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Abstract

PROJECT FOR THE FORMATION OF A NUCLEAR CONSCIOUSNESS.
The acceptance of the use of nuclear energy and radioactivity is still a controversial

subject — it is taboo, plagued by prejudice and the lack of information. The 1987 radiological
accident with Cs-137 in Goiania reinforced old prejudices and negative images surrounding this
issue. For this reason, the Physics Department of the Pio XII High School in Sao Paulo developed an
interdisciplinary project for high school students on the formation of a nuclear consciousness. In this
project, several aspects of this topic were discussed in chemistry, biology, Portuguese and computer
science classes. In 1995, teachers and students analysed the atomic bomb explosions of Hiroshima
and Nagasaki, in 1996, the nuclear accident at Chernobyl, and in 1997, the radiological accident of
Goiania. Beyond studying other basic subjects related to this issue (nuclear chemistry, radiation,
energy, genetics, etc.), the work included the discussion of the risks and benefits of the nuclear era,
and by considering the many sides of the issue, a balanced view was sought in the presentations to
students. Work in 1997 ended with the production by the students of 15 amateur videos which
reviewed the causes and effects of the Goiania accident, with some presentations going so far as
reconstituting the accident.

1. NUCLEAR ENERGY, RADIOACTIVITY AND EDUCATION

Our project began in 1987 when the first author, teaching in a public school in the
state of Sao Paulo, became concerned about the level of understanding of the use of nuclear
energy and radioactivity by the students graduating from high school and about the lack of
development of this topic in the physics curriculum [1]. That year, just as Brazil had joined
the 'nuclear club' — constituted by those countries which controlled the nuclear fuel cycle —
the Goiania accident with caesium-137 occurred, considered to be the largest radiological
accident in the West [2].

To obtain a better perspective of the level of understanding of this subject by the
students, several surveys were developed by physics education researchers [3-5]. In a survey
of more than 1500 high school students of public and private schools in the city of Sao Paulo,
we found that 20% of the students indicated they had no knowledge about nuclear energy and
22% had heard only about nuclear physics. Twenty-nine per cent remembered the atomic
model of Rutherford, the concept of the atom, the chemical elements and other related
subjects (electrons, neutrons, alpha particles, etc.). Only six per cent of those surveyed said
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they had already heard about cosmic rays. One and one-half per cent had heard about meson
pi and three per cent about radioactivity. Only three per cent knew how to explain what
nuclear energy was and six per cent mentioned the atomic bomb [6]. Some of the respondents
indicated where they had learned the subjects they remembered. Nonetheless, the sources
mentioned were few. Sixty per cent mentioned school and chemistry classes as their source of
knowledge of nuclear physics and atomic models. Seven per cent mentioned journals, five per
cent the newspapers, four per cent TV and only three per cent mentioned books.

We determined that the students' main source of information for the basic concepts of
nuclear energy and radioactivity were the few classes they had attended in school. This
survey confirmed the need for the proposal of a new curriculum.

2. THE TEACHING OF NUCLEAR ENERGY AND RADIOACTIVITY IN THE WORLD

In spite of the worldwide impact of the explosions of the atomic bombs in Hiroshima
and Nagasaki in 1945 and the development of the nuclear weapons race beginning in the
1950s, few projects had been developed especially for teaching these topics. Projects such as
PSSC1 and Harvard (in the United States) or Nuffield (in the United Kingdom) treated
physics in a general way by covering atomic and nuclear physics, but did not consider the
nuclear issue.

A programme covering this subject specifically — the Ionizing Radiation Project —
was developed by the University of Utrecht in agreement with the Education Ministry of The
Netherlands. Under this project, centres for the experimental teaching of ionizing radiation
were made available to teachers and students. There, through a total of 18 experiments,
professors and students could accomplish tasks such as the determination of the half-life of
caesium-137, the decay of radon-220 and the verification of Bragg's law. In the period from
1969 to 1980, these centres catered to more than 65 000 students [7]. Still in the University of
Utrecht in The Netherlands, Eijkelhof and collaborators in 1972 created the Physics
Curriculum Development Project of The Netherlands — PLON — which included the topics
of radioactivity and ionizing radiation and discussed related socioeconomic aspects, with an
optional unit on nuclear weapons [8].

At the end of the 1970s, Mikelskis and Lauterbach developed a unit covering nuclear
energy for the teaching of physics in the last grades of secondary school in the Federal
Republic of Germany.

In Israel, Ronel and Ganiel, of the Department of Science of the Weizmann Institute
in Rehovot, developed a proposal for the introduction of the topic "ionizing radiation and its
biological effects" [9]. The centrepiece of this proposal is a game in which the students
compare their own estimates of exposure levels to radiation in several types of situations,
before and after the study of the topic in the classroom, with the purpose of encouraging
students to take a critical stand based on safe information in situations where ionizing
radiation is involved, rather than on groundless impressions. Further to this project, the
researchers developed a proposal for the teaching of medical physics, establishing a
relationship between radiation and its role in medical diagnosis [10].

In Italy, at the La Sapienza University in Rome, Conforto co-ordinates a project with
physicists and biologists, together with secondary teachers, aimed at educating Italian
secondary school students in this area and allowing them discuss the use of nuclear energy,
not only for peaceful but also for military uses, as well as the risks it poses for the health of
the population [11].

1 Physical Science Study Comittee
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3. HIROSHIMA, CHERNOBYL AND GOIANIA

In Brazil, despite the great efforts made for the improvement of the teaching of
physics in the national projects of the 1970s, few steps had been taken for the inclusion of the
nuclear theme in schools. Important efforts such as the project CNEN2 GOES TO THE
SCHOOLS or the FUNDAO PROJECT of the Federal University of Rio de Janeiro
contributed to fill the gap, in spite of their limited range. Therefore, in the project we
undertook, we proposed a discussion of the Brazilian nuclear programme with a study of the
fundamental aspects of radiation physics, the processes of nuclear energy production, the
biological effects of ionizing radiation and the risk of nuclear accidents.

In 1995, as an experiment, we included the nuclear subject in the physics programme
of the senior high school at the Colegio Pio XII. To start with, we recalled that the explosions
of the atomic bombs over Hiroshima and Nagasaki had taken place five decades ago. The
activities planned included explanatory class sessions, videos, readings, the assembly of
poster panels and the production of videos.

In 1996, we began an integrated project along the lines of the programme established
at the Colegio Pio XII. In parallel with the then ongoing CNEN GOES TO THE SCHOOLS
presentations, we focused on the "100 Years Since the Discovery of Radioactivity" in three
first grade classes and covered the "10 Years Since the Chernobyl Accident" in three second
grade classes. To do this, we integrated elements of chemistry, biology, Portuguese and
computer science classes into our lectures.

In 1997, as we continued the project, we chose the second grade of high school as the
ideal forum in which to introduce the theme, because students at this level had acquired the
minimum knowledge necessary for an in-depth study. The main topic we selected was the
Goiania accident and the course was structured as it had been the previous year, with the
addition of a screening of "The Goiania Accident", a film starring Paulo Betti and Joana
Fomm. Students, split into groups, were given the assignment to produce amateur videos on
the subject. They composed letters to the authorities discussing the accident. The video
concept proved very beneficial, as it allowed for a richer representation than what had been
seen until then: in addition to a wide bibliographical research, the video demanded synthesis
and a deeper reflection on the theme. Altogether 15 videos of an average duration of 15
minutes were produced, in which the students examined the various angles of the Goiania
accident.

4. CONCLUSION

To determine the extent of the knowledge gained by the students at the end of the
project, we asked 130 of them to fill out a questionnaire (Annex I hereto). The answers
showed that 81% of the students considered that a radioactive substance and radiation were
the same thing; for 82% of the respondents, radioactive waste did not just consist of the waste
of nuclear plants and for 93%, an X ray source was different from a radioactive source.
However, for 98% radiation could be accumulated in the body; 95% believed that a nuclear
reactor with defects always released radiation and 88% thought that after removing a
radioactive source from a position, radiation would take time to disappear.

The questions were drawn from the research of Eijkelhof [13] on lay students' ideas
about radioactivity in The Netherlands and had been used in 1990 in another survey in Brazil

: CNEN: Acronym from the name in Portuguese of the Brazilian Nuclear Energy Commission.
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[14]. In our questionnaire, we included specific questions related to the Goiania accident. The
results were as follows:

- 93% believed that the doctors — the proprietors of the clinic — were the main
persons responsible for the accident;

- 92% believed that accidents of the kind which occurred in Goiania could be avoided;
- 80% believed that radioactivity could have beneficial uses, provided appropriate

safety measures were taken;
- 80% believed that the consequences of the accident were still not over;
- 75% thought that the use of radioactivity should not be abandoned, in spite of the

accident;
- 75% thought that nuclear energy and radioactivity must be taught in schools.

These results showed, first, the need to improve teaching strategy by taking into
consideration the students' misconceptions or lay ideas on the subject for the planning of the
classes. Secondly, the conceptual errors encountered in the course of the presentations
pointed up the difficulties of teaching such topics. And finally, we verified that the students
had acquired a critical perspective on the nuclear question which had allowed to them to
make their own judgements on the subject.

We concluded that the inclusion of the theme "Nuclear Energy and Radioactivity" in
the school curriculums is of highest importance for individuals to understand the risks and
benefits of this source of energy. However, we verified that this is not a simple task. It
demands dedicated preparation on the part of teachers and careful interdisciplinary planning
in terms of the contents, strategies and instruments for evaluation.
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Annex I

QUESTIONNAIRE

PART ONE

Fill in the brackets with T (true) or F (false):

[ ] 1. - A radioactive substance and radiation are the same thing.

[ ] 2. - A radioactive substance is always dangerous.

[ ] 3. - Food irradiation results in radioactive food.

[ ] 4. - A nuclear power plant can explode like an atomic bomb.

[ ] 5. — A defective nuclear reactor always releases radiation.

[ ] 6. - Radiation can be accumulated in the body.

[ ] 7. - Irradiation implies radioactive contamination.

[ ] 8. - Radioactive substances are more dangerous than other substances.

[ ] 9. - There is no difference between an X ray source and a radioactive source.

[ ] 10. - After an accident in a nuclear plant, the installation remains like Hiroshima after the
explosion of the atomic bomb.

[ ] 11. - Artificial radiation is more dangerous than natural radiation.

[ ] 12. - After a radioactive source leaves a place, radiation still remains there.

[ ] 13. - Radioactive waste comes from nuclear plants only.

[ ] 14. - Radiation floats in the air as a cloud.

[ ] 15. - Radiation provokes sexual impotence.

[ ] 16. - Radiation can be completely stopped.

PART TWO

The following statements are related to the Goiania radiological accident. Fill in the brackets
with A (Agree), P (Agree Partially) or D (Disagree):
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[ ] 1. - The scrap collectors were the only persons responsible for the accident.

[ ] 2. - The doctors — proprietors of the clinic — were the only persons responsible for the
accident.

[ ] 3. - The Government was the principal party responsible for the accident because it did
not supervise the hospital before it was closed.

[ ] 4. - It is impossible avoid such accidents.

[ ] 5. - The accident shows that the use of radioactivity must be abandoned.

[ ] 6. - Radioactivity can have beneficial uses if the necessary safety measures are taken.

[ ] 7. - The consequences of the accident are still not over.

[ ] 8. - Brazil must prohibit the use of nuclear energy and of radioactivity.

[ ] 9. - Nuclear energy and radioactivity must be taught in all schools.
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