90 - - - -
59 1 15 9 95 el 9 0 48
59 ) 18 7 90 3 11 0 100
57 3 15 . 92 3 11 0 100G
57 4 12,5 25 95 4 8 19 100
56 7 15 9 38 - - - .
56 6 13.5 7 70 2 TeH 0 31
55 2 16 0 90 3 8 0 75
53 8 13 7 84 6 T 0 94
53 '3 13.5 2 36 5 8 0 5
RO 2 15 0 64 2 11 13 56
52 5 18 5 66 5 1l 0 44
52 6 15 L1 84 4 8 0 -
50 1 15 9 90 - - - -
Hu 3 19.5 5 59 - - - -
5Q 3 16 1 $8 6 8 6 61
49 3 18 - ) 2 11 0 100
48 7 17,5 0 95 4 11 0 5
48 8 15,5 7 88 T 9 0 100
47 5 16 2 88 4 9 6 43
46 1 15 14 88 4 10 6 -
16 2 14 5 72 1 9 0 75
' 45 1 16 0 64 - - - -
41 1 14 0 70 - - - -
38 1 25 2 | @8 - - - -
38 3 15 9 84 2 9 0 63
3 s 19 0 68 2 20 6 94
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