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NETWORKS, PHYSICS EDUCATION AND DEVELOPMENT

] Paper presented by E.W. HAMBURGER at the Congresso
'Inter—Amerlcano de Ensenanza de Fisica.
Oaxtepec, Mexico, July 1987.

Como ndo falo bém. o eépaﬁhol,'eu pretendia falar
hoje em "portinhol"™; entretanto verifiquei que isto
traria dificuldades para a tradqgig simultanea. Vou
entdo falar em inglés, mas as transparéncias. sdo em
portugués. ' '

- I- INTRODBCTION:

',_The- theme which was proposed to me is very
general. Education is a subject which depends very much
. on the specific situation in each country. At this
conference T was again struck by the great lack of
infprmation which most of us have about even the
simplest aspects of school systems and education in

other countries. I certainiy do not have enough
knowledge to say much about education in other
: cquntries. ’

' _ The. role of conferences such as this one is to get
to Know: people In  other countries whe work on physics

'i educat;on problems . and to know what they are thinking

-an&? aing,. Contact after the conference is difficult to
] malntaln in ..a- regular fashion, and I am somewhat
i_sceptlcal about -the- establlshment of permanent networks
in: between conferences. However the reports of the
worklng groups this morning show an enthu51asm which
" may prove me unduly pessimistic,

] ; "hlnklng about what to say to you, it seemed that
'-:the best. I could do was to tell you a little of our own
work at the. Unlver31dade de Sao Paulo, as a sort of
“"casze study" of the development of activities in
physics education in onhe institution - you can call it
a.local network. Perhaps in examining the history of

2.
this group, we can learn from our mistakes and from

what we did right {ref. 1).

2. The "Teaching Group" at the Instituto de Fisica da -
Universidade de Sdc Paulo. '

Figure 1 shows a block diagram of the working of
the "teaching group" of the Instituto de Fisica, and
table 7 gives some of the pertinent numbers. The
Instituto de Fisica has about 180 Ffaculty and teaches
undergraduate physics courses {please ncte that in
portuguese these are called "de graduagao", while
graduate is "de pds-graduagdo") to students of
engineering, chemistry, mathematics, biology, physics
(a degree for work in research and industry and another
degree for secondary school teaching). The physics
teaching degree is taught jointly by the "Instituto de
Fisica", the "Faculdade de Educagio" and the Institutes
of Mathematics and Chemistry. The "Instituto" also
maintain's a post graduate program in many branches of
physics, .and about ninety percent of the research
efforts go into “"pure" and applied physics. The diagram
gives details only of the small part of the total
activities of the Institito devoted to research and
development on physics teaching . A post graduate
program in physics teaching is offered 'jointly with
the schocl of education, and contains courses and
seminars, and research along several lines. Also
connected to the program are curricular development
projects, a program of in service training of teachers,
and science popularization activities, particularly

‘scientific  and technological exhibitions. The

coexistence of the teacher training and curriculum
activities with the research on teaching has proved
very fruitful. The ideas developed in the research can
be discussed and tried” out in the training courses,
providing rapid critical feedback for the research.
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Some of the external connections of the physics
teaching group are shown in the lower parf of the
figure. Not shown are connections with the educational
authorities of the state of S3o Paulc, concerning
teacher training and curricular matters, nor the
connections with the federal Ministry Education, which
supports finaficially much of the program. The academic
intercourse is furthered by the Sociedade Brasileira de

Fisica (SBF) (ref. 2), which has as members both
physicists and .physics teachers (in U.S. terms, it is
as. if  APS and :AAPT formed one society). The annual

meetings of the SBF always include sessions on teaching
on physics, and every two years a special meeting on
the subject is convened, with about 800 participants.
The SBF publishes a Jjournal on physics teaching -
Revista de¢ Ensino de Fisica - separate from its
bulletin and physics journals.

Other firmly established and active groups in
physics teaching research and development exist at

gseveral universities (in parenthesis the name of a.

member-of each group): Universidade Federal do Rio de
Janeiro (Susana Souza Barros), Universidade Federal

. Fluminense, Niterdi (Célia D. Ure), Universidade

Federal de ‘Minas Gerais, Belo Horizonte (Beatriz A.
Alvares), Universidade Federal do Rio Grande do Sul,
Porto Alegre (Marco A. Moreiral.

Internaticnal contacts in lLatin America have been
mostly through the CLAF- Centro Latino Americanc de
Fisica (ref. 3). Unfortunately the activities of CLAF
have decreased in recent years - it is important to
revitalize them. General international contacts have
been much influenced by the conferences organized by
ICPE. '

The post-graduate program in physics teaching has
profited from visits by Brazilian and foreign workers
in the field who have given courses and seminars and
participated in research.

3. Brief Hiétofiéai'Sketéh”

We will now sketch briefly the?dévéiopmént;qf_the
group since its beginnings. (sée fig} 2) :

The Universidade de Sac Paulo was established in
1934, 'although .some of its component schools, like law

and engineering, are much older. At -the same time a .
. Physics Department was . established in  the new

"Faculdade de Filosofia, Ciéncias e Letras". It is
interesting to remark, din connection with -Prof.
Kerwin's® lecture this morning, that this new school

-had as its objectives to educate researchers and school

teachers, in the same institution.” Two physicists were

“brought from Italy to start the Department,. -Gleb

Wataghin and Giuseppe Ochiallini. They_Started research
on cosmic rays, and already in 1936 significant
results were published in international journals; .
collaboration with several Brazilian students,  among '
thém Mario Schenberg and Marcelo Damy 5. Santos. The.
rapidity of- the establishment of a :gsearchfgrdup in
SZo Paulc has been noted by historians - of science,

indicating that wvery favourable conditions -existed

there in 1934. It is also interesting that many of the

pioneer Brazilian = physicists, mathematicians. and

chemists <came from the city -of Recife, and  were

strongly infilluenced by a teacher;and,profeséo;;tﬁere,
Luis Freire. 1In Sac Paulo, Mario SbHenbé:g’béi¢d§éd:to
this group (ref. 4). . ' I

In 1937 the Vargas fascist~like dictatorship. began
in Brazil, and shortiy thereafter_thé ‘world war in

. Europe. In 19490 Brazilian ships were sunk by German

submarines and Brazil entered the war in 1941{_ The
Physics Department collaborated in the development of.
sonar to protect the ships, and later also radar. The
explosion of -atomic bombs in 1945 incre&éed Jthe
importance, of physics activities -from the point of
view of the governmeént and of sociefy.

After the world war democracy was reestablished in
Brazil and physics, and science in general, was
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furthered.. New. .physics institutes. were establishéd .in
Rib;dg_“Jéneiro,,in Sao. Paulo and in other cities, the
ngiéﬁade Brasileira para .o Progresso. da Ciéncia - SBPC
(simiqu to 'thexBritish. BAAS - or U.S. - AAMS)} was
fQundéd, and. the "Conselho . Nacional de Pesquisas"
(National Résearqh._Council)..Was“ established as the

first fuhding_ and . policy. . éggncy of the federal

goverament. for science. At . this time also the first

nucieék aﬁcelerapcrL_a_Betatron,_was"established.at the

physiés'éepartmént of  the Universidade de S3o Paulo.
in-1953 _ the. first training course for secondary

-school physics. teachers was held. This was not held in

S3o. Paulo, where the_empﬁésis'was.all on research, but
in an Air force engihéeriné schgbl in a nearby town.
The proceedings of this course, and of.anotherrone held
two years later, .are interesting because they contain a
diaénosis of physics teaching in Brazilian schools at
the time: bookish, far from reality, rote learning, no
laboratory or  practical work. One feels a
desire of the participants to change this situation,
and here is prqbabiy one of the reason's why the PSSC
couﬁs§ was :egeivéd_with so much enthusiasm and hope in
Brééil a. Few years.. later. At this time also a local
institute gffiliated to=ﬁNESCO,‘IBECC, was established,

and ~ soon.  became active in science education,

emphasi?ing1practic§l activities.

' Iﬁ 1956'thg PSSC curriculum project started in the
U}S:;'dnd;' soon after the launching of ' the Sputnik
artfficial' satellite by the USSR, led to the
est&blishment of several multi-million-dollar projects
for science " education in the U.S. and later in other
caunﬁties%:..

Erazilzwas one of the first countries to translate
thé_PSSQ_'cqurse. After a few years, however, it became
clééf_that " the course was not appropriate for the
schools: it - was too difficult, and most teachers did

'ndt;undérsténd'itlwell.

In 1963 UNESCO organized a Pilot Project in
physics teaching in Latin America, mentioned in an

6.

earlier talk by Al Baez, which had its headquarters .in
S@o Paule, initially at IBECC and later in the Physics

Department. In this project several eurcpean. - and--
northamerican experts worked with latin americans. to

develops a curriculum on optics for schools.

Educaticnal technology was used, . programmed

instruction, teaching films and simple -lab equipment

were produced, but the material was never widely.
distributed.

In the same year two conferences on physics .
teaching were held in Rio de Janeiro, one
interamerican, the other international, sponsored by
ICPE-TIUPAP. _ .

In 1964 there was a coup d'etat and a military .
regime was established in Brazil. The Sociedade
Brasileira de Fisica was founded in 1966. In 1968
there were many student protests thoughout the country,
and especially in Sac Paulo. Partly as a consegﬁence,
the University Reform law was finally enacted, after
several years in Congress. The law had several
modernising features, but it dissolved the teacher
training Faculdade de Filosofia, Ciéncias e Letras into
several scientific institutes and a Faculty of
Education, which was bad for teacher training courses.
At the end of that yvear a new coupdetat caused a
transition from dictatorship to tyranny. Repression
on student movements became very strong and ﬁany
professors were removed from the Universities for
political reasons, among  them = several leading
physicists and directors of the Soc. Bras. de Fisica.
Those were difficult times for the whole country, and
for physics. '

The first national symposium .on physics teaching
was held in Sao-Paulc in 1970 and was a great success.":
Several hundred teachers and professors from the whole
country attended and discussion was very lively. There
was a consensus that new national curricula must be
developed. Soon thereafter a curricular project called
PEF- "Projeto de Ensinc de Fisica", started at  the
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"Instituto de’ Fisica" with support for the Ministry of
Education. This project, designed for secondary
schools, produced - four volumes on Mechanics,
Electricity, and Eletromagnetism, with kits to make
experiments in class. The material was of good quality,
with some very creative solutions: for example a
sandclock-chronometer with 0,2 second precision, and a
very simple model electric motor.

Shortly afterwards we &also started producing
teaching £ilms (film- lbops}, in collaboration with the
cinema department of the University, and with initial
help from Al Baez. :

‘ Another independent group deéeloped texts for
secondary schools as programmed instruction.

At this time the journal "Revista Brasileira de
Fisiga“ started publication, containing a section on
teaching. In 1972 the first degrees in physics for work
in teaching were granted to Claudie Z. Dib in 836
Paulo (Doctorate) and to Marco A.- Moreira in Porto
Alegre  (Master) .

' In- 1973  the post graduate program in physics
teaching started in S3c Paulo; a previcus attempt in
1869 -had not been approved by the  University
authorities ' because it was" ' located only in the
Instituto de Fisica. In 1973 the Faculdade de Educacdo
also participated. It took several years for the first
degrees. to be awarded but by now about 4¢ master's
-the51$ have. been approved, some of them guite good.
Inltlally there were few advisers, I bore some 80% of
the laad but now I am down to something like 10%.
Several 6f the masters have gone on. to a Doctor's

in. Education or in Physics. _

The.polltlcal -situation. in the country started to

“liberalize slowly in 1974; amnesty was granted in 1979

“and"a . civilian government was elected in 1985,

Lo In.1979 the SBF started publishing a separate
_30urnal for physics teachlng At about this time at the
Instituto de. Fisica we started organizing  apparatus
exhibitions for secondary schocls. The early eighties

. 8-.

were years of "little  money for research “and
development, and the level :of activity was low. However

"in 1985 a special financing program for. seience -
_teaching was established, and several large programs

started at the Instituto de Fisica: a curricalum
program developed with a group of teachers and .starting
from everyday 1life problems, a program of -teacher
training - courses, in collaboration with the = state
government, a scientific exhibition about Halley's
Comet in 1986, which was a great success and gave much
contact between university and schools, and ' another,
larger, exhibition on Energy, in 1987.

The national symposia on physics teaching have
been-held every three or two years, the most. recent one
in S3c Paulo. this year, Weekly seminars on physics
teaching have existed since 1973 at the Instituto.de
Fisica.

Table 2 lists some of the research programs, and
table 3 some of the dissertation themes. The - tablee
show a great variety of .lines of “work. = The groupf'
started out with a strong behav1or15t 1nf1uence
seventies, but other lines of thought:  soon appeared
such as Piaget and “spontaneous concepts”,  which is
presently a popular theme. The ideas of PaulbﬂFreire-

"also influenced several dissertations. Historical and
‘philosophical studies of physics concepts also . are

being done.

4,0verview

We will now make some general commeénts about this
story.

The group specially devoted . to studies .and
research in  physies teaching developed  at the
Universidade de Sac Paulo after physics research was
already firmly established. It started with curriculum
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development, including texts, laboratory apparatus and
films. The post graduate program came afterwards, after
several research and development projects were under
way. This program is a joint program with the school of
Education, which. emphasizes the .fact that although
physics education depends in an essential way on physics,
it is not physics.

The basic  ideas, the initiative and the effort to
establish the’ group were all local. For sure,
international ideas and = experts furnished ideas,
advice and help , but these were ancillary. Foreign
visitors gave courses, ideas for projects, good advice.

,However the  establishment of such a group is clearly a
. local task. : _

}Educatipn;is an actiwvity where national and local
'condiﬁibﬁs;di,fgrz widely and make a big difference. We
have‘had;'sévéral examples, in Brazil, where ideas from

_lnternatlonal organizations,. led to Serious mistakes in

educational policy (ref. 5)-_._- e ]

Now some critical comments,_:where' I thiﬁk 'thé
-group: - has not done ,_wel
-=publlcatlons about the: Group & work pafticularly the
‘master's dissertations are uhpnblished (ref. 6). The:
‘research in th15 field is not.yet on a flrm footing, in

my view; this is not a critiesm of our group only, -but’

-more general. The courses in our post graduate program
are not  adeguate, and must be improved. On the other
hand, - so _faf. only. the'_Master's'program has been .
established, .and: it is necessary to establish the
" doctorate. R

e Perhaps the greatest criticism is that" “the
,external effects of the. :.group's work are still very

“smalls-the . teaching.: atour‘own institute, in secondary

.schools and in- other- universities has as yet improved -

.very llttle asia consequence of our work.

5. Conclusion

.- There are very. .few

10.

Networks can have positive effects if they
represent collaboration of independent groups. They
depend on the existence of strong local groups and
national networks must be strong before international
networks can be useful. It must be borne in mind aiso
that networks can be instruments of domination. )

Different countries have diVe:gent inte;ests_and
great tensions exist between then. Present examples are
the foreign debt of Latin American countries to the
rich countries in North BAmerica and Europe, and .the
situation in WNicaragua. International collaboration in
physics education, as in any other field, cannot ignore
these tensions.
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FIGURA 2 = Developmment of Physics Teaching at USP in parallel with national and - : TABELA 1 ~ Dados Muméricos schre Fisica e USP {1986)
' international events

Vargas 1931 ‘Alunos  (total) Usp - Graduagac .. . - 35.000

1934 Universidade de 530 Paulo {USP). Departamento de Fisica. - use Pas-Graduagao 12.900
CeellL 1936 Raios (Dsmicos. Wataghin, Occhialini, ) ’
Ditadnra: Estado Novo Schenberg, M.D.S. Santos et al. ] ) S :
Guerra Mund:tal Bomba Atdmica 1940 Sonar {marinha) Aluncs Ingressantes (por ano) usp . Graduagao ) T .. 6.000
1948 SEPC (Sociedade Rrasileira para o. P:ogresso da C‘I.&I"Cla) ' : Fisica = Graduagso. . .. . 260
Betatron : ‘ : Fisica Pos-Graduagdo _ 50
1951 Pq (Conselho Nacional de Pesauisas) . o | Dosimo de Fisica  Pds-Graduaclo: 10
) 1953 1¢ Curso Treinawento Professores Fisica - Diagndstico: i
PSsC Ensino Livrescn, sem realidade, sem laboratdrio. - -
Sputnik Ensinc de LaboratSrio. TEECC (UNESCD). ' Professores: USP 5.000, Instituto de Fisica 180, Ensino de Fisica 12

1960 Traducac Brasileira PSSC.
1963 Projeto Piloto WNESOD. Tecnologia Educacicnal. Instrucio -

Programada. Filwes. Confer@ncias Ensino de Fisica,Rio,OFa, Diplomas {por ano}: Graduacgdo Fisico (Bacharel) 60,Professor Fisica 20, total 80
UTEFPA {IURRP). ' ' PGs-Craduacso Fisica () 20,Dr. 10,Ensino de Fisica. (M) 4
Ditadura Militar 1964 ' o : : :
_ 1966 Scciedade Brasileira de Fisica (SEF) o
Tirania Repressao 1968 Movimentos Estudantis. Reforma Undiversitiria. . - Atualizagéfo de Professores: 30 cursos para 900 professores
Expulsaode Professores ©Tentativa - POs-Gradvagdo em Ensino. ' ' . '

1970 I Simpdsio Nacional de Ensino de Fisica
Projeto Curricular: PEF. Produgio de filmes diditicos.
Instrugio Programada (FAY). Revista Brasileira de Fisica
C.Z. Dib, M.A. Moreira ("bsesdeensmdeFlsma)
) 1973 Pos~Graduagao em Ensino de Flslca
. Bbertura Politica
o 197vprjmejmsm£t:aa;sanmsm'aéﬁsicaaussopasm.

A_Erisi;—ia. h ' ExpomgaoExper:mﬁasdecha Revista de Ensino de
o Fisica {SHF).
Covermo: Civil 1985 $% Para Projetos de Ensino. Cwericalo.

atualizagdo Professores. Exposicio Halley.
1287 Exposig2o Energia ]
VII Simpbsio Nacional de Ensino de Fisica
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TABELA 2

Linhas de Trabalho

Desenvolvimento e Avaliagido de Curriculos
Produgao e Avaliagdo de Filmes e Aparelhos
Formagao de Professcres

Atualizagio de Professores

Estudos HistSricos e Epistemoldgicos
"Conceitos Espontineos

Tecnologia Educacional

instrugao Programada e Perscnalizada
Ensine de Laboratfrio

TABELA . 3

' Alguns Temas de Digsertagces.

= 0 "PEF" individualizado (met. Keller)

~ BRvaliagdo do "PEF -Projeto de Ensinc de Fisica"

- Lakoratdrio diditico na Universida@e

- An3lise dos exames vestibulares 7

- Laboratdrio para escolas médias

- Graduagaoc em Fisica na USP

- Ensino de Ciéncias a partir dos prcblemaé'da comunidade

- 0 curriculo.de Fisica nas escolas

- Conceitos intuitivos de Forga, Velocidade, Aceleragio

- Origem do conceito de Entropia e 2a. Lei da TermodinSmica






