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GREETINGS

Frederico Mayor
director-general of UNESCO

I would like to express UNESCQ's sincere gratitude to the Hungarian Ministry of
Edueation, the Academy of Sciences, Hiungarian Atomic Energy Comuission and other
instinntes, hoth national and international, for sponsoring this meeting. The professional
input from GIREDP, [UPAP-ICPE. ICSU-CTS and the organization by the Rolaned Edtvis
Cniversity has eremed us o stinmlating aud forward-looking meeting. We must thank the
panicipants who have come from far and near ta share their ideas and experiences with
n-.

During the 19580s, science and technology have played an important role in economie
and social development. The lives of all societies are shaped by the rapied application of
biesie scientific research. The resulting progress is extremely uneven from region to region
and country to oumry. Tl between country differences in energy consumption illustrate
thiswell. UNESCO has been ealled upon to contribute to the development of science which
may lead to sustainable development of all nations. At the same time, Member States,
in expressing their concern at the degradation of our environment, request UNESCO to
mobilize werld action in science and education for the protection of the environment.
Many cloices are available, yet the decisions we must make are based upon incomplete or
nneertain data. Also. many of our choices contain a certain risk of adverse cffects. \We
eallectively make decisions about the choice of atomic or coal power for clectricity genera.
tion with their respective risks of nuclear discharge or acid rain, of residuals of pesticides,
hamones, fertilizers and chemieal additives in foods, of maximum allowable adverse side-
ctfeets of medicines, ete. We must balance fear and opportunity by understanding the risks
of slternatives. Most people are poer at distinguishing between big and small risks.

One cannot live in perfect secnrity, so we should understand the probabilities well
enough to know the relative importance of the dangers. Traditional scietice eourses teach
us to thiuk in certainty, even when it is unwarranted. Educating for risk must be interdis-
ciplivary becanse the sonrces of risk can be seientific, legal. financial, social, teclmologica],
palitical. or any combiuation. All citizens should learn the balancing of risk and Lenefit.
Thus il should Le comfmtable in the presence of statistics.

This couference i thus timely. Hungary has Leen quick to identify areas in science
education needing international co-aperation, and Balaton has Lecome a world centre for
seienee edueation, as proven in their previous meetings about Entropy, Chaos, Microcom-
1ruters.

A challenge for the conference is to show the way how science edueation ean help
students learn the concepts of acceptable and unacceptable risks and to rational decision
niaking. The vwhicle of energy should take us there. 1look forward to the ideas to develop.
This is our conunon goal.

(presenied by Ed Jacobscn., Mathematies Educalion Pregramme Specialist,
Divsion of Scienee, Techricul and Environmental Education. UNESCQO)
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ENERGY, ENVIRONMENT, EDUCATION

Johin L. Lewis, Conunittee of Teaching of Science at ICSU
Pump College, Malvern
Worcestershire WR13 6DX, United Kingdom

Ladies and Gentlemen, you have done me a very great honour inviling me to give
this opening address. It is sad that the President cannot be with us as he is a former
President of the International Council of Scientific Unions and 1 bring greetings from
their Committee on the Teaching of Science (ICSU-CTS) wishing you success during
what promises to be a most interesting conference.

T must start by saying what a pleasure it is to be here in this lovely place for another
enterprise organised by George Marx, It is always interzsting lo be invulved in
anything to do with that remarkable man - and I suppose it is a characteristic of physics
education conferences that they are always fun. A very distinguished physicist from a
European counltry at a recent science education meeting commented, apparently with
surprise, on the friendly almosphere: he suggested that in many academic meetings
there is a tension as ideas come into conflict, whereas in education conferences of this
kind we were all striving together towards the common goal of finding ways to provide
better education. And this is probably why a mere schoolmaster, sucl as [ am, can feel
at home in them; I do not have to prove anything.

Education

To begin, I hope you will allow me to change the title I have been given by pulting the
three Es in alphabetical order so that Education comes first and I can start with that as
it seems appropriate in this opening talk to begin with a broad look at education.
Congiderations in my own countryl have led to the formulation of the following as

the areas of learning and experience which should feature in the rounded education
of all children (listed here alphabetically):

aesthetic and creative;
human and social;
linguistic and literary;
mathematical;
moral;

physical;

scientific.

Of course these are nol discrete elements to be faught separately, and individual
subjects contribule to a number of different areas. Environmental education, for
example, impinges on many of them. I do nol wanl to enlarge further on this, bul

1. For further details see The Currictlum from 5 to 16, published by (he Department of Education and
Science, London. 1985, 1SBN 011-270568-5

8




Thope this wider aspect of educalion might be al the back of our thoughls during the
coming week.

This is only one perspective. Another, which complemenls it, is concerned with four
elements of learning, namely:

knowledge,
concepls,
skills,
attiludes,

Knowledge

One of the troubles with knowledge is thal there is so much of it, especially knowledge
aboul physics which we think is intrinsically interesting and of polential use, but the
result is that syllabuses are often dreadfully overladen with factual conlent.

L have had the privilege recently of spending a month in the Republic of China. Whai
charming people they are, struggling 1o improve their physics educalion, bul perhaps
their biggest problem is the size of their syllabus. It has grown and grown and 1 could
se¢ liltle evidence of anything having been cut out from what might have been
appropriate in the 1930s with more and more modern physics and applications added
on top. The result is that the teaching is dominated by factual knowledge as are their
examinations. We have all been guilly of this in the past and iet us hope their efforts 1o
change things will be successful.

My point is that il is essential to be highly selective when deciding swhal is to be taught.
Topics should be chosen as necessary ingredients of areas of learning and experience or
because they have important contributions to make 1o the the development of
concepts, skills and attitudes, and teachers should reject content which contribules
relatively litile to pupils’ education. At one time we were fold we must keep a lot of
geometrical optics in the syllabus "because maiy of our students want to be doclors”;
bul how many pathologists luoking into 2 microscope ever think of

wiv - 1/u = (w1)/R

As I have mentioned 1o some of you before, | was brought up when science teaching
consisted of water-tight independent compartmenls - heat, lighl, magnelism, electricity,
properties of matter, sound (when you had time for it). We owe much in England to
Eric Rogers who provided us with a programme which showed o the pupils how the
topics formed 2 fabric of knowledge, where a topic studied in one place is seen to have
relevance elsewhere, thereby helping pupils 1o see its significance.

3
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I can remember Professor Amos de Shalit saying: “The fact thal we have been very
thoroughly exposed to the law of Archimedes does not mean thal aur children have to
go lhrough this experience as well”. And there is something else to be learned: oo
often we expose children to topics before they have the necessary ability to appreciale
them; for example, all those density calculations, which look mwuch time with younger
students, become trivial when they are older.

There is another factor which has an adverse effect: oo often compilers of syllabuses
look on primary educalion as the foundation for secondary education, which in turn is
the foundation for tertiary education and so on. [ suspect that George Marx would
always have come oul on top whalever cducation he was given  TFortunately this is
now widely appreciated and all of us here would agree that cach level of education has
to be seen as an end in itself,

Examinations

And before I leave knowledge, T must refer to anolher aspect whiclh has the profoundest
influence on what is taught: rxaminations. I have a dislike for multiple choice
questions because so often (though | agree not always) they rely heavily un factual
knowledge. 1 was brought up on some terrible questions which T am almust ashamed
to show you:

1. Define specific heal, latent heal, water equivalent of calvrimeter.

250 gm of lead at 90° are dropped into a copper calorimeter weighing HX) pm containing a
mixture of 60 gm of walter at 0°C and 5 gm of ice. The whale is stirmed rapudly. What will
the final temperature of the mixture be?

What do you undersland by the lerms energy and monteniiem? Explain the difference
belween polential and kinetic encrgy. Whal is the principle of conservation uf momentuin?

" ye hammer of a pile deiver has a mass of 10cwi and the ptle a mass of 2 ewl When the
hammer fatls a verlical distance of 9 (L before siriking the pile, the talier 15 driven a
distance of &ininlo the ground. Assuming Lhe hammer does not reboimd and the uwan
tesislance of the ground remains the same, how (ar inlo the ground would the pite be
driven il the hammer fell a distance of 16 {12

I hope they show why so much of my time was spent learning definitions and
memortising formula - and how ghastly life was before we moved to metric units!

But if I show you bad questions, I must also show what I consider a good one We must
start by asking the students to read the following and then answer the questions:

Lo
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There is a 400 m difference m the levels of the Mediterranean and the Dead Sea. 11 is proposed to
cennect the Lwo by a pipeline in which waler from the Mediterrancan will flow inte (he Dead
Sca and in the process will operate a hydroclectric power station,  In order thal the water level
in the Dead Sea should not rise appreciably, il will be necessary 1o limil the quantity of water
which flows into the Dead Sea each year. The amount of waler should equal the amo~t of water
lust by evaporation each year. In the past 1660 x 10° ny® of water flowed into 1t per year from the
River Jordan keeping the water level conslant. Because of irrigation schemes this supply is
almost cut off.

{a) In order thatl (he system shall work, whty is il necessary for there 1o be a difference between (he
waler level in the Dead Sez and the Mediterrancan?

(b Low is it possible for a Now of waler 10 produce eleetric power?
tel Explain in terms of molecules why the water in the Duad Sea CVapales?

) Whal difference, of any, will it nwke if the waler evaperanng fram the Dead Sea s waler from
the Mediterranean rather than fresh water from the River Jordan?

{e} Assuming the densily of waler is 0 kg/ma, caleulate the polential energy transferred ina year.

i} Assuming that the poswer station is 40% efficient, deduce what poser will be generated in
megawalls.

Ilike that question, which is really a siraight forward energy conversion question,
because it relates the physics to a real fife situation and al the sane time CNCOUTALeS
thought about some basic things. No doubt many bright ideas will be developed this
week and [ would be delighted if perhaps someone thought h e such items can be
turned inta examinalion queslions.

Understanding of concepls and the importance of experiments

The apprecialion of concepls is as importanl as the acquisilion of knowledge. Precise
definilions are not enough and concepls, such as acceleration. need to be developed on
Ihe basis of expetience and one of the most difficull of all concepls is energy, perhaps it
is even more difficult than entropy. No doubl we will discuss Lhis during the weck.

I'was introduced to energy through a series of mathenatical cqualions, which gave me
no feel for the concepl. We now prefer an approach through showing whal energy will
do, perhaps a series of experiments showing energy conversions from one form to
another—and you will nolice my reference here to experiments, as of course it is
through experiments that pupils come to understanding.

11
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The wall of the Botany Laboratory in the Botanical Garduas of Oxford University
quoles:

SINE EXPERIENTIA NIHI .. "% IENTER SCIR] POTEST

{or 'Withoul experience one cannui anderstand anything).

I like those experiments swhich show energy conversions from one form o another and
which were extensively used in the Nuffield projects: a battery which drives a motor
which lifts a weight and then the falling weight drives the molor in reverse as a
dynamo and a lamp is lit.  Or the water driving a turbine which drives a motor Lo light
alamp, and then the process is reversed with the turbine operated as a pump Lo raise
waler from a lower level to a higher one.

At a more sophisticaled stage, we can consider what is reversible and whal is not. It
always makes an impact lo show a film of a man dropping a brick and then to run the
film in reverse so that the brick rises from the floor - and thus bringing us lo some
statistical mechanices.

Then thete is that olher lovely experiment which 1 tried 1o show in Munich al the Tast
ICPE mieeting: the thermopile which drove the motor when I patred bailing swater into
one side - then we tried to make it go faster by pouring in more hat water on the other
side and it stopped. Finally, we poured away the water and I tried to get Paul Black to
drive it on cold Munchen beer, poured on one side while the other remained hot, but
our cffurts to use beer as the fuel failed because of all the froth! Alleast il was a good
lesson in the need lo lesl every detail before demonstraling!

All these experiments are well known and I need nol refer furiher 1o them. But hefore
I leave the concepl of energy, a favourite of mine to sce whether people have a fecl for
the size of units is to pose the follewing mulliple choice question:

Imagine that a car of mass 1000 kg is given gravitalianal patential
energy equal Lo one unit of clectrical energy ( 1 kWh). The car rises a
distance most nearly equal to

A 1cm

B 1 metre

C 4 melres
D 40 melres
E 400 metres

The result always surprises and if the same energy went to kinetic energy the speed
acquired is about 300 km/hr.

ERIC 12
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Dievelopment of skills

Another element in the learning process is the acquisition of skills. Such skills need to
be developed through a variety of activities-and these will indude skills of
comntunication and observation, practical skills, and of course creative and
imaginative skills. In this development of skills, pupils must be allowed to make
mislakes, above all the teacher must resist the temptation to give the "right’ answer.
And there are also personal and social skills to be learnt: learning to be cooperative in a
variety of ways is beginning to pervade our science and technology teaching these days.

Atlitudes and public understanding

This brings me to the last of these elements of learning, namely attitudes. Here I am
very concerned as we still have much to learn and I have hopes that this conference
will help. This is associated with the public understanding of science, or [ should say

" the lack of il. With sadness | read the following in a paper published by the Science
Council of Canada:

“ven informed public debate is not possible because of 1he general indifference
and ignorance of the social effects of science and technology.”

“The issue now is no longer that students do not know what ‘science’ is, nor
that they are failing to learn enough of it, but rather that they do not come to
appreciate its personal, social and national relevance.”

It has been my habit {often to the embarrassment of people with me) to ask whoever
waits on ne in a restaurant whether they studied physics at school [ am afraid too
often I get very depressing answers. Last year in the Ratskeller in the centre of Munich,
the young lady.who served me said she had enjoyed it at school, but had given it up to
study sodial science at the university "because physics had nothing 1o do with living".
What a lerrible indiciment of our teaching!

It is encouraging however that so many of our countries are now giving more attention
to the relalionship between science and sociely in their teaching, not least through the
consideralion of contemporary problems. I am proud of the contributions which have
been made in this direction in my own country, starting from the Science in Society
project, leading on now to individual units? which can be fed into any teaching
programme. Speaking as a teacher, the need is always for more and more resource
malterial and one hopes that during the coming week there will be new conlributions.

2. Ihe ten volumes of SATIS uni ts, containing in all a hundred short teaching units for students in the age
range 14-16 are available from the Association for Science Education, College Lane, [1atficld ALIO 9AA, UK.
These are now being patended into further nnils for both older and younger students.

13

ERIC

PAFullToxt Provided by ERIC




And this is the moment when I should draw the allention of anyone who has not yet
got copies to the nine volumes which came oul of the Bangalore Conference on
‘Science and Technology Education and Future Human Needs’ on the themes Health,
Food and Agriculture, Energy Resources, Land, Water and Mineral Resources, Industry
and Technology, The Environment and Education, Information Transfer, Ethics and
Social Responsibilily, a remarkable collection of resources from all parts of the world 2

I always think you can learn something about public understanding of science from
responses to ¢xamination papers. Perhaps you will allow me to quote my lalest batch:

ENERGY IS THE BEST ALL ROUND FUEL

HYDRO-ELECTRICITY 1S THE SAFEST FORM OF ELECTRICITY BECAUSE ITIS
MAINLY WATER

PEOPLE PREFER HYDRO-ELECTRICITY BECAUSE THEY DO NOT HAVETO
HAVE PILES

LESS COAL IS MINED BECAUSE PEOPLE PREFER TO USE ELECTRICITY

NUCLEAR ELECTRICITY IS A VERY DANGEROUS FORM OF ELECTRICITY TO
CONTROL

"INFORTUNATELY GAS IS FLAMMABLE;
GAS IS DANGEROUS IF INTOXICATED;
GAS IS THE CHEAPEST FORM OF ELECTRICITY.

LAND FOR HUNDREDS OF THOUSANDS OF KILOMETRES FROM CHERNOBYL
14S BEEN AFFECTED. .

-_~_IDENTS CAUSE DEATH WHICH IT TAKES A LONG TIME TO RECOVER
ROM.

WE NEED TO SAVE FUEL, SO THE GOVERNMENT HAS PASSED A LAW OF
CONSERVATION OF ENERGY

These reveal that we still have a long way to go in educating people!

3 Nine volumes on Science and Technology £duration and Future Human Needs. published by the
1CSU Press and obtainable from Pergamon Press, Headington Hilt, Oxford UK.
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Alternative energy sources: decision-making exercises

It would not be appropriate in this opening talk to say much about alternative energy
sources as there will be major contributions about them during the coming week,
thougk I hope the wide spectrum of energy use in different countries throughout the
world will be constantly in our minds and that we will concern ourselves with both
ends of that spectrum.

However 1 will mention one aspect of the teaching of which I have some experience.
Reference was made earlier lo the importance of communication skills, as well as
personal and social skills and the need to learn to be cooperative, as well as the
importance of showing the relevance of what we teach to the world in which we live.
As Amos de Shalit said, shortly before he died, "in our teaching, we should provide
help in decision-making". Decision-making exercises have much to contribule.

One such exercise which I have used extensively is the Power Station game. It is
imagined that a power station has to be built in a region of a country. Having learnt
about the production of electricily from coal, oil and nuclear fuel, the students are
divided into three groups. Each is given the task of examining the feasibility of
building the power stalion using one of the fuels. Thzy also have to choose one of six
possible siles for their station and, in so doing, take into account technical, economic,
social and environmental factors. Then each group puts forward a detailed case for its
particular power station. It becomes a competition and that always leads to interesting
teaching.

Another such decision-making exercise is the Alternative Energy Project. This is based
on a fictitious island off the British Isles, the Isle of Elaskay, but it could ecasily be
adapted to mos! national settings. It is assumed the island wishes to meet its future
electricity needs by making use of its natural energy resources. It involves investigating
the technical and economic feasibility of explaiting the various sources available on the
island: peat, solar energy, wind cnergy, tidal energy, hydroclectric power. And
then devising a rolling programme for meeting Elaskay’s needs over the next 50 years.

The students are first divided into five working groups, each group considers one of the
energy sources and in due course presents their findings to the class as a whole, giving
information on:

* a proposed site;
. the expected annual electrical output;
. the peak generating capacily;
. the time needed to build it;
. the expected operational life.
A chart of the relevant informalion is produced.

| 15
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The final stage of the project should be devoted to the developinent of a cost-effective
and environmentally-acceptable rolling programme for meeling the (ulure electricity
needs. The final discussion on the viability of the scheme for the Isle of Elaskay
provides an opportunity to discuss whether similar resources can help to solve energy
problems elsewhere in the world.

Roth these projects are always popular with students and one of the educational
advantages is thal the students do much of the digging out of information themselves:
1find this infinitely better than my boring them with tedious lectures on different
energy sources. It involves both physics and mathematics (there is plenty of
quantitative work), it asks questions about the environment, it concerns a varicty of
alternative energy sources and another version in another country could bring in
other sources as well), it develops a variely of commwnication and personal skills - and
itis fun. T look forward to this week as we shall experience a number of such exercises.

Risk

Finally I come to the question of risk - and it would be unwise for a mere schoolmaster
to say much about this in view of the distinguished experts speaking later. But there
are one or two obvious things which might be worth saying at this stage.

First, we should remember that radiation does not produce any extra deaths: all it may
do is to change the time and nature of our dying. The one certainty is that we will all
die: the risk is 100%.

Secondly, every activily we do is accompanied by risk - whether it be working in
Bhopal, flying to Hungary, travelling by car or merely living in our own homes. Of
course the risk in rock climbing - about 1 in 200 per year - is well known and anyone
indulging in it knows the risk he or she is taking. The risk is obvious and precise. The
trouble with nuclear radiation is that it cannot be seen or felt, and in consequence it
generales fear.

Thirdly, one of the biggest challenges to us is to promote public understanding. Far too
many pecple relate a nuclear power stalion to an slomic bermb and sorehow we have
to change that attitude.

To see things in perspective, it is important to remember thal, lerrible as the accident at
Chernobyl was, it resulted in only 29 immediate deaths, substantially less than deaths
from most air accidents. However, the immediate response to that is: what about the
long term effects? Thal is where it is necessary to consider in more detail what
radiation we receive and what are the biological effects of radiation.

16
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We are all subjected to radiation and the average annual dose for each individual in
the UK from radiation of natural origin is

cosmic radiation 250 S

terrestial radiation 350 uSv

raden decay products 1200 uSv

other internal radiation 400pSv
which gives a total of 2200 uSv or just over 2 mSv per year. (These figures come from
our National Radiological Protection Board, a board independent of all other agencies,
as is the International Commission for Radiological Protection.)

The average dose from other sources is:
medical 300 pSv
weapons fallout 10 pSv
discharges to the environment 1 uSv
occupational exposure 5 pSv
miscellaneous 10 pSv

ltis worth also reminding ourselves that because of tire effect of cosmic rays at high
altitudes, the extra dose incurred by a flight from London to Budapest is aboult 15 pSv
and for a flight across the Allantic about 50 uSv. I will still fly home at the end of the
con ference!

Furthermore, we are all radioactive, for example from the amount of radicactive
potassium inside us. The cells of our bodies are conlinually affected - of the order of a
million million events every hour.

Cells are particularly sensilive to radiation: that is why malignant cancerous cells are
subjected to radiation in an attemplt to destroy them. Fortunately our bodies have an
ability to repair damage to normal cells when they are subjected Lo radiation in
relatively small doses such as those listed above. But il is important to draw a
distinclion between the two types of effect produced by radiation.

First, there are the slachastic effects (random effects) and these can be caused by low
levels of radiation. Most damaged cells will be repaired, but this may not happen and
there may be a delayed effect over a considerable period of time, One current theory of
cancer induction is that the malignaat cancer derives from faulty repair of a damaged
cell. Whether or not this happens is a matter of chance - and hence the stochastic or
random nature. Such delayed effects are entirely different from the effects due to an
initial heavy dose.

Small doses have no effects other than the stochastic ones and there is even a theory
that small doses may be benefidal. But heavy doses beyond a certain threshold damage
so many cells that it is beyond the capacity of the system to repair Lthe damage. A dose of
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10 Sv or more delivered to a substantial part of the body within a few minules is
invariably fatal. A single dose of 4 Sv will resultin a 1in 2 chance of death, but the
same dose applied over a year would certainly be tolerated as {ar as carly effects are
concerned, but if some cells were not properly repaired there would be an increased risk
of dying of cancer {the stochaslic effect).

For short term effects, it is possible to talk in lerms of risk as achanceof 1in 2, as it is
possible to talk in terms of 1 in 200 for rock climbing. This is less appropriate, just as it
is inappropriate to talk of average values, for the delayed cifects (though it is often done
and will no doubt be done during this conference). It may be beller o express the risk
differently, for example, if 10,000 people receive a dose of 80 mSv, 20 people may lose 10
years of their life, but 9980 will experience no effect at all. Expressed as an average this
is about 3 hours per person.

I should briefly refer to clusters which have caused greal concern in Britain There
have been statistically significant clusters of child leukaemia around two nuclear
installations, Sellaficld and Dounreay. These remain a mystery as careful moniloring
in the arca shows that the radiation which criginates from the nudear plant is a small
fraction of the normal natural background. Furthermare there are simifar clusters for
places such as Gateshead, which are nowhere near a nuclear installation. The cause of
these clusters continues to be sought.

Lastly, I come to Chernobyl. Of course, Lhis will rightly be considered in delail during
this conferance. But 1would like to show you what has been its efiect in the UK (see
Fig 1). The contribution to the average dose received is small indeed compared with
the dose received from other sources. We need to be far mure concerned about the
radon concentration in our homes, especially in some parts of the UK - as of course we
need to be concerned about the pollutant effects of burning fossil fuels and the CO,
effects, which will also be considered later in this conference.

Statistics

{ have little doubt that statistics will be quoled at length in the conference and young
people need to be made aware of the different ways in which information ¢an be
presented.  Fig 2, for example, shows how the same population figures can be plotled
differently to give apparently different impressions by suppressing the origin,
Changing the axes or plotting percentages instead of actual figures can again distorl the
picture and there is always the danger of extrapolation, as ilustraled in Fig 3.

My plea is that these things should be stressed as parl of our teaching, especially when
we are concerned with some of the topics of this conference.

18
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Conclusion

I have ranged widely in this opening lalk, bul 1 hope [ have surveyed some of the issues
which will no doubt be covered in detail duriny, ~l few days. The lopics of this
conference are all imporlant ones: teachers need help if they are 1o bring them
effectively into their ieaching. 1 hope Lhis conference will encourage the development
of appropriate resources and ideas which can be put lo use in education,

Lasl of all, I have onc regret about this talk. Physics educe lion should be fun and a
leclure without an experiment is no fun at ali. So I will finish with an experiment of
mine which I do merely because it is fun in the hope that it will remind you that there
must always be fun in teaching physics.
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Fig4

It is not very easy to demonstrate chain reactions in lhe classtoom. 1 have here two
sub-crilical masses of 'uranium’ (see Fig 4). T light onc of the malches at the bottom. 1l
is too far away from the maich above to be ignited, but when | bring the lwo masses
togelher ... we soon get the chain reaction | wanted ... and 1 can finish my lecture in
flames.
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ENERGY, CHANGE, DIFFERENCE AND DANGER

Jan Oghorn
Institete of Education, University of London
Londan VCIH-0AL. Cnited Kingdom

On belng alive

On the day | happen to ba wriling these words, Ihere is a storm blowing over
London. Tha trees are bending in the wind, and it is difficult to walk upright.
Circular eddies of wind form in enclosed spaces; indeed the weather map
shows just such a large eddy - a deprassion - covering the country. The
impression of an elesnental source of change is overwhelming. To go for a
walk, or to work outside, | must exett myself: use myself as another
elemental source.

Thermodynamically, what 1s going on? Today's evenls are avants in an
open system through which there is a fiux of energy . a flux occurring
because of a conlinual entropy increase (or free energy decrease ), in a
system sutficiently far from equilibrium to generate structures
spontaneously. My own body is yat another such system. Even these
words come to you by coutlesy of non-equilibrium thermodynamics!

When we find out how pupils, of ordinary adults for that matter, think about
energy, we find a number of common so-called ‘misconceptions'. Energy is
often imagined in a vitalistic way, as having to do withi being alive. A
person's energy has to do with their powar to act, and derives from their
well-being - food may 'trigger’ the making of energy but is not so readily
seen as & carrier of energy. Energy is seen as being 'used up' in action,
but sources like the Sun {or my body) can provide energy withaut ending up
with less. Energy is seen as having a certain creativa power. Language
and cullure confirm, and may help to induce, these and similar ideas. We
have many common words for the same cluster of thoughls: energy, activity,
aclion, powaer, force, strangth. Every single one that | can think of has been
recruited by science far a difierent purpose!

Such a way of thinking is consistent with what Piaget tells us aboul the early
construclion of intelligence. Thus those (including me) who find his story
compeliing think of intelligence itseff built by the child out of two ingredients:
the child's actions and visible movements. The idea of a cause is modalled
on the child’'s own actions, which are themselves elemental {uncaused)
causes. Movemant and cause are indissociable: a movement must have a
cause. The world has a before and after, which orders causes and effects
(so0 time’s arrow is built into our thinking even befare time itsaif is
established).

Those who dismiss the Piagetian story may however accept anothar facet of
our human canstitution, drawn fram neurology. Wae, like other animals, are
built 10 pay attention to differences. Wae notice movement. We atiend to
adgas batween bright and dark. Hol or cold things make us react.

23
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Sameness or fealurelossness tends o pass us by.  This is hardly
surprising if our genes are to survive to furthar generalions in a world both
driven by difference and containing ditferantiated structures.

In summaty, we tend lo think of energy as the crealive power fo generate
differancas. We are not wholly wrong to do so, since there is something
which has such a power. Butitis not eneigy, it is diffarence ilself. It takes a
difference to make a difference.

On limits to change

As babies, wa learn that it is not possible to walk through the walls of the
room. OQur early conception of space is rather topological - not the infinite
ampty spaca of Newion but an affair of inside and outside. Physics recruits
tha concapl very oftan, notably to make the idea of a c'osed system. A
closed system is a conceplual sealed room. Nothing real or unreal, can get
in or out. Itis found that in such sealed rooms of the mind, there are limils to
what can happen. One of these limits is that the total energy cannot change.
That is. if we think of all the variablas which describe the state of affairs in the
sealed room. their values can only change to olhar values such that the total
enargy neither risas nor falls.

A way of thinking about this is to think of being restricted to move on a
surface, much as {more or lass) we are tied the ground. |f variables are like
dimensions of a space, the interior of a sealed system cannot walk
anywheara in that spaca, but must move ¢nly on the 'surface’ defined by the
totaf energy being constant.

Thus from this point of view, the lotal energy is a constraint , not a generator
of change. [Itis evan wrong to say, "only those things for which thera is
enough energy can happen™. Evants for which the total energy gets lass
cannot happen eithar!  All that can be done is lo lrads gnergy from one part
of the sealed room to another.

Things can happen in a sealed room only if it contains differeaca . There are
two kinds of differance to discuss. One is tha kind to do with forcas and
motion. Tha other is the kind to do with hot or cold, concentration or
ditfusion. Tha first kind concerns movements of paricles considered one at
alime. The second concerns changes related to pattetns of distribution of
vary many paricles. The first is dynamics and tha second thermodynamics.

On ceaseless change

The first kind of difference is one wa associate with springs. |f the total
enargy would change if tha langth of tha spring changed, and nothing else
changed, then something can happen. Of course, just this event cannot
happen, since it would ¢hange the total energy. But if the total energy
would also change if the speed of a mass in the sealed room changed {(and
nothing else changed - again impossible), then the spring can change
length and the mass can speed up of slow down. Perhaps you recognise
this stoty as that told by Hamilton's equations.
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This (not too remarkable} change can happen only if lhe variables are
coupled. The mass has to be fixed to the spring, not just lying around in the
room. Thare must be a possible interaction between spring and mass. So
lhis kind . * ~hange runs on virtval differences of enargy couplad together .
The only changes which can occur are those for which there is in the end no
difference of total eneigy, but in which some energy is traded. Energy
trades select which motion occurs.

Nothing at alf will happen in the first kind of sealed room if its contents are in
equifibrium . 'Being in equilibrium' means Ihat no small changes lo any of
the variables will aller Ihe tolal energy. For example, lipping a balance with
equal weighls on either side doaes not change the total energy. The tilt is a
quantily which does not make a difference. And nothing happens.

Because we human beings pay such attention to motion and actions, we
see motion as change and as needing a cause. Bul the argument above
says lhat the variables of the systein just wend their way around phasa
space on aconstant energy surface. If there is no dissipation, the palh is
Josed (oris a poinl). But ceaseless repelition is not change. A planet
orbiting a slar for ever, an oscillator going to and fro for gver, are not
essenlially different from a ball spinning for ever, about which we would say
that nolhing is changing. Nor do we think of the molion inside an atom as
change.  Another way of saying all this is Lhat forces such as gravily give
directionalily, but not directionality in time, which is what we need if we are to
have causes.

Allthisis deeply al odds with a world in which we walk about or drive cars.
There there is change and cause of change. They arise just when such a
simple system interacts with a system which allows differances of the second
kind.

One such case is when oscillating masses, children on swings, or balls
dropped in the air come to rest.  This looks bad for the idea that the tolal
energy is constant, and was the reason why the idea was so hard to
uncover, since il seems so obviously wrong. Howaver, this turns out to be a
case of the obvious facts being deeply misleading. The enemy is actually
still there . 11 got shared out among the molecules of the moving objact and
whataver it rests on. These molecules really are moving around more and
stretching the springs between their moleculas more. In the past this was
called 'turning mechanical energy into heal’. Now we can see it as trading
energy catried by movement and by springs from one big lump of matter to a
lot of smaller bits of matter. (Uri Ganiel shows a truck which bounces well off
a wall bouncing very badly if it carries a frame containing metai washers on
a grid of rubber bands.)

A much trickier case arises from the obvious fact that someone threw the
stone in the first place. A person throwing a slone is not a bit kke a spring
pushing a mass. The firsl starfs an event, while the second just plays its
part in the evolution of un event (and may just as well happen backwards i
time). Whoever throws the stone seems to be an elemental source of
change, a dsus ex machina, able tointerfere in this otherwise mechanical
universe.  The difficully is so lethal thal it is usually totally ignored. We are
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naw talking about a simpla consarvativa few-particle syslem acted on by an
open system {the person} which is far from equilibrium and is taking
advantage of that stale to introduce a bit of difference into the simple system.
To makae that difference we need the creative powar of the second kind of
changa.

on difterence

The sacond kind of change is that which created the slorm. Differances in
temperature between Sun, Earth and space, producing on the Earth
temperalure differances between the poles and the equator and belwean tha
lower and upper almosphere, produce the weathar.

There are two kinds of change driven by diflerences, of rather there appear
to ba. One kind is the cooling of a cup of coffee left alona. It goes all by
itself to equilibtium, Difference spontaneously disappears. The storm is the
other kind. Hera difference is crealed : pressures change and winds blow.
in a structured pattern. What has happened is that a larger amount ot
dilference has vanished, creating a smaller amount. It takes a difference to
make a differance.

Whal /s 'diffarence’, in this sensa? It is the presence of paftern or
organisation. [t is the opposile of sameness or fealurelessness. llis the
limitation of possibility. Thus itis also relaled to information: without
dittarence there can be no information.

Differance can be quantified. If there is pattern, then certain possibilities are
axcluded. The total number of possible arrangements opén to a system
measures sameness within it.  ts reciprocal measures difference.  Usually
we lake the logarithm of the number of possibilities, so thal its negative
measures difference. That is, differance is measured by negalive entropy.
To say that entrapy increases. or negative entropy Gecreases, is to say that
ditference vanishes. Why must difference vanish? It vanishes because
systems made of many particlas evolve just by the random chaolic
movement of the particles. If a possibility opens up, they find it, jus! by
chance.

The storm was a region of the atmosphera containing vigorous diffarencas,
but it was transignt. The spontanenus vanishing of difference saw 1o that.
But some differences can be trapped or constrained for longer. A vacuum
flask storas a dilference in tempearalure for most of a day. A cylinder of
compressed gas is kept like it is by the strangth of the metal of the cylinder.
A gold coin keeps a difference in purity slored for centuries, as does a lump
of coal. This kind of praservalion ol difference is done by decoupling , by
preventing molecules from interacting. It was important in the evolution of
the Universe that radiation became decoupled from matter, so that difference
stored in atoms went on existing.  This static kind of maintenance of
ditference is the basis of the concept of a closed system.

There is anather way of maintaining differences, which is to create more to
repiace that which is lost. This is what our bodies do. A simpler example is
cenltral heating: we keep the house warmer than the oulside by continually
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‘efrashing the difference. The Sun does the same for the Earth, keeping it
kewarm compared to the space surrounding it.  This can only be done by
conlinualiy 1:5ing, and destroying, a bigger ditierence. To keep comething
in a glead: atate, far from equiibrium, requires the continual removal of a
bigger ditiarence.

But something in a steady state, far from equilibrium, can also be a source of
the difference needed to make other, smaller, ditferences. The produclion of
the storm from the difference of toemperature between poles and equator was
¢ne such example. | am such an entity too and can yse my state of
difierence to make differences. So such things are sources of creative
power. Because they are in a steady state, kept there by yet other larger
still sources of differenca, it can appear that creating a difference uses
nothing up.  Children we have worked with think of peopls, and the Sun, as
being sources of energy but not necessarily as using it up.

"Being used up’ more obviously happens to stored or trapped differences.
As coal is burnt, and carbon and 0.'ygen once split apart by plants come
together again, a difference evidenlly vanishes whilg for a time making
another in heating a room or a furnace.

On Danger

Zero difference is death, bul big difierences can be dangerous. Very hot
things, as well as burning us, are potentially dangerous because they can
make big temperature gradients which in turn set things in motion and make
storms or run poweriul engines.

Trapped differences can be unexpectedly big and dangerous too. Fire from
the trapped diffurence in coal is liale to be as hot as the Sun's rays, which
made it. The trapped difference in the nucleus is associated with a much
hotter source: the interior of exploding stars. Soif we use up some of this
dillerence we can very easily burn our fingers. To useitis to play with a
very hotfire.  Its creative power can generale differences, such as those in
explosions, which we do not want.

But playing with a very hot fire has a big ad\untage. The very large
diflerence it provides has great creative power. We can use it to make new
differences which we wanl or 10 maintair, differences we want to keep.
Cooler fires have less dilference and less power, and because of that have
not the potential to create a difference which harms us so much.

We have to choose, since we are steady state systems which have to feed

on difference to stay as we are. And we ke 10 build more such syslems to
tivein. So we need difference for the very same reason that it is dangerous,

On teaching

How can we think about leaching about energy and change, so that these
ideas emerge? How can we make best use of and develop the ways
children spontaneously think about such thing3?
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In the primary school we ought to pay a lot of attention to difference and to
the vanishing of differeance. Examples can include paints in water, blown
up balloons going down, and warm things cooling or cold things warming.
Three principles can be stated and r_...

differences tend to disappear
differences make changes
it takes a difference to make or keep a difference

Quite a lot of attention can be given to the importance of hot and cold. A
burning glass shows that the Sun's rays are as hot as the Sun. A walkon a
dark winter evening shows how coki is the space filled by stars. Films of
distant regions can bring out how hot it is in the tropics and how cokd at the
poles. Studies of the weather, with weather maps and satellite piclures
may give a feeling of a turbulent atmosphere stirred up by these differences.

Studies of diet can emphasise how food keeps us going. Starting with
dying plants, we can explain how lite stopping involves the organic matter no
longer being kepl dilferent from its surroundings. While it keeps anough
difference, other organisms ¢an use it as food.

Primary teachers should know that here they are making an important
contribution to learning ultimately about the direction of change and the
suslenance of life.

Wa shouid also pay altention to what limits change. Toy cars run on curved
tracks do not run up higher on one side than on the other. A bouncing ball
does not rise higher than it was dropped. A flame burning for a lime makes
a [ot of waler lass hot than a litlle water. A smalt heater, even if red hol, does
not warm a large room enough.

In the secondary school, we must at some point confront head on the fact
that we need to think of energy stored in space (fields}. Thatis to say. it we
have a mass and a spring, the spfing helps the teacher by being a visible
objact; sormething real with which lo associate part of the energy. To deal
with a stone thrown in the air, one needs to imagine a ‘gravity spring’, with
energy stored in the field around the Earth and the stone. (The gravity
spting pulls the same, or less, as it is siretched). Playing with magnets may
make the idea that "emply space’ can store energy seem less unbelievable.
If pupils ask whether anything (energy) is ‘really there', ol.e shouki answer
"Yes,itis". One can add that it is real enough to aliract things by its own
gravity, just as do slones and the Earth - the most ‘real things that there are.
And of course light and radio waves are another case of energy in space,
which happen to be travelling.

So simple mechanical systems would be talked about as cases of energy
being traded between movement and field. Gravily gives a direction so that
we have ‘up' and 'down‘, which means that when a stone is going up the
trade is in one sense and is in the other when it comes down. The energy
trade does not cause the motion: it just selects out which motion will
happen by keeping the total energy constant.
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Just what to call “iterence’ (that is, negalive entropy) is a puzzle. Exergy (or
as Gibbs called it, 255ergy) is a near relative in scienlific terminology, but not
one well known o many teachers. | believe it lo be essential lo gel as soon
as possible lo an account in terms of molecules.  Otherwise, how can we
say anything about the spontaneous dacrease of difference?

Perhaps the assential point is lo reach a classification of kinds of change, so
that one kind of probfem can be distinguished from another. Wa might try:

1 Equilibrium: where there is no difference, no change and which lasts
forever it undisturbed.

2 Dying difference; where a ditference, often small and near squilibrium,
sponlaneously dies oul and reaches equilibrivm. No other differences need
be produced.

3 Productive dying differances: where a ditference, in vanishing, produces
olher differences on the way. A storm blowing down a tree is an example,
asis afire, or an engine.

4 Trapped diflerence: where a difference, created by other larger differences
inthe pasl, is kepl as it is and has no coupling via which to decay. Fuel is
trapped difference.

L . . .
§ Conlinuing differences: where a difference is k2pl in being by the
conlinual vanishing of difference from some other source.

Here is the source of change: driven by difference and limited by energy.

T T e ———
1 Nothing ventured nothing gained.
1

C . . . . ___ _old English proverh |
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SAVING ENERGY
AS A NEW RESOURCE

Hans Joachim Schlichiting
Universify of Osnabriick
Osnabriiek D-4500. F.R.Germany

Die emte Eigenschaft allsr Umachen rennan ®ir
ihee Unzersitlichkat
Die Fihigket, verahisdens Formen annehmen 2u kennen
it die zweite weseniliche Eigenschaft afler Umachen
Beide Figenschaflen zusammengesewt sagen wir
Unmachen sird {quantitativ} unzsrstarfiche urd {quatitanv}
wandalhare Obkkte

(Robert Mayer 1242)

Introduction

The energy consumption of the world has reached a measure that the positive
effects of making life easier for manking are more and more superimposed hy
negatlve secondary effects on our surroundings which are going to develop into
main effects. Therefore, saving energy is one of the mast important guals which
has to be achleved in the future.

One lmportant measure to save energy is of course to reduce the energy con-
sumption by restricting the energy consuming demands of mankind.

But at the same time. there are further possibilities not yet exploited: One
huge source of energy availabie in industrial countries is the encrgy we currently
waste. In this connection, we only mention the differences in consumption per
capita of countries at comparable standards of living For instance. West German
people need only somewhat more than 50 percent of the consumption of people
In the United States, and even West Germany is far from using energy in a very
efficient way.

The question is, how can this large. clean. cheap. and save source of energy be
made available. This question aimes at a drastic change of the existing patterns
of encrgy consumption which stem from a time where the restriction of encrgy
re sources and Lhe environmental risks have not been recognized. llowever, to
our opinion. the capability of changing the human habits of cnergy use relies
mainly on an appropriate understanding of energy: The consumer has. above all.
to learn that energy exists in different qualities, and how this quality can be
matched with the quality of the job desired. Ln order to achicve this goal. a lot
educational work has to be done.

The conceptual background

Here, we shall only investigate this problem as far as physics education is
concerned. Therefore, our problem is to show how the learner can be made
familian with the conceptual background of energy and cnergy waste which is a
necessary pre requisite of an effective energy use. Although this implies the

development of a clear physical characterization of rnergy consumption. we tried
to keep the level as low as possible in order to reach the untrained student.
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too. One important step towards this objective has been to start with the
students’ everyday life understanding of encrgy.
The deeails of this procedure have been reported elsewhere [1,2,31. We shall
only repeat the mains results:
Acrording to our investigations the approach to the cnergy concept is commenly
obstructed by learning difficulties relying mainly on two factors:

Firstly. enrrgy is usually drerived from mechanical quaneitivs according to the
scheme:

force -+ work —+ energy.

This unplies that the understanding of energy is intended to follow from an
understanding of a combination nf quantities which are, afready themselves, very
difficult concepts. Therofore, we plead for a direct introduction of encrgy based
bn simple phenomena ol the everyday life world making use of the common
sense representation of cnergy.
- Secondly. and this point is closely related to the first, the { physical} introduction
of energy is restricted to expericnces which rely an energy conservation. However,
the comnnon sense understanding of encrgy is detrrmined by experiences which
rveal ailditional aspects of energy. The most important ones are to our opinion
the aspect of emergy omsumption and the aspect of drive.
The aspect of consumption is e expressed by the appeal to save energy. by
the fact that one has te pay for energy, and hy the possibility that energy
ressources may he deplietedd
The aspect of drive may be encountered within the students' representations as
a kind ol wniversal fuel in situations where cnergy provides for the drive of
processes { Energt keeps the warld go around?)
In order to avoid serious learning difficulties [ How can there be a depletion of
energy resources when energy is conserved 7 Or, how can a ecar he driven by
encrgy it the cars energy is conservell, thus.. stays unchanged? | the concep
tualisation of conservation alone turns out to be unsufficlent. Therefore, we
propese to conceptualize consumption and drive as well: Starting fram the
common sease use of the word energy, elaborating the aspects of conserrvation,
comsumption. and drive we  tinally introduce the physical concept of energy
covering conservation. and the concept of cnergy  dogradation conceptualizing
hurh the experiences of consumpeinn and drive.
Aftor all. this & not different from what has been done in physics, Already

Robert Mayer who ilid the first steps toward the physical quantity of energy
felt that the aspect of indestructibility was vnly half of the eruth and had to
b complemented by the changeablencss 1see our motto above). The ultimate

physical coneeptualisation of this additional aspect was later undertaken by
Rutlulf Clauslus by introduring the quantity of entrijiy. Hawever, as entropy has
aiveays bieen rogarded  as ton difficult For edueational flurposes it simply has
been disregarded bringing about the difficulties jost mentioned.

The concept of energy degradation proposrd here is a prelimenary coneept which
may provide {or a qualitative understanding of mast of the encrgy problems in
auestion which. if necessary. may e quantiticd in a simple and direct manner
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Energy degradation

In order to conceptualize what is understoud by energy in everyday life. we
start from the observation that the aspects of conservation and consumptino o
not necessary contradict cachother. On the contrary, avcording to uur findines.
they turn out to represent camplementary aspects of the same thing. This is
not only true for energy but alsu for other suhstancelike quantities where. as a
matter of habituation. such an apparent contradiction is not nuticed at all. Tor
example, when we talk about consuming or using up water we do not assume
that water is annihilated while it is used Fur washing, cleaning or flushing the
water cluset etc. If you ask students what is happrning to the water when it is
used up they will answer in their own words that it is cepserved in quantity
but changed in quality in that it cannot he used again for the same ar even for
a more ambitious purpose. This conviction manifests itself in the fee charged
for the disposal of spotled {waste} water. and it js common practice to caleulate
its quantity from the freshwater delivered to the houschobl. Other examples
are, e.g. the consumption of food. of building materials ete.

As typical energetic processes we mention v.g. the burning down of a camlio.
and the couling down of a pot of hot tea te the temperaturre of the {cold)
surroundings. In both cases the energy is not annihilated hut drawn to the
surroundings from where it does, however, not return itself reconstituting the
ariginal state (see fig. 1a and b},

This kind of processes has formed our intuition to regard consuamption and
conservation as compatible principles.

Another important point is that the consideration has switched to rhe process
character of the corresponding activities exhibiting a pronounced asymmetrie in
their flow. Thercfore, based oun this well established intuition wr oay conclude-

Fach spontaneous process is associated with an cnergy degradation, which s
due to the fact that it does not run down spontaneousi in the opposite direetion

This principle of degradation may be regarded as a preliminary qualitative equivalent

of the entropy principle.

tiowever, we also can abserve processes run in the opposite direction. That this
shservation daes not contradiet the principle of degradation can be illustrated
by putting a candie under 4 pot of cold tes {Hig. 10} and bty it heat the tea
again. Although the process of twrning stays the same as before, the provess
of cooling Is forced to run in the opposite direction. As the spontancods process
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of cooling goes along with encrgy degradation its reversal can be considered as
CAn eaers upgrading process.

Biscussing further exanmiples Irom different arcas of application we easily may
arrive at the generalized statement:

Fach spontaneous process
(considered  das  alreads  run
down) may he reversed hv
anather spontanrons process.
Thus  upgrading onergs  may
divwavs be reatized by degra
ding energy. or men more
simply: Faorgy downgrading
drives energy upgrading.

This simple formula will b
ventral far choosing  energy
saving paths te areamplish
n rertain work, But before
discussing this. we have to
answer  the question often
raised 4t this place whether
thes  upgrading  doss  nat
signity a4 violation of the
degradation  principle.  thus
being in disaceord with the
second  taw., There is, of
conurse. no violation because
the second  law  makes s Flg. 1: Exampla of spontanaous procassss, The
statement  about  all the process a develops s greater davsluation
s¥Sstems imvalved in a certain bacause it can drive the process b backwarda.
activity Therelar:-, nur

degradation principle applies ta the total process which in our example is the
combination uf the spontancous process of burning and the driven process of
herating.

in order that this tutal process actually takes jflace it must leave a net energy
degradation which implies that the upgraded cnergy has to be smaller than the
dregraded vnergy associated with the driving process. Because of this “subtraction™

ol the npgraling from the degrading a spontancous irocess driving another

process Lhackwards) lraves a smaller degradation as if it would run down
slaone o our abwass example. this fact does very well fit to our feeling that the
mere burning down of a canedh- is 4 waste of energy while when, at the same
time tenis heated somothing usefull is done.

Muoreover. the abive statement expresses also the driving aspect of energy
degradation  Therefore, energy degradation is not o negative diabolie principnle,
w8 often stated in conncction with the characterization of catrapy. On the
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contrary, it has to be considered as the necessar condition ot the poasshilee)
that something may happen.

Within the scope of this conception the consumpfon or use of epergy mav be
regarded as a controlled application of “available™ processes fo reserse other
pracesses i order to fet them agam run Jown ta delner heat. motion. soutnd.
fight or what kind of effect actuallv is needed  too satisfi the arious human
wishes and requiremoents. Fnergy waste turns out to e present cach time a
spontancous process runs down withott {ar aonh incompletels | dnving anather

useful process

Haste makes waste

The maximal efficieney or zera waste al ener would e ae huesved Tis apeproac hung
the ideal condition that the upgrading ettected by the denen process tatally
compensates the degradation ol the driving process  Hawever practically. this s
impussible beeause zera degradation means no actisity at all. in order that the
total process can actually run down. there mmust at least he a small -eeradation
In 4 certain sense. the amount of net depradation is 4 medsure of the “speed”
af the process. Fur instance, if hydrogen gas is simply esplading. 1+ etlecting
nothing else in the world, the speed of the process e tiu' rate at whic b ¢ heeraeal
energy is transferred to the surroundings. and the desaluation eftected by it oare
mavimal But even if it 15 burned ynoa controfled way m aider to presfiace a
vortain temperature difference. the corresponding upgrading 18 rether poor The
b prec-dure

well known waste of ener o power plants is due ta this rether vl
A significant decelleratsan of this pracess. aml therefore o Irastic reduction ot
the net degradation can b achieved by hornessing it. e o = oa furl cofl, ta beep
an electric current flow  However. this dind ot direct comvertion ol chemineal
energy is sn ostow that the rate at which the electrical energy s produced s
too low 1o be interesting tor aur ligh lesel energy demands lor easentially the
same reason. our cars are Jdroen noenergy w st esplusim motors and men
by more effirient but not s guick Stirling motors Finallv  the disappearcace of
wind. water, anitnal, and human powered Adrives must be cansitlered as o cfirect
consequence of the haste of the madern warkd  But as we could show st

makes waste

Heating a room
Regarded from the work desired the Sdoning” process s relatieely  unspecitee

But frora an energy saving point of sview the kind ol the driveg process s

impartant

For example, a room may as well be heated byomeans at aun clectrae radiator
dissipating electrical energy as In means of . sav. an oil heating In both cases,
the ¢ffect within the reom is the sane but the overall etfect ie s heline the
change lett m the surroundings is tatalhy different Althaueh, electrical energ
is kpown to be totally comertible mte heat, the method of heating s oo ot
the moat energy wasting. For, related tooa cortun amonnt of energy . the dissipatan
1 just used to upgrade the correspuindiag Hiermal caergy {respectaely | coversme
the process of cooling just once] Howeser. it could hare Lieen used too aperade
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a nultiple of the thermal energy (respectively, reversing the cooling down
several times). Practicaily, this may be realized by using a heat pumgp which
upgrades additional {thermal} energy of the surroundings and draws it to the
room. The degradation of the electrical energy driving the pump then accounts
for upgrading thermal energy of the surroundings. Proceeding In this way, about
three times as much energy may be upgraded as if the room was heated by an
electric radiator. The efficiency is thus raised by factor of three.
tHlowever, closer inspectinn shows that this efficiency increase just compen
sates the energy wasted in a power plant by producing electrical energy which
is roughly realized by the reverse process. Thus, in this case the heat pump is
not better than an oil heating if one disregards the fact that the power plants
often are driven by materials which cannot be usedl in a household (as e.g. low
quality coal and uranium). But the detour via the power plant and the correspon-
ding waste of emrgy could be avoided by using e.g. a Diesel cngine.
Another point of energy waste may be detected within this example: The energy
saving measure to operate 4 radiator at the lowest temperature feasable depends
vssentially on the density of the energy Flow transferred to the room. This
density may be kept at a low level if

the surface of the radiator is great and/or N

the energy flow to the surrnundings is small. Therefore, using -radiamrs with
a great surface, as c.g. the floar or the walls is not only a question of room
design and thermal comfort but alse of cnergy saving. The same is true for
reducing the flaw of energy to the surroundings which may e.g. be realizeld by
optimally isolating the walls.
By mreans of this special example of energy use we wanted to demonstrate in
the spirit of our devaluation concept how the studends’ attention may be drawn
to specific sources of energy waste which are likely to be overlooked within a
merely energy i conservation oriented kind of consideration. OF course. the
detection of energy waste may not autematically he changed into cnergy saving
measures But it must at least be regarded as a necessary condition to discuss
and design alterative technigques which finally could induce a change of the
above mentioned pattern.

Quality of energy

In arder to account for the several aspects of the everyday life concept of
energy. sometimes, different values or qualitios are assigned to the different
energy forms 141 Isee also the matto of Robert Mayer) according to the following
scheme-

high grude: mechanical energy electrical energy
b «
{chemical energy)
+
heat (T,)
+
hest (T,<T,)
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{Far the sake of simplicity. we only consldersd temperaturea ahave the Iemperature
of the aurroundinga T, For temperaturea T below T, the value of heat Increaaea
with decreazing T}

This hierarchy of energy forms can direr’ =~ ‘ounded on the concept of degra

dation (for details see:[11] by qualifying an « ..t of energy of a certain form
as more valuable or of & higher grade as the same amount of energy of another
form if the degradation combined with its dissipation is greater: or in other
words, If the first dissipation process may drive the latter (backwards).

As each heat conductlon process regardless of the temperatures involved may.
in principle, be reversed hy the dissipation of {an equal amount of )} mechanical
for equivalently: electrical) energy this form turns oi't to be the most valuable.

Unusual driving piocesses

In the following, we shall show some features of our conception going beyond
the conventional discussion of energy saving measures The fundamental statement
that each spontaneous process may be harnessed to reverse some other process
usefull for us in one way or the other may draw our attention to driving processes
which at first sight scem to have nothing to do with energy, and therefore are
overlooked at all.

For example, a spontaneous process par exellence is the mixing of. say. salt in
water. How can it be used. conventionally spoken, to generate anergy? It is well
known that by separating pure water from a salt solution hy means of a semi
permeable membran the dlsorder producing mixing process (corresponding to
our devaluation) may raise the level of the sclution, thus reversing the process
of falling, respectively, producing potential energy. In this connection, it is
interesting to note that the {relatively) pure water of the rivers flowing into
the salty ocean represents a {theoretical} potential of usefull energy corresponding
to a water fall of about 200 m. There are only economic reasons for not realizing
this Idea I5].

Another example is a possible utilisation of the spontaneous process of evaporation
which again could be harnessed to lift matter and produce potential energy.
‘There exists a beautifull model of this unusual power plant in form of a toy
called dunking duck [I1.

In order to get a survey of possible driving processes we elahorated the following
scheime:

In a horizontal line we listet usefull (driven) processes. and in a vertical column
we set agalnst the corresponding spontaneocus (driving} processes. thus representing
a kind of matrlx. The problemt was to find for cach combination of driving and
driven process a possible and direct realization. [We did not succeed in each
case) The interesting point was that some cxamples turned out to be rather
wnusual, thus making aquainted with new physical or chemical processes and
alternative realizations of wellknown processes.

This matrlx exhibits a multitude of possible driving processes offering the
possibllity of an optimal matching with the work desired.

As a general conclusion, again a change of the present pattern of energy con

sumption is suggested here: Instead of centralizing our energy system, basing it
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more and more on our grological cnergy capital it should be decentralized and
based on the better adapted, renewable, and save natural income.
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Nature as a standard

An optimal matching between driven and driving process reducing net degradation
at a minimum is realized in the complex web of natural processes driven directly
or indirectly hy the overall process of solar light radiated to the earth at a
high temperature and reemittet at the temperature of the surroundings (fFig. 2).
One important example is the decay of hiomatter characterized by the formula:

ICH, Ol ¢« v 0, + xH,0 ¢ x €Q, ¢ cnergy

This process is permanently reversed by the degradation of selar energy (foto
synthesis!) representing an upgrading of dead matter to living systems. { Ry the

. - \\
fotosynthesis decay
i ¥
LT . * . plant . SO
(shortvave) sunlight (lontMave) terrestrisl radiation

Fig. 2: Schamatic repressntation of s “soinr driven” blological cyelic proceas
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way. here we have an example showing that the degradation concept is not
restricted to processes where the energetic aspect is dominant but applics as
well to processes which are more adequately characterized by an order concept

Pig. 1 Maturml “cirola”™ Fig. 51 Natural “circla” disturbed by
human actirity
accounting For the organizatinn and desorganization of 1natter.)
The decay process together with its reversal, the productinn process. may hie
called a cyelic process. Such ryclic processes are typical for natune, They realize
in an almost ideal way the avaidanee of a nrt degradation, e a deposal of
garbage in the surrounding< Symhaolizing this kind of aperation by a circle (fig.
3) the cconomic processes of the human socivty should be symbolized by a
broken cirele [fig. 41 or a line ¢ "Die Linle ixt das serrottete Fundament unserer
2um lntergang gewelhten Zivtlisatiun™ (Hundertwasserl)
Therefore, recycling processes [ bending lines back to a circle) represent, 2 la
longue, the sole measure to reduce degradations of matter which represent in
many cases degradations of energy. toa, The objection ta recycling on grounds
that it is more expensive than the garbage producing alternatives is based on
the illusion that the resaurces are practically infinite which are rssentially the
same arguments advanced against the use of salar energy.

Summary

Our intontion was to illustrate the statement that the cnergy we currently
waste is one of the largest source available. Unfortunately., the places where
energy is wastod use to be hidden behind well established habits and inadeguate
quantitics characterizing the energetic activities. Therefore, we proposed the

concept of energy degradation accounting for the impertant expenences of
consumjition and drive which are not only ignored by the conservational aspect
of energy but even obstructed as investigations with students showed us. Tapping
the reservoir of wasted energy aimes within our conception at the minimization
of the overall or net degradation associated with a certain activity Mnreover,
and even more important, the minimization of the degradation implies in addition
a minimization of cavironmental damage which in the case of the degradation of
matter means a minimization of garbage depesal in the surroundings. This kind
of consideration emphasizes the process character of [nat only energetic} activities
simplifying the detection of net degradations and Facilitating the search for
alternatives. tn order to da su, we proposed to claborate a survey about possible
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processes  Finally. the fahric of nature could be characterized on the basis of
our conception as a complex web af clrele processes. Apart from a process
oriented understanding of what is happen in nature the method of recycling was
recognized as an effective trick to cope with garbage problems.
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TEACHING ABOUT EFFICIENT USE OF ENERGY

Luisa Viglictta
frrsae Piewmome
Torino 1-13126, Italy

Thee devace: in bhe picliure (f1g 1) loole lile = ety
nice, etficient doevice vwith little demand 1n ten e of energy
anct of dmpadl on the Vi onment

(1. Dircks derpelvwmMabile, Charing Cross, London,1870)

Hawving the water 1n the tower resarworr, b 1s necessat y Lo
pump 1L up to the top only once. When Lhe waler \ows
downhill, 1t 18 losing gravitational potential epreryg,, which
becones avallable for twrning the tuebine. The energy sterwd
in the turbine 1s then used to raise the water agein to the
top, re«sdy {for the ne:t descent. Extend lhis principle Lo
other system and 1t 1s clear that Ehe problem of disminishing
enerygy resources would disappear . Why not putl o sao
device as a lerswre facility 10 the Ralatuon lale:

ln factl ,nOYodymould beliewi- 10 Lhis tewice Fo4 3t 16 o
per pet usl mokion machine. The or 1inciple that a perpetual
mobtion marhine 15 1mpossible was already viidel v Accapted
early 1n the evghteenth century,
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“ueor dimg Lo the laws of enargy, we cannob get anything
for felhl gy and, mor &over that, we cannot even breal even.
iy it b2 T pul petrol 1e our car to male 1t run: and,
what ever EhErgy We use to start 1t. a side effect ot
vuthiii g bhe car will be an heating of the swroundings,

The problem ari1ces then of how to 1aprove the
P28 b MANCE of possible devices 1n order Lo save enérgy and
to atémct ac little as poesible the quality of the
eetrCuatent. Such a study of efficiency 1n the use of energy
v5 o 18cue 3 cLncern to acciely worthy (1} to be 1ncluded
trnoa i hivysics Couwr 5@ bt Secondary level. In thnis briedf ezssay,
I wonld Lile to t3nsider =ome tools nf analysis we _an Ootfer
onr sludents an order wo deal with such 1ssué.

Fepr ersenting bhe wrergy, £f1ow

A flret tool of analysl s are the so called RE=D- LYY
tdicdraae”, which e hibit the tr anstoramaticon of all enaergy
1isfut s 1nto o defintte caombinati1on of "useful” and
Treerennted” ener gy .

Sl @varples foer som@® adoal | oand real deviees are gilven
Tie t1gr. J-T-deR,

WASTE

_____)amnm :i___ :vunn

THERMAL EMGINE

PG 3 hEAL FURNALS

YO M eHimnEY

e

USEFUL ViSEUL

Flo, 4 aEAL THERNAL ENGING FG 5 REAL FURMACE 3a povse




ihe diragrams clatm “wr the cunvantionel off1vaency o
{definizd as the rat10 0f the afiount of wsefol energy

amount of enerygy spent to rure Lhe desicer o value m=2

a rreal thermal engilne (1t could Be a car endina or also o
power plant): M=75% {uwr o roal hosting Sysbem. Ll e woulal
lead to conltuwde that 7% efficrenl water hSating and space
Neat e} could sca Ceels D ampa vverdy wla le "0t efficirent
electricity productaicn 1 ready fo0 3 major breat Lhrooah,
ek b wf e, il tonclousion o gs Gob wlaelly P,
Ihea reasoeny 1€ bt be found 10 Lhe a0t that i general enee .y
scceurliags syslemalicelly agnore refoesence e Lhe qQuals! .
f energy. fn facl, Lthewe diage a praant away from Lhee
dratoictrore Lhrat dde v ool belwden Lherstod aed roao—=theer o’
enaray.

As we liwow, e laws of eneryy do ool ol lew LU el
erierygy to be complebtely tiansformed anto oller tores of
cnergy. In contrazt, other furms of eneegy 1m0 pe LI phee aoan
be completely brasformad i ow cne form into anotiere o w11 the
nafi-ther mal erezr gies, rhen, ares antfcraly ob “hiiuh ooalr b=,
vhille the quality of thermal erveagy depernds on o ave
tewper ature. 1o Lhieermal e@nél as el BhE Lo oo o oo e
flame 1s Of rather hogly quat-tyr 1t 1- ala ot 0 iy
qualily as nonthér mal e@ner Gr. e s o0, e v 7 e w
ambien' temper atur s Loees LHE P wagaw sl e af b 0
1= 0f Seru o quaita il

év:ul:«bl 11y

Ttee Quality oot €y 16 gueen
WS produee Lo,
I+ v do Pedeen 3 d i b . e [T R

A3

tlhie wpper c@se@r O1e g 1R wmtoer Coi S Gy rwes Ly G-
vt wiv bz comiteg (lokns cvnd b clam i e 1 b G gk -y
Floswre-soe s ¢ 16 Ul ppabean b g ad eath 0. e d omiwre S, vl el
Poored e bhaer el e g ad TSI S IFCTRR I O Y N ST B N F TR IRy |
$lo Pen bt d Phae fail Tt A s nsd 1 Leagae ar v e
wiatrr, Thitee o g1 1w Fimand 0ol oabiga-t | S -
véeeburrang o 1te crraginal coengly toone .y Lemgrimt aloa oene
b ety thewrrelioalty, L mads Lo dir i TR I T
s oAl e el b1 e Teall oal Leamenr b Stoalwar con s
el “1Mian fractsan uf Inptd o engr gyt e B Lo rienld vt
vt b Vs Thee paalao St Mue b ofe T empe s ol e oy Lo 4 ]
faizmper ol &, or B 1o oo s gyt bead o dhe Lesaaie
avallalile 20 ey wine bovnr Braye vang G st = ! hoer et
SNt Qy .

Iicee prle v 0} agees Vo E o, e wotabe b Il searbalergan
1@ e bt wGr b peonlocbion e Lhe aa sy avag ) ab bz i o
AP e gy - oo i @suts wadrd 600 e e gy s lass e aned
acvording to the AFS stody; o DEroient wie o onergy (23 ay
follouws:
Erergy of & bady or o syctew ye Tl maigomm wiia boothial Con s
provided by o Syslem oo 1L g oceeds ta 1ts fral wtale i
ttopmtdvitami v cguar Lt iwe v L Lhe ctmosplere ot abmo b e
Wi AN AN appropr Lately 1arge rescrenl e Cunfe ssaniy bl
envid tranent Gf the wystem: uentally b 1 11 fact the

42 BEST COPY AVAILABLE




atmoasphars)

fs wi have potnted out 10 the aater recservoir eLample,
while energy 1s Conserved, the avallability to do wori or
g==rdgy 1% not: an enerdv oulpul at anbient temperature
SO rESpOnds Lo o deslrection of e @rgy,. This 15 shown 10 the

dregrans of 119 o-/ where an g.ergy analve:s (4) 15 added to
the snergy araivsis,
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by water.
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The device hat =« conventional cfficrency m=27% as electric
e cLons, ohiale ;=71 1 tns Joint production of
viectricity and heat. The secand law et flciency 1s &=207Y% for
pure electricity and could reach g=63% far joint production.

Stane luston

It 18 « matbter of soune concern that, 1n an 3ge 1n which
Lhe great 1mpurtance of "energy saving’ 14 1ncreasingly
hei1ng appreclated, Fhysics testbeole are sti1ll appearing
where Lhe concepls of avarlebtlity and second order
efti1c1ency are fourdd not to mer it any mention. The examples
oubbined abicve at e then mean!: to glve some suggestions about
fiow Lo antegrate the teaching of efficient energy use 1n a
Fhysiss course at Secondary school level.

11 Miglietta, L., A Fhysice Ferspecltive to energy
educ sbion, Soience and Technology educationand the Cuality
wf lite, b, Fiquarts ed., IFM Materialen, t1el FRG, 1987.

2 Sgragooli, 5., Viglietta, L., Efficienca nell uszo
Aeil "ener gia, fanichelll, Boleagna, 1YB4,

L'y Ford, t ., kRorhlan, G., Roszenfeld, A., Ross, M., Socolow,
Fo.ooed o, BEfticient uee of energy, alF Conf. Froc. o9,
Anerlcan Institute of Fhysics, Mew Yord , 1475,

4 Viglietta, L., [l I praincipro della termodinamica 1o oun
corso dy f151ca < l1weilo di Scuola Secondaria Supericre: an
GPPr ol ClQ Malroslopli . 10 Inser ta allo Speciale, La Fisica
frella Scuwola, X301, & 1,R., 1989,
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A RESEARCH BASED STRATEGY
FOR TEACHING ABOUT ENERGY

ALE. vau der Valk, P.L. Lijuse, R. Taconis, H.F.I1. Bormans
Centre for Scicnce and Mathematics Education, University of Utrecht
Utreeht 3508-TA. The Netherlands

1 Introduction

Usually in physics education the energy concept fis introduced in its
fundamantal scientific meaning, from which conservation i3 a central
feature. Initially it is taught in some elementary form.

Research findinga show this energy concept to be very difficult for most
atudents, mainly so because they appear to hold alternative frameworks on
energy: which have strong roots in every day language and experience. These
frameworks are not simply replaced by the physical energy cancept during
ingtruction, but remain present in a more or less adapted form, giving rise
to conceptual learning problems. Aa a step towards a solution for the
reaulting teaching problems, a number of science educators advocate a
gradual development of students' @nergy concepts from daily life meanings to
more scientific meanings. This view is for example found in the proposals
for new Hational Science Curricula in the Hetherlands (Hooymayerm 198%) and
8ritain (DEs 198%).

However, others §point to eseential differences between cOmmon Senee
knowledge and scientific knowledge (Redeker 1985, Lijnse 1986). 1f thesc two
are understood as the start and finish of a longer term teaching/learning
proces, the problem remains how the transition can be made as continuous ae
poceible.

One way to aveid large discontinuitiaes is to change the educational goals.
In other words: not to aim from the start at the scientific eénergy concept.
For example the PLON ([Dutch Physics Curriculum Development Project)
curricula for lower and medium abilities (Lijnse 1982) aim at a 'practical
energy concept', which is comparable to what the CLIS Project (1987) calls a
'citizens" meaning' of energy. This meaning is not vague and ambiguous like
evary day meaninga of energy. Neither does it have the abstract, formal
relations of the scientific conc2pt. 'It is none the leas quantitative and
enables students to consider issues ouch as tranaferring energy effectively
and getting value for what they pay." (CLIS 1387),

It is generally agreed, however, that at the level of pre-univeraity
education the goal should be the acquisition of the acientific energy
concept. In the energy part of the PLON pre-university curriculum (Dekker
and van der Valk 1986) the development of the energy concept has been
planned in a two step proces. Firet an extended ‘'citlizens' concept of
energy is taught in a ‘practice-oriented’ unit ('Energy’), that deals with
enerqgy conaumption and futurF energy supplies. Secondly, the step towards a
acientific #nergy concept is made in a subsequent 'discipline~orionted’ unit
{"Work and Energy’, PLON 1985}. Both unite are written for students age 16-
17.

8y aiming succeasively at both 2 more practical and a more scientific energy
concept: this curricuium offers an opportunity to do research into the
possibilities of a more gradual development of an energy concept.
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This peper offers a preliminary report on this subject, in which some
conceptual problems that appeared during instruction will be described as
well as consequences for revision of the curriculum.

2 The use of pre—sciantific enargy conceptions

From research (Solomon 1983, Brook and Driver 1984, Dult 1984) it ia well
known that gtudants use many pre-acientific ideas, originating from avery
day meanings of energy, in science lessons. wWatte (1983) has described some
of them in seven more or less 'intuitive frameworka'. In our research we
have AIinvestigated the influence of thege frameworks on students. Our
assunption was that attainment of a qgood quality sacientlfic concept should
go along with a decrease of the influgnce of intuitive frameworks.
Therefore we given a questionnaire on energy dascriptions of various
sltuatione, according tc a multiple-cholce format with open motivations. The
questionnaire was administered bafore and after inetruction with the unit
*Energy' and alsc after Instruction with the unit ‘work and Energy'. The
results of this investigation showed that pre-scientific energy conceptions
were widaly used before inetruction. We did not gsucceed completely in
categorizing the motivations after watts' frameworks, mesting similar
problems to thoge reported by Bliss and Ogborn ({1985). After instruction
with the 'Energy' unit, the uee of pre-sclentific conceptions had decreased
only little, though some changes were astatistically aignificant. After
instruction with the "sork and Energy' unit, though the students appeared, to
uge many sclentific terms in their motivations, the use of pra-scientific
cenceptions had  still not changed much. Thege results were rather
disappointing. The teachers and ourselves had expected a much more
aignificant progress in the students’ use of the energy concept taught,

We therefore concluded that, although the students had learnt quite a lot,
their concept development had not followed the path set out by the
curriculum. A reascn for ug to try to trace and describe the actual
development in greater detaltl,

3 Analysis of student diecussiona

In addition to the questionnaire we made audiotape recordings of clasaroom
discusgiona. As learning tasks were often performed in small groups, we
were able to audiotape discugsions of two particular groups and thus collecx
a lot of informatien on the conceptual development of the group membere. An
analysis of the transcriptions enabled 18 to detect several 'interpreting
frameworks', that studentd constructed to make sense of sclientific terms and
expresgions offersd to them by the teacher and the toxtbook. These
'interpreting frameworks' are to be distinguished from watts' ‘intuitive
frameworks®, The latter describe more or less some basic ideas about what
energy 'is', an obtained from interviews. The former pretend to describe
some® basic Interpretations that atudents construct while sBtruggling with
taught subject matter knowledge in a learning process, Of ccurse, a strong
influence is present from the one on the other. The 'interpreting
framgworke ", howsverr. Lnclude both every day meanings of energy as well as
appects of tae scientific energy concept originating freom fnstruction.
Studente appeared to construct and use several 'interpreting frameworks',
each linked with epecific contexta. For our studenta an Important
distinction seems to be the difference between "technical contexta® and
‘natural contexts', "Technical contexts® concern technical appliances ueed
to make life comfortable. They are readily aseociated with energy, though
poeeibly in a pre-scientific meaning. In natural contexts, ‘forced' and
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‘self-avident’ procepsesa are to be distinguished. A forCed procese needs
energy to take place, while a self-avident procees does not, it occure by
'ftaalf'. (They may be coupled: throwing followed by falling, heating
follewed by cooling down}. Of course, alsg mixed contexts exist. The
interpreting frameworks found for both kinds of contexts differ in many
respects.

It may be that a thlrd kind of context and process should be dlstinguished
as waell, concerning Actions of living hkeings and ’animacy‘, a8 Blisa apd
oghorn (1985} call it. Thim kind of context, however, did not play a role in
the curriculum under concern. For reasons of length, we shall confine
ourgelves in the following mainly to technical contexts.

4 Sose intsrpreting frameworks

In this mection we will describs & numbasr of interpreting frameworks that
studants used during tha lessons with the 'Energy’ unit. Unfortunately, in
thig paper we cannot describe sufficient empirical evidence on which our
ideas are based (see van der Valk e.a. 1989).

The basic idea of this framework says that the ‘'something’, the causal
agent, that 1is wuped wup 1in techpical processes, Iis energy, which |is
identified with fuels 1like natural gas, oil and with electricity. Thus
enargy is som® general fuel. Heat, light and movement have to do with energy
because @#nerqgy is needed for heating, 1lighting, moving, although they
thonselves are not energy.

This interpreting framework ssems to function, for example, whan students
diacuse about:

- 'containing enerqgy’. The textbook atates: 'a battery contains energy'. -
This 1s interpreted as: the chemical substance in the battery is the energy
containad

- ‘conmervation’. Students say: 'melted wax has the same amount of energy ae
solid wax because energy is always conaserved' (no wax has disappeared}.’
Furtheron, when talking about transformations, ptudents 8ay: °chemical
energy is transformed into heat enerqgy', pointing to the solid wax and the
malted wax.

gentratjon, tranaportation, consumption

This intarpreting framework says basically: energy is generated from (i@
mads by) s mource, is tranaported to the appliance, where it is conaumed or
‘tuged up'. It 'existe’" thus only for a while. In electrical appliances,
atudents easily distinguish in »some way between the source of the
electricity and the welectric energy. Prom this, a more general
'interpreting framework' arose when students had to make genee of fuels as
energy sources., With the help of this framework students interpret heat,
light and movement aa forme of energy, generated by a source.

Some remnants Of the energy-ia-fuel framework may remain, for exampie, when
scine students ®ay: ‘fuel is energy as it can give energy’.

However frultful thie framework iz for maklng a step teowards 'energy forms’,
it gives rise to many problems. Some examples:

- chamlical enargy: ‘the energy generated from a chemical source’. In thie
sente thera is no diatinction between chemical energy and heat.

Often a ‘flowing’ energy form L8 named after ite source, both in daily life
and in our textbook: #olar energy, wind enargy, hydro energy, nuclear
energy. Sc in a particular context energy may have two Or more names:
nuclsar energy and electrical energy. solar energy and hesat, etc.
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-~ kinetic energy: °the snergy that is used up for moving®' (for instance: 'in
a car 20% of the energy from petrol is used (up} as kinetic enargy*}. In the
dape way heat and light may be interpreted: the energy used (up} for
heating, lighting. In discussions it is hard to decida whether energy is
named by students correctly after its form or, as describad here, after itae
uge. In both waye the same term is used, but for different ideas.

- enargy loss: ‘that is the part of the supplied energy that is spoiled or
that doesn't flow into the device'. That may be correct in some situations
{for example chimney losses of a gtave}, but students appeared to use it in
aituations of transformation losses as well. For example if a power plant
has an efficiency of 40%t, 608 of the electric enargy is said to be ‘spoiled’
underway to the consumers. Anothar e&xample is the sclar cell. Students said
the efficiency can be improved by enlarging the area of the cell, so that
more radiation can be received.

- energy conservation: °“the sum of the part of the supplied energy that is
ueed up and the loss equals 100%°,

Students uaing the generation-tranaportation-congumption framework can
hardly make sense of expressions like ‘something has enérgy’. Many students
deny that something may have energy, because if energy is generated (comes
to existence) it is tranaported and used up immediately. Some atudents =said
that something may have energy as long as it is supplied with enerqgy.

It appeared that quite often exprassions from the textbook and the teacher
could be easily interpreted within this framework, or they aeven seamaed to
uge it themselvwes. MHany guantitative taeks could be done wall with it, so
not surprisingly the teachers had little idea of the underlying conceptuval
probl ams.

energy consumption and production
In this interpreting framework aome appliancee are seen as consumere and

sources at the pame time. Knowing that heat, light and ‘movement® are energy
forms, ptudents can make use of this framework. Important appliances, in
thie respect, are bulbs, anglnes and power plante. A bulb consumes
electrical energy and produces light (radiation anergy). A powar plant
consumes fuel (energy} and produces electrical energy. In thie way
“transformation® can get a meaningful intérpretatlon. This almso applies to
‘congervation®, if the idea of cransformation loeses is included. For that
purpose, a flow-picture of some quasi-material substance, being the anerqgy
conserved, can be added to this framework. The curriculum reinforces this
framework by making extensive use of ‘enargy flow diagrams' as shown in
figure 1.

1007,
Etfaioemt

fig, 1. Energy flow diagram from the *Energy' textbook.

This interpreting framework i? related to the former. A difference is that
the energy form being used up, i@ aeen now as an cutflow. For example: in a
drilling machine one outflow is the energy used up for doing the drilling
job, the other iw the heat loss due to friction and resistance. Again this
framework is very difficult to detect as it can hardly be distinguished from
a correct way of saying, i.e. that ‘elactrical ensrgy is transformed into
kinet ic energy and heat'. It becomes apparent, however, in tha case of
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heating a room. Students eay the haat flow out of a room, in winter-time
being held at constant temperature, dods not squal the inflow as the job of
heating has to be done too.

From this interpreting framework, forms of energy that should be attributed
to an object like kinetic energy, chemical energy, internal énergy, are
necessarily treatad as energy flows. As a result, for chemical energy the
energy flow and the material flow are confused; with respect to motion,
kinetic energy and work done by friction are mixed wp. etc. So such energy
forme cannot get a fruitful meaning within this framevork. In fact,
analyais of the teaching materiale reveal that alao this framework e often
stimulated vnintentionally in the curriculum.

energy storage

This interpreting framework originates from etatemento like:

— in fuel energy is stored because the gun puta in energy, vhen the plantes,
the fuel originates from, were growing, and we can get energy out of ity

- in a rechargeable battery energy is being stored when the batte:y ia
loaded;

- the energy needed to increase the speed of a car “comes free' when the
car collides with a tree.

Now the focus is not on continuing processes but on proceseee that come to
an end (changes in temperature, speed, phase, height). Diacueaing guch
processes, atudents firdt argued that energy may be used vup for a forward
proces, while the reverse process could generate energy. This mada them
finally conclude that thus energy is etored during processes in vhich e.gq.
temperature, speed or height increase.

5 Reflection on the 'interpreting frameworke'.

A careful analyais of the development of these frameworka in students’
discusaions ahowed this to occur in a certain order, as the above. From our
description given, it im clear that the 'practical' context of inetruction,
regarding energy conaumption and supply, plays an important role in the
development. Some - of the students already wsed the consumption and
preduction framework in the first 'Energy’ lesson and attained the energy
storage framework soon after. Others, however, did net develop the
‘atorage' framework until the -Work and Energy' unit. This ¢ 3geats thie
order to be Aautonomous to a certain extent. It appea from the
transcriptions that the group membere made conaiderable pro-, esa in their
concept development towards a more sclentific energy concept. However moet
of them did not reach the ‘'storage" framework required at the end of the
'Enargy' wnit. This may explain that the progreas in ¢qualitative
understanding during the ‘'Work and Energy' unit was unsmatisfactory, even
though students learned reasonably to manipulate gquantitatively with the
formalism.

Because of the suggested importance of the order in the Interpreting
frameworks, it was decided to wse them to deviee 'inetructional frameworke’,
for the ravision of the energy teaching eequence. In the revised practice-
orientsd unit, now called ‘'Energy supply', the ‘'storage’' framework is the
endpoint, in the revised ‘Work and Energy' wnit, a further developed
scientific energy contept is aimed at. From the above it will be clear that
the '"instructional frameworks' have to be used very carefully, to avoid that
concepts ara introduced that can get no proper Interpretation in the
framework under consideration.

A major starting point chosen i® the distinction between forms of energy
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exchange (“energy flowa'} like heat, electrical energy, radiation energy and
work betwaen (thermodynamic) syatems, and forms of energy that can be
attributed to dysteéms, like internal energy, kinetic energy. potential
energy. This distinction can be found (among othera} in puit (1984},

Taking the above into account a strategy for the introduction of the energy
concept has been designed, which consists of four “instructicnal
f rameworks ',

We aapuma that at the start of the teaching seguence, most students have
already developed a ‘Source-and-consumption’ framework. However, both to be
sure and for for the sake of repetition, this frame is explicitly used for
the introduction of specific heat of combustion, with burning fuel as a
heat-gource, and of apecific heat, using hot water from ‘city heating
aystems® as a heat-source.

S

fatyd

fig, 2. A drawing froem the unit ‘Energy Supply®, illustrating the use of
the 'mource-transportatjion-consumption’ instructional framework.

Subsaquently, we focus on appliancies, which uee and/or produce heat,
electrical energy, light or work, ona energy form being coneumed and
another being produced. Wilst talking about energy going into and coming out
of an appliance, a conserved gquasi-material flow-picture is introduced. Then
the efficiency of an appliance is mentioned.

L
ma
noge

fig. 3. A drawing from the unit 'Energy Supply", illustrating the ume of the
'consumpt ion-production’ instructional framework.
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From the conservation rule, situvations in which the outflow deoes not equal
the Inflow are problematized. The argument that the outflow can be delayed
leads to the concept of energy storage and the introduction of ‘ferms of
storage energy‘'. such as: internal, kinetic. gravitational, chemical enerqy,
for which formulae are introduced. bywe. ~f energy storage and energy
‘generaticn’ like flywheele in a car, resecvoire and hydropower plants,
storage batteries and genaratore are dealt with.

mataracaxIbakxen

tpereen

Cmiivoines

bawe'tn

iorugmin-un

ifurbine

Uy, + Wit
gensralof

AL M1} RIS

fig 4. A drawing from the unit ‘Energy Supply' illustrating the use of the
‘storage’ instructional framework.

Energy conservation is expressed in a formula for these aystems: the sum of
the energy flows in and out equals the change in stored energy. This
completee the concept development in the practice-oriented unit “Energy
Supply* (Poorthuis e.a. 1988a). The discipline-orfiented unit ‘Work and
Energy” (Poorthuis e.a. 1988b) B8tarts with the same conservation formula,
but extends its applications to new Bysteme, such as: a falling stone, a
pendulum, Joule apparatus etc. Using idealised gituations, the relaticens and
concepts introduced in ‘Energy supply' are first sharpened and extended, and
subtequently applied again to realistic problems. So it ie tried to bridge
the trancition from the ‘practical’ meaning at the end the first wnit, to an
extended and more precise scientific meaning at the end of the second unit.

6 Pinal comsents

Five teachers have wused the revised energy curriculum. Pata from
questionnaires and audiotapes have been collected and are being evaluated.
Preliminary results seem to indicate that the etrategy, based on the
instructicnal frameworks, give students a better grasp of the suwbject. 1In
tranacriptions of discussions, the development and use of the succesalve
frameworkas can be cobserved. However: the teaching eequence appeared to hbe
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hard to follow for the teachera. Apparently, the jnotruction of the teachers
hae been insufficient. This remains a main problem to be aolved in the
future.

Without doubt, a further analyeis of the data will show that the curriculum
should be improved in many details. Thers is an increasing evidence,
however, that the presented strategy enablee a stopwise development of an
energy concept, frem every day meanings to a useful scientific meaning, for
many students.
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ENERGY EDUCATION
FOR NON-SCIENCE MAJORS AND TEACHERS
Joseph R. Priest. William H. Rauckhort
Department of Physi « 'l Cuaversiy
Oxford, Ghio 45050, USA

This paper presents an overview af our experiences in energy education
for non-science majors and teachers during the past two decades. Both of us {JRT

and WHR) are university physicists, and entered the area of energy education in

1973, the time of the Arab oil embargo. We became interested in energy

education for several reasons: 1) the importance of the energy and environment
problem to our society, 2) the obvious relevance of physics, and science and
mathematics generally, to understanding the role of energy in our society, and 3)
our perceplion of the energy topic as an excellent theme for teaching
introductory physics. Our experiences in energy education are uniformly
positive, testify to the importance of education on this topic, and confirm our
perception of the energy lopic as an excellent pedagogicai vehicle for teaching the
fundamental principles of physics. We find considerable student interest in
energy and our society even though general socictal interest in energy has
waned.

Our experience int energy education has been primarily within a course
titled "Energy and Society” that is offered for non-science majors each term at
Miami Universily. The course is taught in a large section having some 150
sludents, as well as lo a small section of some 20 studenls in the Honors Program

at Miami University. The text for the coutse is Energy: Principles, Problems,

Alternatives, Third Edition (1984}, by one of us (JRP). Other relevanl experience
is the organizing of energy institute/ workshop programs for eleinentary and
high school teachers, and service by one of us (WHR?} in directing the U.S.
Depariment of Energy's Institute/Workshop Program for teachers from 1976-78.
In addition, we would like to bring to conference participants’ attention an

interesting summer institute for college/university teachers which focused on
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development of the Breeder Reactar, and which was held at Argonne National

Laboratory's western site in ldaho Falls, Idaho, US.A.

The Energy and Sociely course at Miami University begins with a

summary of the current U.S. and world energy use pattern and estimates of
available energy resources. The introductory material also includes
consideration of basic mechanics and what might be called the “physical basis for
energy”™. A large parl of the course then consists of delailed considerations of the
various energy resources (fossil fuels, nuclear fission, nuclear fusion, solar
energy, conservation, etc.), the current and developing technologies for utilizing
these resources, and the associated environmental impact. Areas of basic physics
(electricity, magnelism, thermodynamics, electiromagnetic radiation, and nuclear
physics} are introduced throughout this portion of the course, in conjunction
with energy technologies which are closely related to a particular area of physics,
For example, basic electricity and magnetism are introduced along with the
examination of the workings of an electric power plant. Thus, an electric power
plant serves as a real-life illustration of electricity and magnelism.

From an energy standpoint what emerges in the course is essentially a
comparison of the status, benefils, and risks of various energy technologies. The
course is analogous in this regard to familiar courses in comparative religion and
cdmparative literature. One obvious #-.1 important comparison which arises is
between the environmental costs and risks associated with coal-burning and
nuclear electric planis. We believe this comparalive viewpoint to be pertinent to
the emphasis within this conference on "risk education®. We feel that Miam!
students leaving the Energy and Sociely course are keenly aware of the societal
risks associated with all current technologies and the reality that there is no
“risk-free” technology currently available. Few students can be expected to

remember the magnitude or mathematical statement of the nuclear power risk
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presented by the Rasmussen Reporl; mest will learn and remember, however,
the alternative costs associated with fossil fuel power planls, and recognize the
true comparative nature of the nuclear power debate.

We have offered the Energy and Society course under alternative
conditions on several occasions. In recent years we have presenled the course as
a seminar for students within the Miami University Honors Program. This

effort has been quite successful, and is ongoing. Eatlier, in the late 1970's, with

funding from the U.S. Department of Ene gy {previously the Energy Rescarch

and Development Administration) we offered one-week summer institutes for
elementary and high school teachers. Such summer programs for teachers were
quile successful and were very highly acclaimed across the United States. Despite
their effecliveness, however, funding for these teacher institules was
discontinued in the early 1980's by the Department of Energy with the apparent
easing of the "energy crisis”. We believe this decision by the Depariment of
Energy lo have been a short-sighted one, and suggest that U.S. participants at this
Conference consider a recommendation to the Department to reinstitute funding
for this worthwhile program.

We plan to conlinue our efforts at Miami University in the area of energy
education, and are anxious to incorporate material and ideas from this
international conference in courses and an expected revision of the lext. We
would be grateful 10 conference participants for any suggestions regarding such

material, particularly in the area of risk analysis,
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RENEWABLE AND UNRENEWABLE ENERGIES:
TALKING THEMSELVES
Benito Laiz Castro
Bacchilerato Dominguez Ortiz
Madrid, Spain

1. - Introducing Energy idens in both scientific and social meaning, but hefore having
gathered the students ideas, on 2 “Lrain storm session, abont energy.”

2. - Enconraging the erucial inportance of the Energy guestion for the future of the planet
and the human race.

3. - Giving some general views abaut different kinds of energics referred to their renewable
andl mwenewable characters.

4. - Asking for cach student to choose one type of energy or similar (proton. neutron.
conzervation...) and become lim/herself the character to be playel afterwards.

3. - Supplying them with enough bibliagraphy to learn his/her role according to the energy
hefhe chosed,

6. - Suggesting them to prepare his/her own energy disgnise appropiated to their own
CHeTEY.

7. - Cliecking the different texts abouwt different energics and coordinating by the teacher
in a certain way and correcting the mistakes, not the texts.

8. + Adding some “pepper and salt™, if necessary, to nake it more atractive,

0. - Relwarsing onee or twice if we want to perform for » big group or other students.

10. - Asking them to make a special scenery for the public role-play, if it is the case.

11. - Putting the play on.

12. - A collaborator group will prepare music, microplions, londspeakers, casette, video
camera anl so on for camplete happy perfornmmnce with energetic drinks and dancing in an
energetic bar. {Bright colonred drinks mazle of foad dye, water and sngar, for example.)
13. - Auather scirntific elements like some diaporumas ahout new cnergies (solar-colic for
example} and some scientific references can be introduced by tle teacher.

In any case, if you try, you will see the results!

HEFERENCES
FOLEY, Gerall (1981} "La enestion encrgétiea™ Fab. ded Serlal
CIASS, Midwel (1956). "Cultive sy propia energia™ 1d. Iramidde
FAT/AEIDEN (1979}, "Modelo envrgético de 1rdnsito”™. Shraguano Eil
FONTALBA (1986) “Las nuevas Energias™ Ed Fontalba Barcelona
KARKU. ML {i98G) “La Energia Nuclear” Ed  Gedisa
HERNANDEY DDEL AGUILA, Rafacl, (1986) "La erisis ecolégica™ Ed Laia
AGUILAIL ) 3 Ga LDGAY.C 7B vients Faentn de Inergio” Ed Alhambaa
ASIMOV, Isane “llistoria de u Energia Nuclear™ Ed. Aleniza
ODUM. Leward T {1930) “Ambicnte, Energia y Sociedad  [Hume™ Ed
LORCA, A et al. {1982). "Lnergia ¥ Sociedad™ C 18 Madrid
JUNGK. Robert {1979). “EIl Istada Nuclear™ Fil. Uritica. Gryallo
ZORZOLL G 1 (1978), "El dikema Eoergitioo™. 1 Bluine Ed.
FRABBOXLE. (1920} “EI pruner abecedario: ol amibente” Ed. Fontanelta
PATIIIA, F (1083} TEl naturealista on L cjudad. = Ed. Teenes
DICKINSON, David (1978} “teenologia Alternatina™ e ed.
COLECTIVO ASKATASENA (1979). "La lucha Antinucloar™. Ed. Hordago
VARAS. F (1972) "Euergia y sus teansformaciones™  Ed. Pssat
I E.ALOQCDE (1987). " Renewable Sources of Energy”
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MICROCOMPUTER IN TEACH
ABOUT THE CONSERVATION OF EIII:IJ]%}RGY

Jozefina Turlo, Zygmund Turlo
Physics Department, Copernicus University
Torun 87100, Poland

INTRODUCTION

In recent years eome new trende in Physics teaching can be

recognized which deserve a thorough analysis. The main topics

include elementary. secondary and university schools

misconceptions, the msaning of concept names and the physics of

avaryday life.

Without a doubt, energy is the single. most important
physical concept in all of escience. The importance of the
conce} of snergy lies in fact. that wvarious form of energy
within 0 isolated system can be transformed one into another
without « change in the total amount of energy. That is. in any
physical process. anergy is conserved.

At the same time the concept of energy is extremely
difficult to understand for 14-15 Years old students. Student ‘s
understanding of the physicist's meaning of the term enerdy 1§
affected by the fact that it hae various connotations in
averyday language. The Young children associate ths term enerdgy
mostly with human activity: some of them however consider eneargy
as an ingradient or byProduct of a situation, but only verY
rarely as a conserved guantity [1-71. Their intuitive
underetanding of energy expressed by the statements: "Eat a good
meal and you will have a lot of esnergy". or “A person who has a
great deal of energy can do a large amount of work™ corresPond
however duite closely to those that the physicists would make:
“Energy is the capacity to do work'.

As a matter of fact a clsar understanding of snerdgY and an
appreciation of its importance was not fully realized until
1847, whean Harman von Helmholz (1821-1894) enuncilated the
general law reg&rding energy. but he called it “die FErhaltung
der Kraft® - the law of force conservation. The Scottish
physicist W.J.M. Rankine (1820-1872), <civil eangineer from
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Glasgow, was the firs: who used the term'“energy” in the law of
conservation of energy.

The etymologyY of the word “energy” 18 verY clear. The Greek wofd
"wergon” meant the same as our word “work”. At an sarly stage
Greeks dropred their “w" and "wergon” bacame “ergon"”. Aristotle
(384-322) used the word ‘“en-erg-eia", because it meant the
Property of things which were "in work" or at work. (-eia ig an
ending that makes an abstract concept out of something concrete,
Just like inertia is the abstract concePt of inert things}

As we see - from the verY bea#inning - the concept of energy was
closely assoctrated with the concept of work, And nowadays,
energy 18 looked on as a pogsibility of doing work, a
potentiality more than an actuality.

Different ways of teaching of the concept of energy have
been suggested. One waY 18 to introduce a larde number of names
of energy forms and describe how energy can be converted from
one form to another. This waY. however 1s rather difficult for
the Young students, usually already having their own
misconceptions about energy. and because We are very fast
arr-ving at the Problem of rigorous definition of enersy forms
and the guestion arises:“"should we consider eneragy forms or
energy carriers?” (8}. From our didactical Practice we have
found advantageous to follow another way, suggested by Thomsen,
who ProPosed to introduce first two main enerdy forms - kinetic
and potential energy (1n fact accesible fecem  everyday
observations for everyone), and consider all other energy Fforms
as names for different combinations of those two (9]. It seems
to us that using microcomputer, we can significantly increase
didactical value of Thomsen&suggest:on, by direct measurements
of the potential and kinetic energy values in suitable
experiments and 4Qquantitative studies how thege enerygles
transform into each other (in order to ‘“rediscover” of the
energy congervation principle).

11. COMPUTER AIDED EXPERIMENTS

Computer aided education has been recognized for a number
of vears (10-14). but 13 only now beginning to be fully
exPloirted. Especially, the use of microcomputer as an universal,
didactical jaboratory aid is starting to grow rapidly in the
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last years (15-26], Recently. in the Paper on: "Using Computers
1n Teaching Physics” the authors J.M. Wilson and E.F. Redish
are saying: “Computers can revolutionize not only tha way we
teach physics but also what phyc we taach" {27]).

To couprle the Polish school type tomputer. provided with Z80

microprocessor. with different laboratory instruments. a g1mpla

and cheap interface have been <constructed. With appropriate
BASIC and machine code software we can carry out the data
acquisition and reduction or demonstration of many school
Physics experiments. such as: air track exPeriments. Galileo
experiments (motion of falling body and Pendulum motion}.
acoustic experiments (including mesurements of gound velocity in
different materials., Doppler frequency shift and demonstration
of acoustic field Phenomenal. motion investigations by
supersonic detector. radicactivity measurements and So on.
Designing all these comPuter aided laboratory experiments we are
having in mind the pPossibility of illuminating torics that are
often difficult to students (or secondary school Pupils). when
presented in more traditional ways [28]).

We would like to present now two SimPle computer aided
laboratory experiments. which we believe., are particular!ly
suijtable to introduce the energy concept. and to emphagize the
most important (fundamental) element of the traditional physics

course - the conservation of energy principle.

When Galileo attacked the Problem of motion of falling
bodies. he sought to find a simple relationship connect 1ng
quantities he could measure. By dropping objects of different
weights from high Places (though probably not from the Tower of
Pisa as legend would have it). Galileo quickly concluded that
the weight of an obljiect was not a factor in itg falling motion.
Galiseo began his quantitative experiments by rollang balls down
inclined Planes. In this way he was able to “"dilute” the effect
{gravity) that produced the motion of a freelY falling bodyY
whoge motion was too rapid for him to make accurate
measursments. Because he lacked a clock to measure the ghort
time intervals involved he 1invented a water clock for the

Purpossa.
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it apprears to us that we can teach a great deal of physics
and the scientific methods as well. following Galileo reasoning
and repeating his famous "free fall” experiment Jjust on the
class room table. having a handy microcomputer. Besajdes the
computer, hardware 1nvolved in this exPerimoent includes
electromagnet. which can hold steel ba‘'l {(from the ball
bearing), piezoelectric microphone., placed on the table and
rather simple interface. which can in the given jinatant release
the ball ané record electric Pulse from the microPhone, when
free falling ball hits table surface. The height of tne free
fall can be varied with accuracy of 0.1 mm u?ing suitable height
getting micrometer. The general view of the measuring device we
can see 1n Fig.l

' pE kP ey
e e e w= e
|
- .

L
-

Fi1g.1. The picture of the microcomputer based Galilso exPer iment
device

It 15 interesting to note that using internal computer clock as
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a time refersnce, and with Some care, it 1s possible in this

experiment to measure time with accuracy better than 0.1
milisecond. that is more than three orders of magnitude better
than Galileo diad, using his wvery ciev water clock,

Having gsuch a conven;ent measuring instrument we
can easily rediscover the Galileo's free falling bodies law. All
the meéasured values of height. time and final velocity are 1n
the real time displavyed on the screen during the experiment and
futhermore we are gathering all of these data in the memory of
the microcomputer. The above results we ars using for detailed
analysis. We are plotting the mean values of the experimental
points t as a function of height h in a few coordinates systems
and searching for a proper mathematical relation between them
first. Using the mathematical least-squares fitting method we
are deriving the parabolic dependence between the eXperimental
quantitiqs h and ti.e. h =g t2. and from this fit we are
obtaining the constant g - the earth acceleration value.

But now. wWe are taking the advantage of the accumulated data
for checking the energy conservation Principle for the frue
falling body or assuming this principle, derive the well Kknown

2 directly from the

formula for the kinetic energy Ekin' 1/2mv
experimental values ot b and %LM&' Taking into  account
theexperimental errors, for the same mass of body we are
obtaining equality between the products {g-h) and (v2/2)  with

the accuracy better tham 0.3 %; see Table below.

gh (mzfs‘]

10 142.53 140_32 98 .44 98.1

15 174.73 171.67 147 .35 147.15
.14 .29 196.20
.42 .13 245.25
.51 .05 294.30

By the way, because we are dealing with so great accuracy

of time interval measurements we can try to show to the
students what the. mathematical relation describing the

inatant ansous velocity v.= 1lim 4 x / A t meant.

i
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I1.2.OSCILLATION
The next devices with interesting possibility of

quantitative investigation of the energy conservation Princile
with aid of microcomputer are different oscillating systems,
e.g. a weight moving up and down on a sgpring., a small cart
swinging in the appropriate curved track. an

oscillating steel blade mounted in a chuck'or the best known
Pendulum motion system {16.20]. In all these systems “the work
is stored”, 30 their mechanical energy continually changes
between potential and kinetic energy and would be constant if
there were no friction.

Hardware used in this 1nvasti9ations' consist of SPECTRUM
type .microcomputer with interface capable to drive the low power
supersonic transducer. record gignal from corresponding
suPersonic microPhone and at the same time sense switch closure,
which begins and ends the data recording rua. With aid of the
machine code computer Program it is Possible to measure running
Pozition of the moving bodies with aczuracy of about lmm., taking
about 700 independent measurements Per second and store up to 20
thousand of data Points for single run. Duration of the
expPeriment 18 |limited essentialy by +*he available computer
memory to store instantaneous positions.

In all studied oscillating s¥stems lightweight sonic
transducer is attached directly to the moving body. Necessary
in this case thin signal carrying wires are integrated into
oscill lation system {in tho pendulum - used as the susPension) or

mounted in a way not disturbing the moving system itself.

this sXperimanial aslup we usw continuous uit{mom‘.c
fraquency of 40 LkHz produced by the transducer driven
interface. Relalive phase of tha signal recorded by
microphons daparnds upon the inslaniangous dislance betvesn
tramducer and microphons, L. w.~ phase is wvarytng by 2T wvhen tha
microphone 1s moving bY one qu.l-ngth.
The compulsr program samples a  signal from the microphone and
computlss the rtunming phase  with Ltk regsctution of 1.8 A, L.w,
abeut 1 mm  of distarce n our case. Elemantary phase computing
cycls  determitming  masximum  possible time resolution lasts 32 Hs.
Tha above pregram produces alsae "on line ™ graph of the
inistantaneous postiions and records results (1,3 tha memary at
Lime tnlervats mutiple of 332 ps.

BEST COPY AVAILABLE  © 3
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Actually, the measured quantity i1n these eXperiments is the
straight distance between the microPhone and ultrasonic
transmitter. Therefore for the oscillating gystems where
movement takes place on the circular path (pendulum., oscillating
steel blade etc.) measured values have to be converted 1nto
time. ¥, ¥ coordinates. But, with the aid of computing Power at
hand. this can be easily done with simple Prodram 11n BASIC,
taking into account geometry of the eXFerimental sSetup. With
some more calculations, the measured i1nstantaneous Positlons can
be converted into the wvalues of instantaneous wvelocity and
acceleration.

We can start with Presentation of results and thelr
discussion now. It 13 pogsible to displayY on the monitor screen
the values of the instantaneous Potential and kinetic enerdy and
ghow, that their sum stays constant (neglecting some
insignificant expearimental errors} throudh the oscillation
Pertod. but due to the natural damping proress 1t wi1ll slowly

decreasse 1n subgequent oscillatlon Periods.

ITT. CONCLUDING REMARKS

[t seems to us that some didactical advantages of presented
here quantitative aPPrcach toc the question of enerdy are
following:
1) The experiments attract students attention to the better

understanding of the well known everyday phenomena 3Such asg

free fall or bodies oscillating.

Energy. as a directly measured quantity 18 a concept which
can be more easily dgrasped by Yound students inind.

This may be especially true 1n case of the expession [or the
kinetic energy (Ekln- 1/Z2 m vzl. which 1s usually i1ntroduced
onlY theoreticaly by the formulas manipulation 28].

Due to the use of microcomputer, faat experimental data
processing along wlth capabllity of the immediate and clear
digplay enables some 1nquiring students to  “rediscover”
enerdyY conservatilon Princikle from the real observations.

The above computer ailded experiments may acquaint students
with the scientific methoed of 1nvestigations and help to
stress the role of the appPropPriate experiment 1n process of

veri1fication of the Physical theory.
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THE NEW YORK STATE
STUDENT ENERGY RESEARCH COMPETITION

John D, FiztGibbons ~ Joseph Drenchko
Cazenoiva Central Seliool - North Syracuse Central School
Cazenovia NY, USA - North Syracuse NY, USA

Each year science teachers in the state are notified of the competition and invited 1o ¢ncourage
students to compete for funding, OF course, many tcacher and swdents arc aware of the
competition and start to prepare for it well in advance. A few students subnit projects which build
on their work of previous years.

The competition is oped to individuals or teams of two or three. Three pape project proposals are
submitted at the start of the school year. These outline the project and each project leam may
request funding to purchase supplies and equipment not easily available in the schools. Upio
$500 is available for each team. Not every team requests the full amount. 1t is not uncommon for
teams to request less than $100 and in a few cases, no money has been requested. There is no
provision for cost overruns!

A panel of judges from the Energy Authority/Energy Office and educalors rale the projects. About
100 projects are sclected during this first round. The students work on their projects during the
school ycar. Students are required to file interim progress reports so that potential prablems may
be detected early. In May the students bring their projects 1o Albany for the Competition. Travel
expenses for the students and their advisors are paid by the Authority.

During the first day in Albany, students set up their projects in the convention center in Rockefeller
Plaza. On the second day, each project is rated by six judges. The judging panels include
scientists, engineers, educators, and staff members from the sponsoring offices. Generally, the
judges first do an informal survey of all the projects to acquire an understanding scope and level of
competition. The students then present their projects to cach of the six judges.

The judges rate cach pro;cm on a weighted scale covering such aspects of the projects as: research,
understanding, organization, and presentation. Judges are provided with specific instr ~tions for
raling the projects. Winners are determined on the basis of the highest combined scores. During
the judging, the student’s teachers arc taken on tours and participate in workshops. The students
are on their own. We have served as judges for a number of years and have noted a steady
increase in the quality of the projects. The task of s¢lecting the best has become more difficult.

On the final day of the competition a formal awards ceremony is con(-iuclcd. Prizes for the first
three projects in each category are medallions and saving bonds of $100 -- $300. Provision is
made for the awarding of duplicate prizes in case of ties and special awards if warranted. In

addition, the students select projects for a set of peer awards which consist of savings bonds and
plagues.

The organizers expend a great deal of cffort to make the trip to Albany a pleasant experience for the
students and teachers. They are housed in nice moiels, well fed and entertained at a pizza/disc
jockey party. Each participant receives a Round | award certificate and a t1-shirt with the

compenll$ logo. An important goal of the sponsors is 10 make the event a posilive experience for
all involvi
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A survey by the of the winning project titles related to aliernative encrgy since 1983 shows threc
catcgorics which have attracted the most attention by students: improving efficiency, solar energy,
and biologically based energy resources. This information in summarized in the (able below.

CLASSIFICATION 1983 1984 1885 1986 1987 1988 1980 TOTAL
CHEMICAL 0 1 1 1 0 3 1
EFFICIENCY 4 5 H] 7 5 6 3
BIOMASS 4 1 4 2 3 3 2
SOLAR ] 2

1 0 1 1

o 0 1 1

Energy Categories of Winning Projects

Of course, some projects, suchas solar collectors designed o improve efficiency of collection,
better windmills, and resource recovery overlap categories making classification difficult and the
scheme somewhat asbitrary. Biomassincludes ethanol production and resource Tecovery.

EYALUATION

In 1987, Mary Jean Frank of the Encrgy Authority, conducted a survey of more than 620 students
who had participated in the Competition. About 30% of the advisors sent surveys responded. This
section contains some of the resulls of that survey.

Nearly three-quarters of the students contacied were attending four year schools. Rensselaer
Polytechnic Institute, MIT, and Cornell lead the [ist as most frequently aticnded schools. Eighty-
three percent of the students reported that their participation in the Competition had "some"” 1o
"strong” cffect in encouraging them to leam more about energy research and development, The
survey indicated that the sense of accomplishtnent in having their work recognized and the
opporunity 1o mect students from other parts of the state were the mast rewarding aspects of their
participation in the Competition. Actually carrying ont their project taught them the most about

taught them the most about energy rescarch and development. About half indicated a continuing
interest in the field.

Teachers responding Lo the survey indicated that students, teachers and periodicals were the most
frequent sources for ideas for projects. Most of the students preferred to work in tcams. The
amount of time devote' to the projects varied a great deal. The table is a summary of the times
reported.

100 + hours
g1 - 100 hours
61-80 hours
41 -60 thours
21-40 hours

RIC




The New York State Student Energy Comnpetition is sp »d by the state inergy Office and
The New York State Encrgy Rescarch and Development Authority. The niission of the Authority
is 1o develop safe, dependable, renewable, and cconomic energy sources and conservation
technologies for New York, To this end the Authority sponsors third-party energy research,
development and demonstration projects. Mosl of the funding comes from an assessment on sales
of electricity and gas in the state.

A staff member suggesicd a student energy competition as a new and innovative approach 1o
fulfilling the Authority's mission. The competition is designed to:

*  Arouse the interest of students, 1eachers, parents, and administrators in
Ncw York's energy problenis;

+  Get students to develop innovalive solutions 10 these problems;

* Spark student imerest encrgy research, devclopment and demonsiration:

* Give studcnts experience with research in competing for limited funding 10
c.1ry out their research.

Response o4 survey conducted by Mary Jean Frank of the Authority and the writers cxperience as
judges at the competition indicate that these aims are being met.

In the past eight years hundreds of secondary swudents in New York State have 1aken advantage of
the opportunitics presented by the Swdent Energy Rescarch Competition. There are many
indications that the goals listed above have been met. Over the years the writers have noted a sicad

_ increase in the guality of the projects. The Competition provides a useful model for others wilﬁ
sirnilar goals. For additional inf srmation contact;

Ms Mary Jean Frank

New York State Energy Rescarch
and Devclopment Authority

Two Rockefeller PPlaza

Albany, New York 1223

USA

Sourcgs
Frank, Mary Jcan. New York's State's Student Energy Rescarch Competition, Unpublished paper

presented to the American Chemical Socicty, Now Orleans, 1987.

. Results of a survey, 1987
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SOLAR AND WIND ENERGY SIMULATOR

Atsu Manabe - Yayoi Yainane
Ube College of Technology
Tokiwadai, Ube 755, Japan

Solar cnergy and wind energy are interesting topics Ln physics
education because they are familiar in our life and because they
arc investigated as those of future energy sources.

Main  problems to utilize these large amount but dilute energy
are how to collect. convert, store and cousume them efficlently,
in other words. to develop optlmum systems for any purpose at
cach region of the world. Taklng into account of thls sltuation,
we think that we can add some abundance and functionallty to
cneryy educatlon, where enerd¥ forms and thelr conversion
phenomena have been concentrated on mechanlcal and thermal ones
in d¥namics and thermo-dynamics.

The solar and wind enerdy slmulator Is a computer simulatlon
program for indlvidual experlmentation and study. small group
w0k or ctassroom competltlon. Our doal Is to make a
“tnvestigating environment” that Includes several tools for
students to observe and evaluate these energy and to make
simuiation cxperiments desldgned by themselves,

Structure of the software

The solarr and * wind enerdgy simulator works with the real data.
These were measured in every minutes and recorded in the form of
acan or sum at every 30 minutes In Ube Collede of Teehnology
(North  Latitude 34) for sl¥ ¥.ars. These data include tiw |tems
a5 fol lows.

solar energy density for horlzontal surface (w}I/mz
1bid. for trlted surface (typically 34 dey., to ground)-(uli/m*
wind velocity

wihd direction

wind energy density for wind facing surface

electric energy converted by a solar cell with 0.565 m -={Wi,
1bhid. by a wind turbine with two blades of 1.8 m diameter -(Wli).

Using these data. the Insolation on arbltrary tllted surface
and the g9encrated elect: ic cnergy from solar cell Panels and/or
wind turblnes are calculated for condltions setected or decided
by the nser. such as the energy conversion efficlency and the
tilt angle and the area of the collectlng surface.

Start:ng the Program. students are Invited to Just the Present
hour, day and month of last Year. The solar and wind data
together with the approximate posltlon of the sun  are displaved
in the sereen as shown tn Flg. |, This is the “Observing” part,
The time proceeds and the data wil! change. Thev can change the
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PART 1 : OBSERVATION of Solar and Wind Energy. 30 min. by 2 secj

solar power (W/m"2) =
wind velocity (m/3} =
vind directlon (deg) =
wind pover (W/n2} =

1988 &8 25
30

E

w‘ SIS W INNN—
KEBHATS "

[[OBSERV 2:MEASU B:EFFIC 4:5YSIE 5 6-5etTl 7-FAST 8-500W 9-HELP _10-QUIT |

Figure ! Display of "Observing" Part by PC9801 1640x400}.

speed of the clock and the working time throughout the software.
_They are requested to 2xam!ne and evaluate the available solar
and/or wind energy as a enerdy resource and to desldn 3 useful
system that converts these energy to electricity using solar
cells and/or wind turblnes.

The program has the four parts that have common time to proceed
and can be transferred between them at any time by a Function
Key, as follows.

F1 -- PART1 Observatlon of Solar and Wind Energy

F2 -- PART? Measurement and Analysis of S and W Energy
F3 -- PART3 Efficiency of the Energy Conversion

F4 -- PART4 Design ¢of Energy Conversion Systems

F6 -- To chanye the starting time of experiment

F7 -- To make faster scanning of data
. F8 -- To make slower scanning of data

F9 -- To see the Help Documents and Graphics

Fi0 - To quit the program

The “Measurlng" part provides students a graphic tool that
presents the energy data as they want. They can select several
optlons such as the ltem to be meaSured.the area and the tilt
angle of coitecting surface, the scale of X-axls (perlod) and ¥-
axls, the wldth of vlewport, and the symbol and color of
plotting. This means that they must have any ldea how to 9drasp
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MEASUREMENT and ANALYSIS of the Energy 30 min. by .1 sec,

W/m"2 Scolar(Hor.) and Wind Power 1988 9 12
5 - vellow W - cyan 5 3¢

JUSSERY ZTHEAST JTEFFTL 4 TSYSTE B G-58tTT 7-FAST B-SLUW 9Y-HELF 1U-QUIT])

Flgure 2. Display of "Measuring® Part, an exawmple,

and evaluate the amount and varlation of the amblent energy. They
can also draw the energy varlations averaded dally or monthly.
Flg. 2 shows an examPle of the display.

The "Efficlency” part s deslgned to treat the energy
conversion efflciency. In the 'present version of the software.
twc experimental results are shown. One 15 the conversicn
efficlency of solar radlation to electric energy by a cry¥stalline
51 solar panel as a functlon of Input solar power. The other s
that o©of wind kinetic energy to electric energy by a two blade
wing turbine with a D.C. generator as a function of the wind
velocity.

In the "System Desi{gning" part. four steps of sub-menu will be
presented to students as shown 1In Fig 3. A& energy conversion
system 15 designed Dby their selections or declslion makings and
a simulation experiment for thls system will begin wusing the
time series of real data described above. Durlng the slmulation,
students cobserve how thelr system works as shown in Flg. 4.

How much electric enerygy 1s generated and how much 15 consumed
effectively 7

llow much 15 wasted as overflow energy In storage battery andrsor
how much 15 the shortage for the energy demand In thelr system?
How does the sltuation varyY dependlng on the season In a Year?
Some students wlll modify their system design and others wlll go
back to "Measuring®” or “Efficlency® part to study more about the
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|PART 4 pesign of ENERGY CONVERSLON SYSTEMS 30 Aln. by 2 sec]

T THE AIM OF UTILITY B

T T DETAILS oF THE UOTILITY Py ]

e THE ENERGY SOURCES e l

[LETTe pesi9n of Solar System LELEE TS

1.50lar Cell Type(Eff X): Almorphous 5X%) Ctrystal 10Xl S(peclal 20X) (
2. Area of 50lar Cell Panels ( »*2 )

3. Tilt Angie of Panels to ground ( degree )

4. Battery Cabacity ( KwH )

5. End of declsion Making and Start the Simulation

6. Cancel and Return to Previous xenu.

D0 X M X &N -

M

.
o oMM MKW N —

SELECT No. (pPush returni? 6

Figure 3. The sub-menu serles In "System Deslaning™ part.

characterlstics of the amblent energy.

ovement

In 1986, the Internatlional Conferencz of Physlics Educatlon wTi
held In Japan for the fIrst time. In thils Conference, G. Marx
has sald that really important ideas of sclence are not Lhe
elements of scient!flc knowledge but are deeperr ones, that are
concePts such as Observation., Measurement, Experiment, Frame of
reference,---,Handling energy/lnformation,~---,Losss/efflclency,-~-=
---yRisksdecision and so on. He has also sald that Lthese
orlentatlonal skills are surely needful for all young people.

Uslng the computer, the abundance and complexlty of nature can
be work as a good teacher for students to learnh such concepts (to
say nothlng of sclentlsts). However most Important will be how to
use a software and how to imProve it for the purpose and method
of education.

Although our exPerience wlth students 15 not suffictent yet, we
have ndny lmportant suddestlons.

The dlrect dlscusslon or the communlcatlon through letter
between students or between teacher and student will be necessary
and very effectlve In using the educatlonal software. In our
software, the student's aim, mcthod and results of hls experliment
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LEFRT 4 Deslgn of ENERGY CONVERSION SYSTEMS 30 mln. by .1 sec4

wuss QOPERATIONAL STATE OF THE SOLAR SYSTEM ®RmRm

I. LIghting for a classrooa. 1968 4 20

13 0

Electrilc Power of C1E ]
Generation ---- 1,18 KW Passed Days 11
Consumption --- 1.00 Kw oL

Battery State . 0%) Stpeclal 20%) (
Char9lng Rate ---- 79 --=-= 20
Charged Energy 8 ---- 34

-—== 10

Accumulated Energy
Generatlion ----
Consuaptlon ---
Qverflow
Shortage

{UBSERV ZTMEASU 3 EFFIL 4TSYSTE 5 B5-5etTT 7-FAST

Flgure 4 Slmulation Experiment In Part 4.

are deslred to be recorded In a diskette and to be used by
students and also teachers,

Some students wlll want to modlfy or to add new functlons to
the program. We are 1nt35?sted In the method of Shell Program
Introduced by J.5. Risley In North Carolina State University
ftU.S.A.) that offers students the opportunity to write the few
lines of code. Uslng this method in our software, students can
realize their 1dea, for examples, to make the averaging, the
frequency distribution and the correlation of the data. Ancther
method 15 a set of -tools that slmplify tasks freduently used with
a large amount of efforts for students. The Maryland Unlg?rslty
Project 1In Physics Educatlonal Technology ( MUPPET ) has
developed the data-input tools and the graphlc tools. The latter
allows students to plot data by lssulng a sinyle command and/or
to control the graphlc environment wlth commands for scallng,
clipplng, and adjustment to screen cooralnates. The programping
language they selected |s PASCAL. We have also made the grarhlc
tools Just like those of MUPPET. using a structured BASIC
tanguage. The other tools we developed are the menu tools that
can be used by single command to display two KInds of menu at any
position In graPhlcs with optional number of [tems. One 1s the
menu to select a |tem number and the other to select ftems and
Input numerical data or letters, They are convenient to make and
to control the program flow. We think that the soPhisticated
student can wrlte hls program uiing these tools.

13
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To Increase user friendlliness, the help menu tc open useful
documents and Interesting graphlcs 1s necessary to full up.
In the present version of our software, a few !s |Installed
inciuding the block dlagrams of experimental setup. the elevation
and dlrection of the Sun (for Inputted Latitude and Date)., solar
power on arbitrary tilted surface and the graphics showing the
principrle of solar cell.

Other obvious improvements are to Introduce a economical
evaluatlon of the systems desidgned by students and to use the
data of the solar and wind enerdy In other regions of the world.
The former will be rather easy but the latter dlifficult. One
solutlon 15 to make the time series data of them by a
stochastlie model using the seasonal variation and diurnal
varlation of the mean values, their standard devlation and
correlation., 1f they are avallable.

Flnally., We hope that students will learn about the amblent
energy and 1ts phenomena and that they will acquire desirable
s5kills such as oObserving, analyzindg and declsion making skills.

Ref erences
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2. J.S5, Risley, "Using Physics Courseware”. Phys. Teach., 27.
188, (1989).

3. J.M, Wilson and E.F. Redlsh, "Using Computers in Teaching
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SOLAR ENERGY EXPERIMENTS

0. Kedem - U. Ganiel
Weizmann Institute of Science
Rehovot, Israel

Measurement of the Power Density from the Sun

This is a very simple, calorimetric setup for the measurement of the power density
reccived from the Sun. The setup is depicted in Figure 1. We use two identieal rectangular
aluminum blocks [1] {2 x 2.5 x 4 cm). A hole iz drilled through cach block, and' = resistor
{2] (1022, 2W} is embedded in the hole. The block is mounted on a styrofoam base, and
both blocks are mounted on & solid strip, from which they are islated by their bases. A
second hole in cach block is filled with plasticine and a thermometer [3] is pushed into it,
so that isin good thernial contaet with the aluminium block. The upper face of each block
is blackened using sool from a candle.

Directly above cach block there is a screen [5] made of a rectangular piece of styrofoan,
with a removable part directly above the block. A thin rod [4) is mounted on the solid
strip holding the blocks, perpendicular to it, and is used to ensure that radiation will hit
the black surface at normal ineidence.

Figuee 1
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The measurement procedure proceeds as follows:

a. One of the covers is removed, exposing the surface under it to radiation from the
Sun. Students watch the temperature rise as measured by the thermometer. Typically, the
temperature rise observed is 6-8°C. Once the t- = rnerature is steady, dynamic equilibriuin
has been reached: the energy absorbed during am interval at the surface equals the
energy lost by the blocks by all loss mechanisms. (The main loss mechanisms are radiation
and convection by air at the surface of the block. However, none of the details matter for
the purpose of the experiment.)

b. The second block is shaded from the sun by the cover above it. The resistor
embedded in the block is connected through (three 1.5V batteries are appropriate) and the
clect ric current causes heating of the block. By changing the current with the rheostat, and
noting the temperature of the block, one can easily reach a situation where the temperat ure
of the block is equal to that of the other block, and remains constant. Hence. steady state
is cstablished here too. One now records the voltage across the resistor (V) and the current
throughit (1). The loss mechanisms in both blocks are identical, so the rates of energy loss
are the same for both blacks. Therefore, the power inputs into bothi blocks are also equal.

. The equality of bath input powers yields a direct measurement of the solar radiation
power hitting the surface. We have: P = VI for the power dissipated in the shaded block,
and t his equals the power absorbed fron the Sun by the other block. The irradiance {power
per unit area) is therefore E=VI/A where A is the area of the exposed surface.

It can be scen that the measurement does not require information about mass., specific
lieat. resistance, heating rate, andfor cooling rate. The only data required is the arca af
a rectangle. the current through and the voltage across a resistor and two temperature
readings.

As an educational bonus the students study and understand a fundamental concept
used widely in physics, chemistry and biology: the cancept of steady sdefe or dynamic
equilibriumn. A detailed deseription and some experimental results can be found in a
previous article!.

A Model of a Solar Pond

Sclar ponds are an effective means for the collection and long term storage of solar
encrgry for power production?™*. The operation principle of the pond is simple and very
clegant.

A salinity gradient and consequently a density gradient are present in the pond. Solar
radiation is absorbed, and partially reaches the bottom of the pond. In a pond with
uniform salinity, convection in the vertical direction will result and thus the lieat will be
transferred back to the atmosphere, In the solar pond, the density gradient prevents il
vertical convection, and energy is accumulated in the lower layers of the pond.

When operated properly, the energy may be stored for weeks and months, hecause
the only losses are by heat conduction, and water is 8 poor heat conductor.

The encrgy can be extracted by recycling the hot water from the low layers through
aheat exchanger.

Our 1nodel consists of two transparent plastic boxes. The dimensions of cacl box are:
30 (W], 40cn [L]. 40cm (H|. The bottam and the walls are insulated with 5cem thick
styrofoam boards. 4 Scm wide styrofoam strip is cut out from one of the walls and three

6
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Figure 2

holes (D=201nm) are drilled through the strip and the wall at the top. the middle and
the bottom. Thermometers niounted on suitable ruhber stoppers are loeated in each hole
(Fig. 2).

The ponds are mounted in an open place, free of shadows. One of the ponds is labelled
"EXPERIMENTAL" and the other one "CONTROL".

The solutions contain rock salt {NaCl) and a small amount of Copper-Sulfate {CuS0O,.
5H;0). The fun<tion of the Copper-Sulfate is to create a colour gradient commensurate
with the salinity gradient. As it turns out. it is also useful in preventing the growtl of
algae.

The "CONTOL™ pond is filled with 48 liters of a uniform solution containing 7200
grams of rock and salt and 22.5 grams of Coper-Sulfate,

The "EXPERIMENTAL" pond is filled with 10 layers of decreasing salt concentrations
{bottom-highest concentration). The composition of the layers is given in the Table The
solutions are poured inta the pond very slowly, on a flloating board, in order to prevent the
layers from mixing.

Measurements:  The temperatures of the two ponds are recorded by the students
several times per day during 10 days, and are plotted on & graph. The gradient in colour in
the experimertal pomd and the difference between the ponds can e ohserved by removing
the styrafomn strip,

RIC
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Volume {I)

CuSO, (g)

4.8

45

48

4.0

48

35

4.8

30

4.8

25

4.8

20

4.8

L5

+.8

1.0

48

0.5




The temperatures in the different layers of the "CONTROL" pond are uniform and
students can observe that the heat absorbed during the day is lost during the night. On the
other hand the temperature differences between layers in the "EXPERIMENTAL” pond
increase daily until a steady state equlibrium is achieved. in an experiment conducted in
Rehovot, Iscael, we recorded 18°C to 22°C (at noon, in April) in the upper layer, and 55°C
in the lower layer, after seven sunny days.

In the experiment performed in Balaton during the workshop; we recorded 13°C in
the upper layer and 18°C in the lower layer after only two days of cloudy skies.
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Appendix
A series of short experiments are performed in class, as a demonstration of the physical
principles involved in the operation of the salar pond.

1) Density differences befween salt soluttons and water. Two test tubes arc half filled
with water. Two test tubes are half filled with colored. concentrated salt solution. Pour
water slowly with a pipette over the salt solution. Pour salt solution slowly with a pipette
over the water. Record vour findings {Fig. 3.)

Figure 3

2) Is watcr a good heat conductor? Propare a test tube filled witn tee. Heat the 1pper
part of the tube with a bunsen flame until the water boils. Record your findings {Fig. ).

Hold a test tube filled with ice. Heat the lower part of the tube with a bunsen faune wail
the water boils. Record your findings (Fig. 5).

Figure 4
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Figure 5

3) Conveclion currents. Fill a test tube with concentrated salt solution. Put 2 or 3
sl crystals of Potassium-Permanganate {KMnO,) into the salution. Heat the hottom
of the tube gently. Record your findings (Fig. G).
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4) Heaf conduction in a solufion with layers of different densities. Fill half a test tube
with concentrated salt solution. Pour water slowly with a pipette over the salt solution.
Put 2 or 3 small crystals of Potassium-Permanganate (KMnQ,) into the test tube. Heat
the bottom of the tube gently. Record your findings (Fig. 7). -

Figure 7
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RADIATION AND OURSELVES

Tae Ryu
Physies Department. Sophia University
Tokyvo 102, Japan

I. Physics Classes of High School in Japan

First, I would like to describe briefly physics classes 1in
Japanese high schools using 1Tlustrations by Mr. Xouji Okumura, a

physics teacher (Fig. 1}. Mr. Okumura 1s a member of the Aichi and
Gifu Physics Circle, which 1s one of the most active groups of high
school ©physics teachers''® . This group 15 developlng a new

physics course 1n which students are able to enjoy doing low-cost
physics experiments. However, the membership of such grcups 1s
guite low, and most physics teachers seldom teach physics 1n an
enjoyahble way. The number of students who take physics courses 1in
high schools has heen decreasing and ncew stands at less than 30 % of
the present high-school age generation (94 % of which go to high
school 1n Japan}). As a rule, physics teachers and professors
prefer teaching physics to future physics department students and
not to non-science students. However, physics students wmake up
cnly 0.1% percent of their generacion 1n Japan (Fig. 2}. As the
influence of physics on society increases with the development of
technology, we have the responsibility of making the study of
science relevant and enjovable to all citizens.

NG PHYSICS  CLASS

HIGH SCrtcL.  PHYSICS
CLASS  20430%

UMy, PHYSICS
STUPEATS 0t5%

PHYSICIST 0.0207 )

FASOY
SHY5ICS)

F19. 2 High school students in Japan
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IX. Radioactivity and Physics Education

One hundred years ago no one knew of radiocactivity. However,
today all people on earth are exposed to the danger of radiation
from a possible explosion of nuclear weapons and leakage from power
plants. In Japan, the number of nutlear power =stations has
increased rapidly from only one 1n 196% to thirty-five in 1988 (Fig.
3), an increase accompanied by debates betwuen the proponents and
the opponents of nuclear power. As a rule, 1n these debates, the
government and the electric companies emphasize the safety and the
economic benefits of nuclear power, and citizen groups on the other
s1de the dangers. I think we Japanese people are irrationally
afraid of radiocactivity, because of Hiroshima and Nagasaki. we
lost relatives and friends because of atomic bomb not only during
the war but also in the last few decades through leukemia (Fig. 4).

= 13
Operational and under construction

Operational n. -

Number of reactors
2

1565 &% 1076 57y [ [T -
Year

Fig, 3 The number of reactors of nuclear power plants in Japan

. |
1, o . Distance from ground zero ¢ 2Zkxm

1n Hiroshima

Persans/0. 1Million

Hireshima

30 150 14y

Fig. 4§ The number of persons dead by leukemia per 0.1 million
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However, most people have no scientific knowledge of radioactivity,
although the general interest :n radicactivity and radiation has

increased since the Chernobil accident of 1986, Yet Japan, unlike
Europe and America, offers its students little chance to study
radiation 1n science courses (Fig. 5) ¥ -*'!: Even students 1in
university physics departments have little knowledge of

radiocactivity in its relation to daily life and social problems,

I believe that i1t 1s our duty as physicists in order to keep people
healthy and to preserve the environment, to teach everyone what
radioactivity 1s and how 1t affects the human body.
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F1g, 5 An example of pages on radiation from a physics text-book

I have been teaching radiocactivity to non-science students 1n
universities and junior colleges for fi1fteen years. (Japanese
university students, like American university students, have both
major and minor subjects.) My "Physics and Society” course at
Sophia University 1s quite pepular among students, and they are
especially fond of group discussions. From the comments and
opinions of students, I have come to understand the thinking and
interests of non-science students, especially the ways 1n which
their thinking and i1nterests differ from those of scientists. I
wrote “Radiation and Qurselves”' ', a booklet (F1g. 6,7) for non-
science students which was published this February and used 1t as a
textbook 1n my "Physics and Society" course. L.ast year, I made a
seri1es of NHK T.V. programs titled “The Structure of Matter" for
high school students i1n Japan., It consisted of a seri¢s ol five 20-
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minute lectures - “Structure of Matter" “Electrons” "Structure of
Atoms”, “Radiation” and “Nuclear Fission” in all of which computer
graphlics are used. I have edited many video tapes of TV prograns
for use as teaching aids 1n the course. The content of such
teaching materials 1s quite aifferent from that of traditional
physics - lattle mathematics, many illustrations, and an emphasis on
relevance and application to society. I would like to report on my
experience teaching this course, using 1t as an example of a course

which non-science students prefer to traditional ones.

1. The i1ntangibility of radiation 3. Interaction of matter and
radiation

1.1 Sense and radiation 3.1 Ionization by radlaéion

1.2 Atmosphere and radiation 3.2 Alpha-ray and heavy nucleus

1.3 Humanity and radiation 3.3 Beta-ray and light nucleus

2. Spontaneous emission of . The use of radiation in
radiration hospitals

2.t The nuecleus as a building .1 Diagnosis and radiation
block of matter

2.2 spontencous decay of the .2 Treatment and radiation
nucleus

2.3 Random and uncontrolled .3 The effects of radiation

emlssions from the nucleus on the human body

Fig. 6 The table of contents ‘of "Radiation and Qurselves"

How many atom: in a potato?
F11l 1n as many potatoes (53 34y
as possible. :

; z
It could be

equal to the

number
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I1II. Teaching "Radiation” in the Course “"Physics and Society”

The course is a general science education elective for non-
science students at Sophia University in TokYo and consists of one
35-minute lesson per week for one year (26 weeks). The topics of
the course are changed from year to year, 1n order to give attention
to current issues. However, five @main topics - enercgy,
radiocactivity, astronomy, computers, and bio-technology, have been
included for several years.

The aims of the course this spring term were:

1. To encourage students to understand radiation and 1ts effect on
the human body and humanily;

2. To encourage students to have an interest 1n science and to study
1t by themselves throughout their lives;

3. To encourags students to understand the relevance of science to
society and to discuss their ideas freely with others.

About 140 students have enrolled 1n the course this spring and 120

students submitted final reports {20 dropped out). These students

come from many ron-science departments lﬁ the four faculties of law,

ecenonlcs, literature, and fcreign language, and their grades range

from freshman to senior. At the beginning of the course, more than

half of the students are not interested 1n physics {(Fig. 8), and

their knowledge of physics ranges quite widely from a lower

sacondary school level to that of a physics department student.

Studied physics pidn't study physics Sum

1n high school in high school
Interest in physics 27 9 36
Ko 1nterest 23 8 41
Ko answer k] 9 12
Total 53 s o 89

Frg.B8 Students’ 1nterest in physics at the be9ginning of “he course,
April, 1987 -

AftLer Chernobyl, radiocactivity became the main topic which
students wanted to study (Fig. 9). However, more than half of the
students couldn't answer the question "What i1s radioactivity 7" at
the beginning of the course (Fig. 10), and radiation is even more
difficult for them to explain (Fig. 11, 12 ). At the end of the
first ternm, 3o of the students sti1ll could not explailin
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radiocactivity correctly (Fig.

13).

These students

had poor

attendance records and they dropped out of the course.

Toplcs Humber of students
17
13

4

Radicactivity
Astronomy
Energy,
Light

Computers

Enerqy resources

Atomic physics
Elementary particles
Gravity

Relativity

Fig. 9

Contents Number of students
Daily life phenomena

Relevance to society

Scientific thinking

Hew topics related to life
Practical aspects of =science
Relevance to citizens

Others

Topics in physics which students wanted to study at the

beginning of Lhe course, April, 1987

Correct answers
Emission power of radiation
Matter emitting radiation
Ambiguous answers
Disintegrated atom

6
24

Matter emitted by nucle. explo.

Hazard for humanity
Fig. 10 Answers to the question,
Is it different from
radioactivity ?
‘L1qht with radioactivity
Light
Radiocactive ray
Short wavelength ultra-violet
Generated by explosion of atom
Generated by nuclear fission
and fusion
I don't know and no answer

Fig. 11 "What is radiation 2"

April 1987 (Total number
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Wrong answers
Radiation
Nuclear power
Ho answer

I don't know

No answer

“what is radioactivity 2?*

X-ray

y-ray

y-ray

t-ray
tUltra-violet
Ultra-red
Neutron
Uranium-253

No answer

Fig. 12 Kinds of radiation
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Correct answéers Ambiguous and wrong answers No answer
Radioactivity 71 12 18
Radiation 18 5 18
Nucleus 18 5 18
Nuclear energy 87 3 11

F19. 13 HNumber of students who answered Questions at the end of the
spring term, July, 1987 (Total=101) N
The syllabus and the teaching alds used 1n the course this
spring term are shown in Fig. 14 and tﬁé content in Fig. 15. In
the first and second lessons, students are given the motivation to
study "Physics and Society”. After they have studied scientific
knowledge 1n several lessons, Gthey used it to discuss socilial
problems which they chose themselves. This year during the last
lesson of the spring term, I distributed copies of the paper "lUse of
Solar Energy™ by Professor Isao Oshida. profesor Oshida was the
first president of the Solar Energy Society of Japan and wanted to
write scirence textbhooks for children with me. Unfortunately, he
died last year. He said that all of the world’'s non-renewable
energy resources would be able to supply only two generations of
humanity. However, he noted, the earth receives plenty of
renewable energy from the sun (Fig. 16). "plantr -se solar energy
effectively, we must learn from plants™ he sa. . After each
lesson, each student must answer questions and write their comments
and opinions. They also have to submit reports of experiments and
a final report on “Physics and Society” with a note on their
impressions of the textbook. Almost of all students wrote that both
this course and the textbooks were useful to them, and about two
thirds of the students wrote that we must consider changing our
lifestyle in order to ensure the peace for people all over the world
(Fig. 17). The number of students 1s too large for participation
1n laboractory experiments or 1individual research experiments 1n
physics, and the lack of assistants and facilities keeps me very
busy . However, 1 am happy to know that students are eager to
study by fhepselves and enjoy debates using their new scirentific
knowledge. I believe that everybody should study science for
future_of sociely. Wwe must find a way to motivate our students and
we must create suitable teaching materials for them.
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The 1st lesson: Radiation and Atmosphere
Video: QOzone Hole and Greenhouse Effect
Student Experiment: Spectrum of Light

The 2nd lesson: Sensing Radiation
Video: American Soldiers and Nuclear Test 1n Bikini
Demonstration: Radiation and a GM-Counter

The 3rd lesson: Radlation and Nucleus
Video: Madam Curie
Video: Structure of Matter, Structure of Atonm

The 4th lesson: Half-life
Student Experiment: Half-li1fe Using Dice

The 5th lesson: Radiation and Matter
Video: Radiation
Demcnstration: 7,%.1-rays, a Cloud Chamber and a GM-Counter
16mm Film: Diagnosis Using New Technology

The 6th lesson: Nuclear Fission and Power Stations
Video: Nuclear Fissioen

Lecture: Talk by an Expert from an El - “ric Conmpany
The 7th lesson: Nuclear Fusion, Hydrogen Bomb and Renewal Energy
Video: Nuclear Fusion

List: Reference Books for Group Discussion

The 8th~10th lessons:1} Nuclear Power and Energy in the Future

2) Nuclear Weapon and the Reduction of Armament

Group Discussion: 1) 5 Groups A ~ E and 2} 5 Groups F ~ J

The 11th lesson: Nuclear Power and Energy in Future
Plenary Reports: 5 Groups A -~ E
Discussion
The 12th lesson: Nuclear Weapons and the Reduction of Armaments
Plenary Reports: 5 Groups F ~ J
Ciscussion

Fig. 14 The program of teaching "Radiation & Ourselves" 1n 1989
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I . Motiwvation to Study

practical Reasons  Students must want (Knowledge)
1. to protect their environment (spectrum, Light and Matter)
2. to protect their health .. ~-tection, Politics)

IIxTr . Study (=% A Science
Concepts (Works of Scientists})
3. Matter, Atom, Nucleus, Electron, Proton and Neutron
Radioactivity, Radiation {Rutherford, Curies)
§. Half-life, Probability of Decay, Statistical Prediction
-5, z,#,1, lonization, Absorption
6. Nuclear Fission, Energy and Mass, Chain Reaction
(Hahn, Meitner, Einztein, Fermi)
7. Nuclear Fusion, Solar Energy, Rencwable Energy
ITrTr. Application to Issues
student Topics Chosen by Themselves
8.-10. Group Piscussion, V1.,12. Plenary Discussion
e.g. 1) Peaceful Uses of Nuclear pPower
Debate about Nuclear power Stations
proponents and Opponents, Location of Nuclear power Stations
Waste, Safety of workers and public
Radiocactive Contamination of Environment and Foods
Comparison with Other Energy Sources,
Greenhouse Effect of Carbone Déoxide
Huclear Fusion, Renewable Energy
Economic, Politics, Quality of life
2) Military Uise of Nuclear Power
Debate about nuclear armaments
History of the Development of Nuclear Weapons
A Nuclear Deterrent, Nuclear Tests, The Role of IAEA
Nuclear Club, Proliferation, Nuclear Winter, Terrorism
The Responsibility of the Scientist
Three Non-Nuclear Principles (of not manufacturing,
not possesing, and not introducing nuclear weapons in Japan)
Nuclear Umbrella, SDI
Munitions Industry and Economics in U.S5.A.
Economic Crisis and Disarmament in U.5.5.R.
Internationgl Fconomics and Politics, Waste of Resources

Total Elimination of Nuclear Weapons

Fig. 15 contents of the Course "Radiation and Ourselves” in 1989
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ENERGY EDUCATION IN JAPAN
TRAINING ON ATOMIC ENERGY, AIMED AT TEACHERS

Masami Hirose, Yunichi liri, Kazutoshi Osaka, Toshikazu Shibata
Tokyo, Japan

I, Introduction

Japan is a eountry of scarce natural resources. Therefore, it has to depend on iinport
for the most part of its needed energy resources such as coals natural gas and so on.
However, it consumes a lot of encrgy due to the vigorous prodnction activities and to
maintain its people’s standard of living. and its energy consumption is the second largest
in the world.

lts task to obtain energy resonrces securely is exccuted successfully at present, and
Japan is rather uninterested in the energy consnmption issues. And the level of consunip-
tion still remains in incremental tendency. Once it fails to sceure the resources, on the
other hand. it has a tendency to easily fall iuto various social confusions. Tl oil crisis of
1972145 a good example of the tendency, when the people’s lives were shaken badly to the
extent to be called “panic”. Under those circumstances, many emotional discussions took
place to form the public opinions at the time, when was the first time energy saving and
new energy developinent surfaced as key issues. Thus, Japan scems to solve the energy
consumption related issues at the last motnent.

One of the reasous of the aforesaid conditions may be resulted from the lack of sys-
tematic and continuing education regarding energy issues at the school sites. In Japan,
a country of poor natural resources, energy cducation based on a systematic curriculun
from a global point of view should be planned and planted.

It is also essential to educate the people abont the way of thinking and viewpoint
in conuection with cnergy planning for the future. the way of balancing-securing natural
resources and conswnption and the ways of energy saving for it, and so on. That js; taking
int o consideration of naturnl resources, cuviromment or development of scientific teclinology
with global eyes, it shall not be emotionally one or the other type of education, but we
love to build up science education which allows people to judge issues from muiltilateral
and comprehensive point of view.

After the oil erisis. the objectives of our enecrgy policy are to deerease the dependency
on oiland 1o focus on deveioping an alternative energy, speeially the development of atomic
puwer generation. As a result, appoximately 30% of electric power generated in Japan
at present. i.e. one third of electricity. is generated by atomic power generation. Even in
Japan, however, the movement concerning pros and cous of atownic power generation has
hecome a big issue.

. Education on atomic power in Jnpanese schools

Six yems of elementary school and three yeurs of junior high-school are compulsory
in Japan. In addition, more thau 90% of the students go to high schools, therefore under
the present circumstances high school muy be called equivalent to compulsory education.

g7
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A course of study which is fegally set up by the Ministry of Education has control
over the contents which should be taught within the school education system. Therefore,
seeing the course of study would reveal clearly the contents of the school education.

The firat course of study of 1948 has been revised or corrected about ten year intervals
since then. In the year of 1963, description about atoniic power appeared mainly in text
books of physics and chemisiry for regular high-schools and of general atomic engineering
and radiation chemistry for techmical high-school. At the same tie a part of knowledge
concerning atomic power was taken into the courses of science and social science for juniar
high-schools. The contents or the giidance regarding atamic power so far have not been
systenatic and organized cnough. and it is not adequate for the complete educational
sysicrm.

Let's track down the trace of the progress to know the actual circumstances about
peaceful uses of atomic power in Japan. In 1955, the Atomic Energy Act was constituted,
and rescarch and development being limited to peaceful uses based on three prineipal rules
of independency, demoeracy and vpening to the public was commenced. In 1957, JRR-1
nuclear reactor for research use in Japan Atoinic Energy Rescarch Institute reached the
critical point, and thus the first atomic fire was lighted in Japan,

The first national nuciear reactor reachied the critical point in 1962. In 1965 the
Tokai Pawer Plant. the first Japanese industrial power plant, was constructed. Since
then utilization of atomic power generation developed steadily. In addition, energy policy
which@inphasized lessening of rate of dependency on oil and developinent of the aiternative
energy after the first and the second oil erises have pushed the development of atomic power
generation up further to the extent of its depending on atomic power generation by one
third of its electricity produced in 1986

III. Activities of Multidisciplinary-Edueational-Forum

Multidisciplinary-Educational-Forum, an education and research arganization, was
established in 1976 by Seiji Kaya, who was oue of tlie leaders in science education in
dapan, and others.

Wide range of knowledge fron: multiple and conrprehensive point of views extended
over present specified physics, chemistry, biology, geography, social science and so on is
required to solve multidisciplinary issues such as resources, energy, environment, fouds and
population. At present and in the future, scicuce and technology and social problems are
complicated and will be more complicated, and it scems that the education responding to
these issues will be required to chift the point of view to the great cxtent.

At the same time it is important to give nmltidisciplinary ¢ducation to children in
school age who will support the next generation. However, informnation presented about
these multidisciplinary issues through newspapers and other mnedia, being reflected diver-
sificd values and anxiety towards the future, is quite confused one.

Taking these conditions into consideration, we, Multidisciplinary- Educational-Forum,
provide occassions for fair discussion through research and traiming about how to pick up
and handle in the educational site these essential issues which Japan and the world would
not be able to avoid so that in future the children may think, judge and act according to
theire right sclection about these issues at their own discretion form the comprehensive
point of view. ’
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As the concrete outcome, we design, plan, and undertake a training session "Nuclear
Reactor Experimnent for High-school Teachers” and "Field Trip to Atomic Powet Plant”
and so on.

_These will become a desirable milestone in energy education system and will build
foundation for opinious based on an ubjective discussion.

This experimental train 1g se s1on on nuclear reactor is anned for writers of textbooks,
mainly highschool science te her: of physies and chemnistry, and teachers of other courses.
We consider it ancpochmaki  =ve : as all the participant teachers will lpad nuclear reactor
with fuel by themselves an 1 .ment and observe while experiencing the operation of
the muclear reactor, and th th e action they will look for a new dircetion of rescarch
and study centered on atorr 0w r as well as reaching to the essence of science education.

1. Organization and activities of experimental traning session on reactor
(1) Schedule and number of participants:

s Each session consists of three nights and four days.

s Number of training scssions hield so far 8 and the number of participants 150,

(2) Production of texthook

Research workers of Kinki University and Atomic Energy Institute organize project
teams in each field and produce textbooks. They tried to let the readers understand
without using munerical formulas.

(3) Main theines of the lecture and the contents of the experiment include the followings:
1) Details of the lecture at the training session

(i) Outline of nuclear reactor and its safety

(i) Physics of nuclear reactor

Details of experiment at the training session

(i) The critical point experinent

(i) Measurement of reactivity

(iii} Measurement of neutron flux distribution and estimation of reactor power
{(iv) Activation analysis of trace clements

(v} Measurement of dose equivalent

By learning these coutents of lectures and experiment items, first they are able to obtain
basic knowledge on nuclear reactor, then the outline of nuelear reactor safety, and under-
stand principles and rules of this physical phenomenon. In addition we believe that this
experimential training session, in which they actually measure and seck for the results at
site through the aforesaid experiments, will result in forming of scientific background and
understanding,

We use UTR-IKINISI nuclear reactor for rescarch, which uses enriched uranium and
the maximmn output is 1W. Among all the experimental items, the critical experiment
which is to add fucl gradually while estiinating the critical iass from the inversion doubling
degree to fuel loading calculated by using count value of neutron moves, trainees, and they

39
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all seemed to get quite nervous when the eritical point was achieved. Such experimental
training session anned at school teachers may be the first trial in the world.

2 Field trip to an atowmic power plant and s

We visit, three times a year, facilities of Atomic Energy Research Tnstitute m Tokai-
mura ot an atomic power plant for industrial use or other places as a field trip. Tea chers
from various ficlds such as science, social science and homemaking come aronnd, make a
discussion on atomic power and deepen the knowledge + £ atomic power.

IV. Conclusion

As mentioned above, we have continuously held the outlined training sessions, field
trips etc. since 1986. Specially, as for experimental training session on nuclear reactor,
cight sessions were opened from 1986 to today. The total number of participant trainees
in the sessions is ncarly 130, and they are persons fromn various fields including scicnee
teachers of high-school. science teachers of junior high-school. teachers of social science,
honemaking and so on. and faculty members of natural science and social science in
teachers's training colleges.

We consider that attending the training sessions, experiencing at the site from load-
ing fuel to operation of nuclear reactor and measuring various radiationswill give them
scientifically correct knowledge and understanding about atowic power.

Concerning issues such as atomic power generation, we hope that as the first step an
objective discussions, whcther it is pro or con, may be made. Of course it is not possibly
done in a day, but making an effort towards it is, we believe. the first step of the correct
understanding of atomic power, and we would like to continue the effort.

Nuclear physics is the totally unknown and inexperieuced field to and for teachers,
and we think our effort is an important trial to consider the essence of science education
in the rapidly developing society of science and technology.
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NUCLEZAR CONCEPTS
Candance D. Davisson
Pennsylvania State University

University Park PA, USA

Radiation, it is all around us from natural and Lechnological sources, The
characteristies of radiation, its interactions and effects are not typically covered in
high school and most college curriculum. By learning more about radiation, one
can bener understand its applications, risks and benefits.

The Muclear Concepts and Technological Issues Institute was designed 1o
prepare secondary science educators to teach the basicés of nuclear science. radia-
tion and applications. The program is offered through the Nuclear Engincering
Department, College of Engineering, as a special topics course (MUCE 4978) and
is hicld at the University Park campus of Penn State University. Participants
receive six graduate credits upon completion of the program, but more impor-
tantly, they have the opportunity 10 leatn both inside and outside the classroom.

PROGRAM DEVELOPMENT AND CRGANIZATION

The first Nnelear Concepts program was conducted during the suinmer of
1970. Initially the program was developed by the Penn State Nuclear Engincer-
ing Department with the Pennsylvania Department of Education.  The program
was expanded in 1974 to include teachers from other states. The program has
evolved through |7 yeurs of experience, evaluations and suggestions from teach-
ers atlending the institute.  Over 525 teachers have suceesshully completed the
Nuclear Concepts Institule since its introduction in 1970,

1

The program was organized by the faculty and staff of the Nuclear Engi-
ncering Department and facilitated by the Continuing Education St ff of the
Kcller Conference Center. Dr. Anthony J. Barana was the ’roject Director and
Faculty Advisor for the 1987 Nuclear Conceps and Technolugical Issues Insti-
tute. Candace Rusnak, Technelogy Education Specialist was the Programi Coordi-
nator and Laboratory Instructor. M. William Curley was the Continuiny, Fduca-
tion Conference Center Coordinator.
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The 1987 Nuclear Concepts Frograrn was bascd on the suceessful
elements of previous programs and turther developed with the ideas and sngges-

lions from past participants, This feedback was responsible for the increased
fecus on technological issues. This continuing evaluation pracess allows adapta-
tion 10 the constanily changing energy and ~tucational environmeit and ensures
that the progrant remains current and useful f.  rirticipants.

PROGRAM OVERVIEW

PR d Za

SElen
o 2
BT " gq

Information about the 1987 program was distributed by program sponsars
and by Penn Staie through newsletiers, publications and direct mailings to secon-
dary schouls. The four week long program includes an intensive background in
the basics of nuclcar science, laboratory experiences, field trips and discussions.
‘Ihe first two weeks provide instruction in radiation and alomic physics funda-
mentals upon which more complex issues can be intclligently discussed.

Participants received instruction in the basics of nuclear science, including
muclear models, Fadioactive decay laws, interaction of radiation with matter and
nuclear reactions. In addition, the teachers were given an introduction to health
physics and radionuclear applications. The basic principles of nuclear reactors
add reactor theety, fission and fusion were also covered.

Topics of interest were requesicd from participants before the instilne so
that guest sj. akers with the appropriatc background knowledge and expertise
could be contacted. The discussion and current topic sessions included encrgy
pverview, radon gas. mutation breeding, Jow and high level radioactive wasie,
epitlemivtogy, decormmiissioning. West Valley Demonstration Project . and the
TML-2 recovery program. Discussion sessions were more interactive this year
and included a “mock” pubtic hearing.

Labaratory expesience continues 1o be an important part of he prograin as
the tcachers were able to have the opportunity to work with radioactive materials
an . were able to participate in ncutron radiography and neutron activation analy-
sis demonstrations. Ten laboratory sessions were conducted over the four week
period. Muost of the laboratorics could easily be adapted to a secondary science
curriculam. A listing of laboratery cxperiments and objectives is provided in the
Appendix.
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The American Nuclear Society's Display entitled "The Atom in Every-
day Life" was available during the last weck of the program. The U.S. De-

pariment of Energy's display entitled 'Mamging ihe Nation's Nuclear Wasie”
was zlso available ducing the institute.

There were two field trips this year. One 1o 2 plant which uses radia-
tionin the processing of maierials and a 1rip to Three Mile Island Nuclear
Generating Station. The first trip was to the Perma-Grain woed-plastic proc-
essing plant. In this facility, gamma radiation from Cobalt-60 sources is used
to polymerize plastic which is ilmpregnated into wood. This wood product is
morte durable and is used for flooring in high traffic arcas such as shopping
malls, hospitals, airporis and other facilities. The tour of the £t demon-
strated the manufacturing of the product from start to finish.

The trip to the Threc Mile Island Gencrating Station provided an
opportunity to sce an operating plant (Unit-1) and also the recovery efforts at
Unit-2. ‘The tour guides were very knowledgeable in the operations of nuclear
planis. A package of slides and written description of each slide was provided
10 each teicher for use in their classroom. The slides were very useful in
showing the major components of 4 nuclear power generating system.

Participants werc asked tu complete a project based on a related topic
orissue. These projects could have been a lesson plan, unit or other type of
project which would be useful in the classroom.

.

PROGRAM IMPACT & EVALUATION

Although a large amount of information is presented in the program
and much work is required in classtoom preparation, testing and laboratory
write-ups, the Institute continues 1o receive positive evaluations. A large
majority of the participants claimed the program was wornthwhile and provided
thein with material to take back to the classroom. One of the participants
cummented that the program was the best and most comprehensive of any of
the scicnce institutes that he had attended. The progeam is also claimed by the
participants as onc which is nceded to fill the gap in nuclear scienee education
at the secondary science level. This claim is further reinforced by the evalu-
ation of curriculum materials®* by the American Nuelear Science "[eachers
Association, {*Nuclear Science Education Materials: American Nuclear
Science Teachers Association - Educational Materials Research and Evalu-
ation Commiitee Report). A 1985 graduaie of the Nuclear Concepts program
commented that the program provided a lot of quality information and that he
is stilt using the Nuclear Concepts materials in his elassroom.

Graduaies of the Nuclear Concepts progrmn organized their own
professional organization in 1974 calling it the Pennsylvania Nuclear Science
Teachers Association. The name was later changed to the Ameriean Nuclear
Science Teachers Association (ANSTA) and becomc affiliated with the
National Science Teachers Association and the American Nuclear Society.
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The teachers are invited to bring their students to Penn State's
Breazeale Nuclear Reactor for a day of experiments and instruction. The
possibility of studenl projects with irradiated seeds, fruit flics and ather itcins
is also discussed along with the availability of the Cobalt-60 facility. Most of
the items to be irradiated are shipped to the Cobalt-60 facility, irradiated and
shipped back.

The participants are also invited back W atiend in-service progranis.
some of which are held in conjunciton with the ANSTA annual conference. R
At this time, many of the panticipants provide feedback to exchange idcas with
the Nuclear Concepls staff and other nuclear science teachers, Currently the
ANSTA annucal conference is held during the first weekend in May. The
[987 progran' was held in Baltimore, Maryland and the 1988 prograni is
being scheduled near Cleveland, Ohio.

Many graduates of the Institute have assisted udlities in various public
education efforts. They may also be called upon within the local community to

conduct formal and informal education programis for teenagers and adulis.
Teachers may also be called upon within the local cducational community for
inservice programs.

CONCLUSION AND RECOMMENDATIONS

The 1987 Nuclear Concepts program was morc interactive thun niany
other programs in the past. This was due to the interest and participation of the
teachers and also of the presenters. The focus< on issues seemed to draw more
participation and this type of interaction should be further developed in future
institutes. The laboratory program reccived good mtings, however more can be
done to provide ease of use in the classroom, For those schools who do not
have the neccssary laboratory equipment, alternative methods of teaching such
as computer simulation need to be included and further developed. There

- were quile a number of cancellations by potential participants to the 1987
. program. In orderto ity to reduce that cancellation raic in the future, a deposit
will be required of all accepted applicants, this deposit will be Tetumed upon
particpation in the program. The Nuclear Concepts program continucs to he
rated by the educators that participate as a useful eductional program that
provides a unique opportunity for information and hands-on experience..

PENNSTATE
3 livernity Purk
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Laboratory Experiments,
Demonstrations and Objectives

. Familianzation with the Characteristics ol Geiger-Muller
Countung Equipment
To determine tha charactaristics of a G-M counter

To delermine the slope of the Plaleau and the operaling vollage for the
G-M counter

.- To determine the resolving time of tha G-M counter
. To prepare a card-mounled radioaclive standard
To determine the efficiency of the G-M counter for 2.29 Mev Beta partticles

. Radiation Counling Slalistics
A. Statistical Nature of Radioactive Decay
B. Siatislical Nalure of sample preparation and positioning

. Radialion Measurement Variables
A. Counling Geomelry Faclors
B. Radiation Scattering Factors

. Radiation Measurement Principles
A. Depth Gauging
B. Density Gauging

. Determination of Hali-life . .
Cesium 137 and Barium 137m Isolope Generator
A. Todetermine the Hall-life of Barium 137m
B. To observe Secular Equilibrium of |he syslem

. Interaction of Radiation wilh Matler
A. To study the Interaction of alpha radiation with matlar
B. To sludy the interaction of beta radiation with matter
C. To sludy the Inleraction of gamma radiation with maiter

7. Radioisolope Handling
A. To practice the use of survey melers for dose rate measurements

B. To calculate the activitey of a sample by means of an exposure rale
measurement

C. To perform contamination surveys and practice decontamination.

8. Biological Tracer and Autoradiography
A. To sludy the rate at which phosphorus-32 is absorbed by plant
rools and translocaled to the leaves
B. Todeomonslrale the technlques of autoradiography

. 105
ERIC

PAFullToxt Provided by ERIC




g. Aclivation Analysis Using a Neulron Howitzer
A, To demonslrale the use of a ndulron howilzer
B. To Demonsirate lhe concapt of neutron activation
€. To study the production and subsequent decay ol Indium -116m and
the complex aclivation and decay of Silver- 108 and Silver-110.

10. Approach lo Crilical Experiment
A To sludy lhe oparation of a huclear reacolr
8. To sludy the concepts of neutran multiplication and critical mass.
C. To padicipate in bringing a reaclor 10 crilical conditions

11. Gamma Ray Spectroscopy
A, Familiarization with single channel analyzer equipment
B. Using known gamma ray amitters, produce a cilibration curve
C. Delermine the Idenlity of unknown gamma ray emillers

12. Neutron Aclivation Analysis

A. To understand the tachnique of Nautron Activation and subsequent analysis
B. To delermine qualitatively and/or quanlilatively an unkown

13. Neutron Radiography .
A.  To damonsirale the concapt of neulron radiography
9. To panicipate in a néutron radiography experiment
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NUCLEAR EDUCATION OF TEACHERS
IN HUNGARY

Kate Papp
Institute for Experimental Physics, Jozsef Attila University
Sezeged H-6720, Hungary

The New Curriculum

In the 1970-¢s the bigh-tech revolution and the demand for a corresponding scinol-
curriculim reached Hungary. Like in the U.S.S.R., also in Hungary the Acadeiny of Sei.
ences took the initiatives and reconunended the outlines of a new seience eurriculum for
schools. Based upon this framework, the new schiool curriculmm becanne an official one
nid jn the 1980-es it began 1o be realized in the Hungarian schaols. The main guislelines
were more studenl activitics, conscious use of differring models of reality, more emphasia
an yrotivation and relevance, more attention devofed to those modern chapters of phyaics
which were about reshaping the technological cnd social environment. The teachers were
nat fully prepared for such strong changes of empliasis, there was sote reluctance, but the
students welcorned the fresh approach: “For a newborn baby everything is new.” Finally
the majority of schools deeided ta use the modern schoolbooks jnstead of thase with #
nwre traditional realization of the state curriculwn.

Nuclear Currviculum

In the grammar schools {taking about 20% of youth the population) beside statistical
physies {cntropy as disorder) and standing wave model of the electron (bond structure
of solids) the nuclear physics was a chapter which has obtained higher attention. After
the oil crisis the public and political attention focused to the energy issues, this aspect
was chosen as the main line to design the nuclear chapter of physics (about 14 lessons
in grade 12, compulsory far every grammar school student, even for humanistic orjentod
ones) By omitting the romantic story of the discover of radicactivity and the grandeur
of acceleraturs, school nuclear physics begins with the discovery of the neutron, By using
the simple concepts of momentun, force, scattering the liguid drop model of the nucleua js
reached in a direct straightforward way: the nuelei are aggietes of constant density, and
the interaction among nuclear particles have a short range compared to the size of the
droplet. The behaviour of liquids was studied experimentally in details in carlier grades,
thus the droplet model leads to the binding energy of nucleiin a logically very simple way.
Beside the volume (heat of boiling) and surface (capillatity) terms one has to take into
account the Coulomb term (energy of a charged sphere) and the Pauli term (the number
of protuns and neutrons try to level up). Simple indeed. Now radioactivity is introduced
as {he nuclear way of cooling down (beta decay: neutron-proton levelling, alpha decay:
disint egtation of overcharged droplets). Just to get a feeling of reality, the prices of the
different chetnical elements (isotopes) are discussed a bit from the point of view of energy
stability (iron becoming the cheapest metal). The radioactivity (its penctration, half life,
statistical uature) is demonstrated in a large fraction of the grammar schools by Geiger.
counters (preferably interfaced to personal computers, to get nice decay curves). The
radioactive source (ROTOP, made in GDRY) is a solid sample of 137Cs ffom which 7 Ba*
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can be washed out. {Authorized for school use.) The solution demonstrates the 2.5 rain
gainina half life nicely in the class roon.

Haviug the droplet modet of the micleus in launl, it is easy 1o introdnce the fission,
the nentron-richness of fission fragments, the | Wity of nuclear chain reaction, and the
unavoidable radionctivity of fission products. Do uuclear power station and radiation
protection come up os natnral issues, what the young people find understandable, rele-
vaait and interesting. There is a general fecling that nuclear physics is simpler than c.g.
alternating currents. So far so good.

Teaching nuclear physics happens in L+ carly spring in grade 12, The students mea-
sure the class room background, then they are able to watch the exponencial decay of
the '37Ba* sample. A few diys later, in late April-early May of 1986 the 1v announced
the Chernobyl neciclent {next door to Hungary), and the granunar school students got ex-
cited: let us use our knowledge! Mensuring the backgroune activity in the class room and
outdoors, the activity of shoe sole, soil, leaves, lettuce became a naturel hahavieur (like
scale ar Ohm's law was beforehand). Becguerel and millinever! turned out to be not ouly
abstract school stuff bt very real things. And the physics teacher hecame an authority in
the chaos of disiaformation, in the emotional media manipulation. For this interest, the
phiysics teachers became thankful {if not to the Chernobyl catustrophe bit) to the new
wnclear curricnhn.

As a fallout of Chernobyl, the publie in Hungary beeame sensitive to the imelear
issues (safety of nuclear power, deposit of radioactive waste, reexport of spent miclenr fnel).
Hungary is & conutry poor in cnergy sources. Qur bhrown coal contains a lot of sulphur,
menacing with acid rain. In the small and flat conntry hydroelectric power station is very
controversial from enviroumental point of view; earbohydrogens depend on Soviet supply.
Having # modest uranium deposit, nuclear power has beeome a relevant component of
Hungarian eleetricity production. Tn 1988 e.g., 46% of the electricity made in Hungary
camie from the Paks Nuclear Power Station {what the conference participaits had a chance
to visit). In this state of affairs, the interest in and the responsihility of nuclear education
is increasing.

Teacher Training

Duc to the traditionalism of nniversity education, most of the active Hungarian school
teachers learned just a bit abont the micleus in very historical, descriptive approach, far
from the edueational imaturation of mechanies or electricity. For them, teaching nuclear
physics was a new possibility, new duty what ‘hey were not prepared for. Fortunately,
history helped (nuclear disarmament isswe, Chernobyl, Paks, nuclear waste disposal). The
teachers started learning.

The Departiient of Atomic Physics at the Edivos University launched intensive (ine-
thodelogy, lab, compnter supplemented) training for volunteering groups of teachers (120
lours per course, terminating in a state-controlled ground-level exam in radiation pro-
tection). Just now the fourth course runs, but in mcans only 100 physics teachers in a
country of 10 million people. But fromn these "nuclear teachers” a country-wide network
was created not only for in-service training of secondary school teachers, but for the dis-
sernination of actual inforiation as well. (Intended location of radioactive waste deposits,
€Oy green house situation, cold fusion controversy, international agreements and mani-
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fosts about SOy, XO,, CO,, nuclear release, its future limitations, software for power aud
cnvirommental and risk education.) In at least of half of the counties this network is alive,
organizes seminar., nuclear plant visits ete. (You had a chance to meet some of these
networked teachers at the conference. They served as workshop assistants.)

The teacher networking culminated in 1988 in a seminar at the Paks Nuclear Plant.
The teachers d=voted their long fall weekend, they have got first-hand (scientific. economic,
factual and hard) infornation about the "hot” issues. During this meeting, further school
networks originated {radon-monitoring network, acid-rain-monitoring network, see Volume
11). The main ~ducational goal is, to make nuclear knowledge realistic, empirical, logical,
relevant, understanedable for teachers (as Newtonian dynamics or direct current are). The
lhape is that a chain reaction develops: from the expert to the nuclear teacher network,
from them to other physics teachers, then to the young people, and further on, may be, to
the parents.

Outcoine

Tlere are personal indications, that the nuclear physics is becoming (has become)
a well established part of the granumar school (academic highschool) enyriculum, which
is meant also for lmmmaistic oriented students.  Even the “young poets™ consider tlis
part more relevant and interesting than some other chapters of compulsory physics {(e.g.
Kirchhoff 13w or lax or lenses). It is certainly the most popular modern physics chapter,
which is able to fight for survival with the elas<ical chapters of physics. We hope that
once upon a time it will penetrate also the univer-ity entrance exams (organized not by
schools but by universities), But this is “emotioual™ evaluation, based on stories told by
enthusiastic teacliers.

The rospeet of the modernized curriculum was strengthened by the faet that the
Hungarian students improved considerably in the fnicrnational Assessment of Science
Achievements for all the three age groups (10, 14, 18). (First IEA science assessment: 1970.
Second 1EA science assessment: 1983, Replay of the second assessment for Hungarian
grammar schools: 1989.)

The Institute for Experimental Physics at the Jozsef Attila University in Szeged or-
ganized a country-wide reassessinent of science achievements for the Hungarian grammar
schools, to learn the impact of the new grammar school scienice curriculum and that of the
alternative school books in 1989. The 40 scliools were selected to be statistically signifi-
cant from the point of view of sociographical (city, town, village) and nivean {good/weak
university enrollment). Conseqguently the 1120 students of the grade 12 (age 18) repre-
sented well the Hungarian academic school-leaving youth population. The nmjority (58%)
of them does not intend scientific-teclmical-medical carrier. This assessiwent confirmed
(hy using the 1EA-questiommaire) that the science achicvenent improved sinee 1970, in
spite of the new content what teachers were originally unprepared to. {The improvement
was 2 modest 3% for non-science-earrier oriente, a strong 16% for science-carrier oriented
students, related to the 1970 resulis.)

As a by.product, we have learned, that in the homes of 25% of children computer is
available. 81% of them does not use,  17% uses it less than one hour per day. 2% uses
thee compnters in average more than one hour per day. 22% of the students has scen
computer demonstration by the teacher, 3.5% used computer him{her)self in the school.
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A modest result.

The nain question what we try to answer now in Hungary, by using the possibilities
of the grammmar school science subjects (offered to everyone intending academic carrier):
can we educale the incoming educated generatio ~afional benefit/harm assessment of
energy alternatives, fo logical risk assessment and to individual decision making? This is
just the central issue of the present conference.

The last question we asked the 1120 high school-leavers was: "If you could deeide,
kew would you solve the 1ncreasing power.demand of the people in Hungary sn the coming
decade? (Assume that the demand of industry does not grow.)” The answers differred a
lot fram the opinion of the media people! The students answered:

by fossile (coal) pawer 53.1%

by water power 20.7%

by nuclear power 58.8%

restricting the public use 2.7%

buying eleetricity abroad 8.6%
{70% of those intending sciemtific earrier opted for nuelear power, 56% of those intending
nuni-seientific earrier opted for nuclear power.)




DISCUSSING NUCLEAR POWER

Joan Solomon
Departinent of Eduncational Studics, Oxford University
Oxford OX2 6PY, United Kingdom

The DIS {Discnssiun of Issues in School Seicence) project was set up in 1988 and
funded by the ESRC as part of a nenber of linked rescarch projects on U general theme
of The Public Understanding of Science.  The project foruses on 17 vear old students
stutdying i comse on Seicnee Teehnology and Society i nine different schools.

The uses of power in geieral. and of imelear power in particular, are topics i this
syllabus (GCSE NEA) and its examination includes a requirement for the assessinent of
each candidate's cantibution to small group disenssion. This research therefore fitted
very casily inta the sehool wark. The students were prompted by the watehing a video on
muelear power i thein sehool; ad its conclusion they fored Micnd-hip groups of three or
four mud sat <down to diseuss the sabijieet amang themselves, tape-recaording their talk as
1ty did so. This article i= the frst 1eport on their dhsenssions ou nueclear power.

PREVIOUS RESEARCH AND EVALUATION STUDIES

O approach ta studymg students” views onelear power aned other related con-
sideations is sunply to assess what relevant pliysies they know. A recent questionnaire
study (Confirw et al 1939) of Italian school and college stuwents did jnst this. In the
aftmnh of the Chemobyl disaster the authors zet questions on vadous aspects of radia-
tion andd repotted thit the knowledge displayed was “quite poor”, that answers given after
the Cliernoby ] incicdent had not produced more precise informatien. and that there was a
negligible difference between the knowledge of sehool and college studeuts.

In s catlier study of 15 year ofd students {Solomen 1983) an attempt was made
to identify the commeon elements of informal knowledge about power and energy which
students bronght 1o the study, Tt was shown that school physics kuowledge was little used
and. inedeed that it was often not appropuiate for the social context. The pupils did possess
quite o consideralile amoumt of knowledge about alternative resources, although not about
the prablems of harnessing then for e,

Re~emelr on stdents” attitudes towards nuelear paver ran follow one of several difler-
et acks. Questionmaire stndies of students® attitwle’eg. Fife-Schaw et al) may drasw out
differences 1elated ta gender or to the school subjeets studied. Others, sueh as Eijkelhof
{1953). Dhave studied change in attitude by administering quedionnaires before and after
i whool conrse on nuelear enrrgy. Une of the most miteresting fAndings of this work was
that statanents about nuclear power (a high profile issue for Duteh students) showed less
movenmient as a result of school work than did enes abant pregserving foed by irradiation.
The anthor commented: It naey be that the contents of the amit kace o preeter influence on
afwdezets” opimtons on tapice which eve net the subject of recent pubhe debate. Suclh results
e quesions of two sorts.

How envly do such attitwedes on public issues fonn?

How hest may issues with Ligh saliency be addiessed in wrhool?
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Some answers to the ficst of these question may be given by rescarch inte Environ-
iental Edueation in the USA. According to a review paprer by Specca and fozzi (1984)
atlitudes on many "green” issucs hegin to form as early as uine years of age, are relatively
stable by thirteen, and the knowledge used to defend them comes mostly from parents,
friends, and television.

This snggests that the consideration of nuclear power, which certainly fits into the
general categary of a “controversial issue”, may well encounter a variety of pre-formed
opinions among secondary school students. [t will atso be contraversial in so far as it
involves value judgements. Since the introdnction of the Hunanities Curriculum Project
(Stenhouse 1983), and even before that, the teaching of controversial issues has been
Justified both for its moral coutent and for the validity of its representation of a field of
study {Dearsden 1932). Translated into the context of physics education this would imply
that we need to encourage discussions of nuclear power hoth because it allows reflection
on social and ethical positions, and alse because its presence in a physies progriom wonld
connter the \\'idr'sl)reml im]lr('sh‘iuu that |)]l_\’5i|'s I un]y converned with (lning_ mathematieal
problems, or with carrying out practical work which 15 at a long remove from human
coneerns and values.

Physics knowledge about nnelear power is inportant bt the results of Eijkelhof and
Sulomon, quated above, support a cammonsense view that where apinions are already
formed there may be somwe resistance to didactic teaching. Active participation in learning,
under such conditions, might be mare readily engendered by small group disenssian work.
It has heen argued by Bridges (in Wellingtan 1986) that this is the best way to allow
students to veice their own value positions, mul to appreciate the pusitions of uthers.

AVAILABLE KNOWLEDGE

The video on nuelear power was edited from a long progian made seon after the
Chernobyl disaster. It began with some instruction about the uperation of a eonventional
AGR station After this there were accounts of the Frenel, Swedish. and Ameriean policies
on muclear power, The Three Mile Island incident. and the Sizewell B inquiry, were also
discussed. In the final ruoments of this 20 minute video there was a confrontation between
Lord Marshall (Chainnan of the CEGB) md Jonathan Porritt (Friends of the Farth) with
contribution fromy an American risk assessor, The excerpt finished guite abruptly on a
not: of disagreciment hetween Marshall sand Porritt.

Thete were no signs that the contents of the video were not understond, but it was
also clear that a filtering pracess went on inside the students’ heads. In educations we are
userd to the constrnctivist approach 1o leaming which insists that students are nat cmpty
of knowledge when they ¢ome into our classtooms. and that they process the nformation
they reccive, often wsing analogies or their existing memal models which they may “fine
tune™ to nrake them fit better with the perceptions or information heing received. Tn
the case of the DISS discussions we needed ta explor. what other knowledge the students
pussessed, and also what factors influenced how they interpretid the infannation from the
vidco.

Chief ainongst the items of extra relevant knowledge used was a quite impressive dis-
play of information about rencwable vuergy tecmologies, vamging fran hiydraelectrie and
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wind power to aquifers and tidal barrages. The students also commenly spoke about the
dispusal of nuclear wastes, acid rain. the deplction of fossil fuel stocks. and the deconunis-
sioning of muclear power stations, none of which was in the video. In several discussions

uclear weapons were mentioned but this was alinost always ininediately challenged by an-
other student in the gronp making a elear distinction between puwer for civil and military
uses.

To present either the information obtained from the video. or the students’ existing
knowledge. as though it conld be listed item by item in a weutral fashion would be a
travesty of the real nature of these discussions. The video itself emphasized the different
approaches of France and Sweden to nuclear power. The final confrontation made clearer
still the differenmt paossible interpretations of data by groups within this country. This
probably had some effect on the disenssion strategies that the stndents used and on their
reception of the knowledge.

It was connmou Lo find quite over-statements about the bias in statements of the gov-
erntient or the CEGB wha wanted to "keep things quit”. Conversely there were students
who were unwilling to trnst the Friends of the Earth on the grounds that they had just
“got to be in the News™. This recognition of bias may be the resnlt of an existing mental
represeutation of the knowledge giver. In two cases this produced innnediate prejudicial
comments - “that fat gny, fat guy!™. A feeling that the knowledge had been manipulated
in some way produced at least two pronounced effects an the reception of this information.
In the first place it led to a lack of trust - “ther wonld say that” - and a cousequent
denigration of the information. But a more general perception of bias can have a sadly
alienating effect of powerlessiess. Cominents like "no one tells the public anything”, and
“we cammot tell”, were often disineentives 1o any further consideration of the issuc.

USES OF KNOWLEDGE

The students were given no discussion “task™ by their teachers but most groups took
the upportunity to discuss the pro’s and con’s of nuclear power in a sitnple risk/benefit
approach to the question. To this end they not only bronght in their various items of
knowledge but also tried to weight up nuclear power either against fossil fuels or as an
alternative resources. The factors they most commonly considered were

comparative safety,

pollution,

cast, and

employment,
with the first of these being far more frequent than the other two. Fuel conservation was
not mentioned as an option.

The video had produced some munerical risk forecasts which the students often reit-
cruted with wonder. A 45% chance of an accident siniilar to those at Chernobyl or Three
Mile Island happening in the next 20 years, a5 given by an American #isk assessor. was
clearly memorable. easy to understand, and worrring. By contrast figures given by the
CEGB about the Sizewell B reactor having only a 1 in 10 illion chance of an accident
seemed almost miythical and unimaginable. What was casier to understand was human
error and its inevitability. “Nothing”™. they said as if it were an axioni, "is ever completely
safe”,
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In general it seemed that few took the risks as threats to their own lives (71 shall be
old or dead by then!™). Nn the other hand the well-known NIMBY (Not In My Back Yard)
cffect also surfaced. Whether or not they could visualize their own lives or health being
at risl: they certainly Jid not want a nuclear power station near them!

Econontic cost was more difficult 1o handle. Discussion points raised showed clearly
the recent moves in public thetaric from having urged the colnparative cheapness of nuclear
power to realizing the huge but uncertain costs of decommissioning power stations. Polln-
tion from radioactive wastes was often contrasted with that fram acid rain. But for these
voung people of 16-17 years of age. the possible effects of energy poliey on employment
were, predictably, taken quite serivusly and could sometimes be off-set against nisk. As
one male student from a high wnemployinent region in the north east of Britain wemarked
during a discussion on risk "Yes, | would work at a nuclear plant - if the pay was good
enough.”

This sort of classroom discussion is often called “decision-making™ as though the whole
point of such activity was to reach a consensus un the best national strategy. In a complex
policy issue such an ubjective does seem more than a little unrealistic. Somne groups did ask
each otlier what they thought should be done but this was more often answered as if it were
a "for or against?" debating inove. Just occasionally soiie strategy was suggested - that
there should be small power stations in remote sites, that more reseacch should be done,
that the wastes should be fired oul into space, or that alternative energy research should
be Letter funded. On the whole the results of discussion, if judged by such a simphistic
national decision-naking criterion, were not impressive.

MOVES WITHIN THE DISCUSSION

There were three general categories of talk. One of these we described as “framing”
since its purpose scemned to more designed to "get inside” a particular frame or set of
images than to communicate ideas.Often they just rehearsed what they had seen on the
video or spoke about their own experiences in little more than a story-telling mode.

That kind of talk merged almost inperceptably into a kind of "deliberation™ where
actively putting ideas across to each other. The purpose of this seemed both to make
explicit their own positions, fears, and values, and to elicit the reaction of others to them.
They exchanged views on the French strutegy of providing neighbourhood inducenents for
installing a nuclear reactor, or on the Swedish attempt to supplement their fuel resources
by growing willow smunpling. They would personalize the issues by considering what their
own reactions might be to secing a nuclear reactor instead of a farm outside their window,
or they would ask their friends if they would be willing to work in the nuelear industry.
And where they had private fears or phobias this was the place where they expressed them
through prejudicial comments ("the Danes think the Swedes are stupid!) or jokes (about
living by eandlelight). Tle students scemed to be negotiating with each other what sort
of notions and expetiences were relevant to the issue of nuclear power.

In the third and more committed phase of the discussions the students challenged
each other to say where they stood on the nuclear/non-nuclear device. We called this
stage "Which side of the fence?". It seemed to be a strategy drawn from public debate,
and indeed the students often counted up how many there were "for", "against”, and
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"not decided™ in true committee fashion. \What surprised us most was that this phase,
which would seem to be the culmination of argument and deliberation, often took place
at the very beginning of the discussion. We guessed that the purpose of this was to enlist
sufficient support to make it possible to talk more freely. Finding oneself in a minority
of one in a group of otherwise committed students would probably not be conductive to
exploratory talk.

EDUCATIONAL REFLECTIONS

In the last ten years many enthusiastic physics teacher liave been trying to introduce
more “relevant”™ material into their lessons. Tlds issue, of power supply, may well have
headed the list of topics covered. Many methods were tried. Some tanglht about fission
and the construction of muclear power stations; some gave out lists of arguments for and
again nuclear power and asked for essays. In the first five years the most popnlar method
was a “simulation™ in which students were given roles to play and definitive infonnation
ta nse. In more subtle variations of this gaming approach slightly different date were given
to opposing groups.

But when the funn was over a few voices could be heard asking what value system the
students might use if they were free do discuss the risks and benefits to different sections
of their society and had not been assigned to particular roles. That was a hard question
to answer if the students had been given parts of play and "hard facts” to use without
question.

So. in the manner of either a “neutral chairinan” or a "balanced chairperson™ (who
was prepimed to play devil’'s advocate if only one side of the argnment had surfaced)
some teachers then tried to promote whole class discussion of energy themes. No one
kuows better than T the difficulties of getting this going on a cold Monday inorning, or its
equivalent. Even if discussion docs take off, how often can we get the quict and the shy to
participate?

\What has been striking about the students’ discussions that we have so laboriously
transcribed over the last year. is that they worked. Almost without exception the groups
of three of four talked together honestly and seriously, despite the presence of Lhe tape-
recorder. They shared their knowledge, their feelings, their personal values, and their
seuse of social responsibility. Even the teacliers wete sometimes surprised at the quality
and fluency of their talk.

Not mmany of these pupils were taking pliysics at Advanced Level with the intention
of making it their career. That was siiuply an artifact of the school time-table. The few
who did have such aspirations seemed to enjoy the course, nnd participated well. We
fled that snch discussion of social issues would form a valuable part of the preparatiou of
a future physicist who might possibly find employmenn in the nuclear industry. For the
unajority of our students, however, schoul physics had proved difficult and they were not
contemplating any future qualifieations in the subject. For them the course was one in
"eitizen seience™ where they could nse understanding of people and their predicaments
as well as relevant content from physics. Using values in addition to knowledge is, as
Wellington (1986) suggested. an essential part of teaching about nuclear power; it also a
hallimark of the public understanding of science issues.
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GOIANIA
(SUBSTUDIES FOR A TEACHING LIODULE)
Suzana de Souza Barros
Instituto de Fisica, Universidade
Rio de Janeiro CEP-21945. Brasil

THE STUDY

Attitudes regarding science related issues are often shaped by
information obtained at howe, from mass media or other

incidental sourcea. The habit to take this information for
granted 13 well stablished and makes it the more problematic,
sihce the accePtance of this knowledge shapes the judgement and
the behaviour of people in potentially dan9erous situationsa. For
the technologically based society of present times the search for
a better understandin9 of acience becomes a matter of welfare and
safety for the population involved. We want to present the thesis
that it 18 @ fact that most of the information the g9roups
involved 1n this study had about radioactivity. at the time of
the Golania Incident, was obtained from sources other than School
Learnt Science (2b), (7). Furthermore, the lack of confidence
Brazilian students have about school as the source of a useful
kind of knowledge seems to be partially reaponsible for the lack
of 1nterest in seeking further acientific information.

The subject of radiocactivity is not really worked 1n school, or
even at the University level,from the point of view of ita social
and technolo9ical 1mplications., High school students do not have
educated means to acquire science based informed approaches.

We probose that modules related to "Science-Technology-Society”
iasuesa. STS, be introduced as regular class activities in
current courses, without diaruption of what 13 today called the
"official curriculum”™. The main oblective of these modules belng
to give the students a chance to develop fundamented judgement
based on scientific 9rounds making use of reliable sources to
procure information. Among such modules the one related to the
understanding of "Radioactivity and 1ts consequences for Society:
risks and benefits” should have Priority, because of the large
nurber of iassues that the common citizen encounters in today's
society requiring sound reflection and jud9ement: nuclear

power stationa; the proliferation of nuclear arsenals; uses of
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radioisotopes for health.agricultural and food control;
industrial applications, etc. It is important to clarify that the
learning of theae basic facts does not mean a formal introduction
in the subdect specifically (as a physicist should have), and
yet, it should cover the necessary , f-ormation to permit the
individual to handle potentially dangerous situations. The choice
of 6TE topics relevant for each group of gubjects may depend on
regional specificities. Nevertheless it is possible to reach
concensus about some sublects which have universal importance.
such us '_Enerqv. production., uses and conservation” and
"Radigactivity, natural, artificial and ita conseguences for life
and environment”. R

The presant pllot stidy uses éfpentially a qualitative appreoach.
Interviews with groups of students: Primary. secondary and .
university, Secondary teachers of physigg and people dealing with
other -areas than science and technolog¥. which will be labelled
»others”, constitute one of the sources of data for this atudy.
All subjects had at least B years of formal education. A
questionnaire was used in order to organize and control the
discussions about the "Goiania Accident” and how the subjects
viewed their knowledge about radioactivity. Th= answers

to some of the guestions were statistically collected, each
sublect within the group stating clearly hias/her choice., The
groubPe interviewed were constituded by five to nine individuals,
all belonging to a same category, totalling fourty people.

Another set of data was obtained from newspaper accounts of the
accident published within a month of its discovery.

The data thus obtained subsidized the preparation of class
activities related to STS modules on the subject.

1) The gquestionnaire seeks to obtain information abuut how the
subjects recall the Goiania Accident almost two years after and
how much and where was obtained the knowledge about radiactivity
they possessed before the accident, Another aspect that we wanted
to know of was how the crisis and fear that overcame the country,
go vastly advertized through the pedia, motivated curiosity or
the need for further understanding and knowledge about the
subject.

a) INTERVIEWS: QUESTIONNAIRE AND DATA

1) WHAT ARE THE WORDS THAT COME TC YOQUR MIND WHEN WE TALK ABOUT
RADIOACTIVITY? .

The anawers can be grouped in two sets:

a) Primary teachers and students and others are clearly not
influenced by schooling, their vocabulary reflecta their daily
experience : R-rays, radiation and harmful are the most frequent
words.

b) Secondary teachers and students and freshmen students have a
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scholarized Vocabulary: atomic nuclei, emission of particles,
alpha, beta, gamma radiation. contamination and iopization are
words of easy recall.

2) HAVE YOU HEARD ABOUT THE "GOIANIA ACCIDENT"? HOW MUCH CAN YOU
TELL ABOUT IT?

But for one subject all admitted having heard about the accident
mostly via TV: 80%.

PRIMARY SCHOOL STUDENTS had the poorest recall, practically could
not describe the “accident” and were mostly impreased by the harm
caused to PeoPle and the novelty of the situation. The best
ansver "...accident in 87 that affected many peoble and some

died because of the radiactivity of a small object... that waa
handled by others in such a way causing them hara®

PRIMARY SCHOOT. TEACHERS deacribe the accident as Cs 137
contained in a medical equipment; Bsome associate ceslum to
X-rays and talk about the harm done to people because it was
rubbed on the body and handled, causing death to some peoPle as
well as ... "creating fear in other states against the population
af Goiania® and ..."creating panic throughout the country...”

SECONDARY STUDENTS make very factual statements about two junk
dealers having removed the capsule containing radiocactive
ma'erial or Cesium that was scatttered ané ..."poisoned some
people and some of them died..”. They refer also to the lack of
information of people whe handled the capsule, attributing to 1t
the gravity of the accident that ..."awakened humanity to the
possibility of this type of accident...”

SECONDARY TEACHERS AND UNIVERSITY STUDENTS AND OTHERS describe
the facts giving correct details of the location of the medical
apparatus, violation of the Pb shield ..."to be sold by poor
people...”, the ..:"handling by many peoPle of the contents of a
blue powder contained in-# capsule, (cesium), contaminating many
places and human bein¢s,with radioactivity...”. Only one subject
talks about "radiocactive waste that will take many vears to
become totally desactivated” and findas it a happy coinclidence
that the water system was not contaminated. Three individuals
talked about "X-rays apparatus” beeing removed and opened causing
contamination to peoble. :

3) WAS THE "GOIANIA ACCIDENT"RELATED IN ANY WAY TO RADIOCACTIVITY?
Definitively ves, for 95% of the subjects of all groups.

4) DO YOU THINK THAT WHATEVER YOU KNEW ABOUT RADIOACTIVITY WAS
USEFUL TO HELP YOU UNDERSTAND THE GOIANIA ACCIDENT?

Yes: 20t; somehow: 30%: no: 50%
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3) DID YOU SEEK INFORMATION ABOUT RADIQACTIVITY AT THE TINE OF
THE ACCIDENT? WHERE? WHY?

Yes: 30t; no: 70%. There ara several sources of information that
share preference: school, books, newspabPers are equally selected
followed by teacher. parents, friends, TV. The reasons given for
sceking information are not technical, mostly curiosity because
the accident was very well covered by tha mass media at the time
of the accident. Most subjects indicated the need to obtain
better information about scientific and medical aspects of
radioactivity.

6) WHAT ARE YOUR IDEAS ABOUT THE CAUSES OF THE ACCIDENT?

only one subject attributea the accident to robbery. All others
refer to the incident as something very natural, bound to happen
because of the social conditions people live in and only one
refers to “somekind® of authority that should have been
responasible,

7) WHOM DO YOU THINK SHOULD BE RESPONSSIBLE FOR THE ACCIDENT?
Some answers about being the owners of the clinic.

8) HAVE YOU LEARNT THE SUBJECT OF RADIOACTIVITY OR NUCLEAR
PHYSICS? WHERE? ( some suggestions were mpade: books, school,
media, TV).

books: 15%; school: 25t; newspaPers and journals: 10t; 502%: not
sure.

9) HOW MUCH DO YOU KNOW OR UNDERSTAND ABOUT RADIOACTIVITY AND
RELATED MATTERS? (sug9estions: how does it work? what does it
do to people and material things?)

Very little discussion. It works like invisible rays that come
out of paterials.

10) DO YOU HAVE KNOWLEDGE OR EXPLANATIONS FOR THE FOLLOWING SET
OF CONCEPTS? (the answer could be Yes, no, never heard of)

Yes no never heard

i) Atomic structure 502 20%
i1i) Radioactive atoms 502 252
iii) Isotopes 30t q01
1v) HMean life 302 402
v} Radiation 80t ot
vi) Ionization jot 40t
viil) Contamination 701 ot
viii) Radiation doses 1} 02
ix) Biological effects of radiat. Ot 01
R) Protection from radioactivity

and safety procedures 20t 0%
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COMMENTS

There are several important facts missing in the data collected
during the in. ~views: (a) the absence of any reference to
radiocactive waste (11), that was Presented as one of the most
gerious Problems in the media, because of the difficulty of
solutions and the extent of contaminatinn of houses and city
streets (the source was taken from the junk vard to a hospital
by bus); objerts were stolen from one of the most contaminated
houses; soil and plants and domestic animal needed to be removed
and even the bodies of the peoble that died of internal
contamination presented difficulties to be buried; (b) there is
no mention to the properties of radionuclides in relation to
their exponential decay; (c) the concepta of mean life and half
life are never mentioned in connection to the dangers of
radioactivity; {(d) sachool is not a frequent Bource of information
as seen in the angwers to question #5. A study in progreas by
Nunes et al (?) with a sample of Brazilian secondary students,
reaches similar conclusions. The information students possess
about nuclear technologies seems to be based on mass media
information rather being obtained via the school acience
curriculum. This information is often badly fundamented and
appeals to sensationalism. Aspects of legal responsabilities
were seldom discussed along the interviewsa, in BPite of being an
igsue that interests to all responsible citizens because of the
implications for the welfare of populations, In spite of the
"accident”® having been in the headlights of the media for several
months, most of the subjects did not seek further information
about radiactivity, for a better understanding of the issues.
This seems to be a factor that should enhance the Priorities STS
modules should be given within the School science currigylen-

CONCLUDING REMARKS: APPLICCATION OF STS ACTIVITIES IN OFFICIAL
BCHOOL CURRICULA

Bcience syllabuses, for the vast majority of Brazilian secondary
school curricula traditionally or9anized, cannot longer avold
presentation of tobics that affect modern socielyY, as is the case
of nuclear technologies. Modern phyaica has no Place in the
physics sylabus and some of the "sclentific information"” comes
from the study of atomic structure taught 1n General Chemistry
courses. VerY seldom qualitative sclentific molels are presented
to the student. Issues from the Point ot view of abPplications are
almost never dealt with, unless the student solicits the teacher.
If our students are ever going to develoP a capacity for decision .
based in educated guesses we must then educate them for this
starting at proper levels early in school life.

As the process of modification of official School curricula is a
very Slow one, we need to use all available resources at hand to
9ive our students a relevant education that will be carried on to
their everyday lifes as responsible citizens, and these should
not be only words, that sound nice, and are never practiced.
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Public isaues, vastly advertised and dimcussed at the time of the
events, such as the Goiania case, motivate the students froz
different angles: affectively (pity for ths victims and fear for
their own safety); from the point of view of the economy, as is
the case of situations related to energy shortad9e; other issues
will appeal to curiosity and imaginati-n, the Neptun. Space
flight. and so on,

The iniroduction of ocientific concepts via extracurricular
topics, treated by the Physics teacher.in the surroundings of the
school and within the official loading time alloted to the
diacipline. may help achieve the objective of producing a better
informed citizen, that should be one of the main objectives of
school science., In this manner learning science can become
relevant because it deals with attitude change as well a»
knowlege of basic facts and cognition gain. It is expected that
parsonal conceptions could be modified via confrontation with an
*expert’'s model”, bringing about a durable attitudinal change.

The introduction of STS8 Module activities should emphasize
attitude development, making students aware of how #science and
technolo9y affect our social and economical lifes, and it may be
expected that if the learned behaviour is developed at early
stages 1t may be carried through life. We summarize below a set
of interative learning apProaches to be used in situations wvhere
attitudinal change is the main objective (3).

Sinulations and 9ames.

Role play/ discussion/ decision making facts.

. Student led or student group diacussion.

1.
r
3. Counitive approaches that provide assimilable cognitive imputs.
4
5

. Use of realistic science related problems affecting society
either positive or negatively.

6. Historical case studies, with an analysis of scientists work
and lifes, within the context of the era they contributed to
science.
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APPENDIX

EXAMPLE OF TEACHER MODULE ON RADIOACTIVITY AND RELATED MATTERS
{Primary¥ and secondary teachers}

GENERAL OBJECTIVES

To develop concepts about radiocactivity, its basic properties
and applications and ita impact in podern smociety; to bring about
an attitude change that can develop from the understanding of a

aimPlified scientific model Presented at a qualitative level.

MODEL PROPOSED

" Substances (key words: atomic structure, atoms, nuclei,
electron, Proton, neutron, element, isotoPe. source) that have
the Property to emit espontaneously {key words: radioactive
desintegration) invisible nuclear rays (key words: radiation,
particles and waves, energy), that interact with matter (key
words: radiation damage, defects, ionization, fission, fusion)
are called radioactive materials. The radiation spreads out from
che source loosing energy and being abaorved gradatively while
traversing matter, (solid.,liquid or gas}, becomin9 less intense
with increasing distance (key word: fiux) or amount of matter
traversed (key words: density. absorption). The action of
radiation is distance dePendent arl caracterized by extensive
Properties‘(key wordsa: intensity of source and av9e) and
intensive properties (key words: activity, nuclei composzition).
Different sources remain in activity for different periods of
time (key worda: desinteqratibn, decay time). this property

¢xplains the orig9in of nuclear igotupes used for the DreParation
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of radioactive sources {key words: natural or artificial).

Radioactive material=s can irradiate {(at a distance) or

contaminate {(direct contact) matti. Radiation might induce
radioactivity in matter (new source). Contamination spreads the
ori1ginal source in the environment (matter transport). In both
cases neighbouring matter receives radiation and present
radiation effects”, (8).

It is expected that the cognitive behaviour of the students,
developed ax the consequence of the conceptusl understanding of
this model could be useful for decision making attitudes on
issues considered relevant for society.

SUGGESTED ACTIVITIES

i) Measurements of background radiation,

11) Discussion of radiation detectors{personal dosimeters). How
do they work. what do they measure, etc?

1ii) Models and analogies using audiovisual and comPuter
simulation of atomic models, periodic table, radioisotope
production, etc.

iv) Mechanical analogues of Autheford model: {determination of
"nuclear dimensions” by collision probabilities, Experiment
suggested in PSNS textbook (8),

v) Analogue model of light nuclei 1sotope formation using soft
and magnetized iron discs ProPosed by Thomsen (10)

vi) Discussion of risks and benefits of peaceful uses of nuclear
energy.

vii) Discussion of nuclear reactors.

viii) Norms and safety Procedures. units of measurement and
calculations of simPlified situations.

ix) ApPPlications and imPlications of peaceful uses of
radioactivity and nuclear energy.

x) Discussion of ionization radiation and its biological effects,
a class activity, as suggested by Ganiel (9).
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x1) The aras race, nuclear disarmement and the survival of
humanity.

xii) Responsabilities: legal and ethical aspects of the use of
nucl ear energy. Nuclear policy.

A HETWORK OF TOPICS TO DEVELOP AN "EXPERT MODEL" OF RADIOACTIVITY

NEGATIVE e-
CHARGE [
( ELECTRONS
chemical properties
of elementa MASS = 1/2000 maas of
. proton

POSITIVE et

ATOMIC STRUCTURE ¢{
elenents OSITIVE CHARGE
PROTONS ~27
MASS = 10 kg
NUCLEUS
-~ mass of element NEUTRAL
NEUTRONS{

Mn = Mp
STABLE (infinite life)

NUCLEI NATURAL
UNSTABLE (finite life) [

ARTIFICIAL

ATOMIC
r EM radia-
tion

VISIBLE LIGHT
ULTRAVIOLET

EINFRARED
X HAYS

~ALPHA (%) PARTICLES ( He-4 nuclei)
RADIATZON 4
FROM MATTER . POSITIVE
-BETA {(3) PARTICLES ELECTRONS [

NEGATIVE

\ NUCLEAR FGAMMA (¥) RAYS extremely short wavelength
radiation

L NEUTRONS {m™) (figsion and fusion)

NUCLEAR FRAGMENTS (fissaion)
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rCOSMIC RADIATION

heavy production of
ion pairas- very short
range in matter

light production of ion
pairs - lon¢ ranege

high penetrating power
high penetrating power
high molecular dissoc..,
production of defects
in patter

high molecular dissoc.

low molecular dissoc.

indirect Production of
dissociation, defects
energy dependent

low nuclear effect
high nuclear effect
particles and

radiation from
outer space

EARTH SOURCES 0.35

~ NATURAL [

LIVING ORGAN-
isM

1.35

|

MEDICAL SOURCES 0.40

NUCLEAR BOMBS 0.02

ARTIFICIAL
NUCLEAR POWER 0.001

OTHER SOURCES 0.01
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THE PUBLIC ACCEPTANCE
OF NUCLEAR POWER IN FRANCE
Philippe Berthelot
Electricite de France
Par® F-73008

It Is a great honour for me to participate to this
conference on ENERGY ALTERNATIVES.

Whst 1 will describe, in wy participation to this symposium, is :

1= The context,
1= The inforwation program,
3- The resules,

of EDF actions for the public acceptance of nuelear power plants La Prance,

Obviously, T shall be pleased to snswer your questions concerning
which could be nissing or not clesr.

1. = The economical and polrtical context

L.l The research of energetic fndependence

1} The “before nuciesr energy™ prograss
o ¢ ittl{es and early sixties, electricity generation was bssed on
hydrotlectric daws and coal-fired therwal plents. But, i6 the late sixties because
of a relatively high coaswmption Increase, this practise could not be continued ss

aost of hydroslecttic sites where already equipped and necional cosl becawe rate and
axXpensive.

Therefate, as o result of the overall decrease of national energetic

tessources, and because of the cheapness of ofl, several oil-fired plants vere
erected,
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b) The firsr Auclear ateps

Heanvhile, reacarch continued in the nuclear field. Several typea of
nuclear power plapta were butlt {gaz—cooled reactoras, PWR, heavy water reacter,
breeder). At the ¢nd of the siactiea, it was declded to atapndardise on the PWR type.

¢} The nuclear program
In 1971, the price of oil ipcressed a0 wuch that it becaame evideat that

France could not coptinue (o be dependent for ita electricity asupply. on [oreign
sources, Therefore, it wis decided to Laiunch a1 large program of nuclear power planta
to racover tnergetic fodepeadence, This program has been snd ia arill considered aa
vital for the success of France's anergetic policy and aearch af independence.

.

1.2 Public sutharfties and political parties

France 1a & democracy with a1 ceptralised goverpment and aeveral policical
parties.

1} The position of the parties
In order to aimplify, ft can be sajd that these parties are divided in s

right vlpg and 2 left ving, although thugh time, the limita between right 1nd left
can vary alightly.

Fromw the origlna of nuclear power until 1974, the year when the curtent
ouclear power prograM® was begun, all Prench political parties lodked oo ouclear
power very Cavourably although there vas some controversy it the beginning of the
702 when the patursl uranlus-gas-cooled reactor series was diacarded {o favour of
the pressurized varer reactor aeries.




b} The effects of alrernation

When the ouclear power prograw was sccelersted in 1975, che parliasmentacy
oppoaition in France baalcally consiatad of two leftist parcties, the Communists and
the Socialists. Their repredentation vas about equal, Faced with a4 government
cesclutely in favour of nuclear power, the opposition could have taken the opposing
tans4 aad thus won rhe ecoloagista’ votes. Inatead, the Comsunist Perty case dowa In
favour of civilian nuclear power applications. The Soclaiist Party has always been
divided on the nuclear question. Thia was the caase during the 1981 preaidencial
election, the ooly one vwhere nuclear power wga an lssue. During this caspaign, a
large faction of rhe Socisliat Party ailivacted againat the nuclear pover profcan and
opposed the conerruction of some plants. After the Socialists caze to power, acteps
weére taken to ensure greaver participation by local slected representstives 1o sice
t1elecrion aod o provide more informacrion locally. Although the auclesr power
progras haa sloved downo sloce thia tiae, ft wss not been called loto question § the
slowdowe 1s merely a means of marchiog production capscity to future electricicy
teedm. Unaniaicy haa been the order of the day since. Muclear energy was not an
{soue during the receat presdential elections.

¢} Yhe ecology movements

Although ecology woveaents sprang in countries 1ike West Germsny and the
Unfred Scatea in the mid-60s, they did not appear in France uncil 1974-1975. They
are very disparste in France and have not been abble to form an allisnce as iz the
¢sse in West Cermany. Their political bmse Is uncertsin, limited to s fractign of
the Socialisc Farty snd several swaller partvies without 3uch influence. As a resulr,
their showing is very poor during elections. In the (irst round ol the 1988
presidential elections, the écologlist candtdare wvon fewer than & T of the vorea.

1.3 E,D.F. main actor ¢F the French nuclear progras

E.D.F. 12 3 state~owned company creatdd In 1966. 1t 1s Lln charge of
designing snd constructing all generating plants, opersting them, transaitting and
distibuting electricity alf over France.

With a peak load of 6) 000 HW, a total output of I60 TWh 13 L1987 and a
stalf of 12} 0G0 people, it {# one ©f the bigkest fntegrated electricity utilities

in the world. 1trs annual curnmover 1% about 13 billlon French Frasca
{24 billion US dollacs).

E.D.F. a2 ovarall designer. archltect—en ineer and operator of m;:l.e.u
plants. 1a the wain scror of the nuclear progras.

It coordinates the gsitivities of the cgonponents aanufacturers such as
Framatose for the reaceor vessel and Alsthea for the tufblne, and the activitles of
the contractors.
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2. « loformation and participation of the public

2.1 Tee relatioeal context

a} A long nuclesar tradition
S$ioca Tecquerel and Fierre and Marle Curfe, Franze haa a long nuclear
tradition vhich wight have helped the developaent of the nuclear progras.

b) The Eiscal background

in France, there 1is no rate advantage for those vho live near nuclear
plants. This la becaute those plants are designed and erecred vith all Precautions
aecessary for creating no nulsance to the neighbhourhood. Thestore, 1t 13 not
ceceasary to compensate any trouble. But, 1llke #ny other industrial installarion
plants are subject to what is called "professional tax™. A nuclear plant because it
eamploys wmany pecople, has to pay relatively hith taxea. Those mmounts are dlsteibuted
amosg che towns argund the puclear glant. Therefore, 1t is a factor of flnanclal

income, high enough to Cfavor the acceptance of the Plant by elecred
repleetatacives.

On the other hand, closing down plantas is a great loss for municipal

cessources. This le vhy EDF's policy {s to replace those plants on sita, vherever {t
is vechpically possible.

e} Participation of local popularions to the projets

At all aceps of a nuclear plant construction and operatiop the local
populacione are fully asesclated to tha prsject,

- Site selection
1n order to galn public acceptance for a slte to be open, the elecced
representatives are sssoclated to the gelectlon as early as posaible. All neceasary

precautiona dre taken in order to winiwize the lapact on the environment apnd to
preacrve public and private intervests. After a4 public faquiry the site s finally
approved by the Prime Kinistar on the propossl of che State Council.




- "Buring erection” and "after erection” procedures .

During érection worka, special procedures ace set up in order to facilicate
che use of local mesnpover and help the integration of other acaff o the local
environment. Schools, sport facilities arr  --~:ted [ roads and commynicatlion =meant
ate lmproved.

LOF participate by lendlng aoner to the wunicipalities, which vill be paid
back lacer by deduction from the “professicnal cax”.

During 3 years sfter the conatruceion worka are finlshed, EDF particlpates

in keeping 4 good lere! of sitivicy in che nelghbourhood by helping municipalicies
ia creacing employmencs.

« During operation

1t 14 a reneral EDF pelicy that during cperatlon, the logal pepulationt are
aasoclated to the life of che plants by providing all gervicea which can be
fulfilled by local ¢cowponieas.

2,2 The inforsation actions

a) Upto 1980
From the launching of che program to 196D, the waln priority was cte open

nev sices In actordance with the needt. Therefore the aaln action wat to eate the
acceprance by elected representacives.

Visites of exiscing plants in France and even in forelgn counccies have
been organized for muaicipalicies of pocencial sites.

Alao conterences and debatcs for local people rtook place. A grouvp of
debaters has been trained for this type of activity.
Oo site, loformatien centers have been erecced. The Ficst ooe was open in 1980.

b) From 1920 to 1985

At the peacx of the progras, a vast effore of foforaatien has been made at
both national and local levels.

- national fevel

A general catalogue of about 3ICO documents hat been ¢stab’lshed. Those
documents were related to energy In general (ressources., French energy pollcy,
techniques...) and to nuclear energy in parcicular (rechnique, safety, econcay.
eavironsental lapaces, .+.). The decuments were classified {a 3 difficuley
categories so that the reader can select according 1o his level.
The catalogue ftself was presented in popular newspapers and magazines. People could
ask for It and then get all the preposed dotua=nts free of charge.
Millions of dotuments have bHeen thus distribured to all fncerested pecple.




= lecal level .

Durfng this perfod no other actfon than cthose liated In the previous
paragraph has been undervaken. But chese sccions have been generalized sgre per alte
iés they wvere optn, Thia concerna in particular the cpeoing of information centers
for wvhich the strategy waa :

« opening of & teaporary ¢ifice =1 s00n as possidble,

» opening of & temporary center ar the beginning of the worka an site,

+ opening of the filnal center yvhen the seceas rosds were completed.

Also, organized toura of plants far the public have been genmerallzed. Thaose
tours are accessidle to anybody providing that the booking fa mede by leccter or
telephone a liccle in advance.

c) The present action

At naciona evel, because of the slowing down of che aite opening rythae,
and after CHERNOBYL accident more specifle actiona have been undertaken,
concerning =

- medical professions : a catalogue of ahout 20 documents related to the
needs of those professions, has been established and sent to those who live In the
regfons where planta are established,

About LF4 of the oembers of thase professions 1n France (25 D00 peop le) recefved
the catalogue and 20 X of them aaked for documenta.

= Ceachers : »
A catalague of 2] documents has been prepared for cteachers of the lst eyele of
secondary schools. It was sent to 11 500 schools 1ln France, 39 % of chea asked for
docunencs .,
Teachers and docters are our favourite (argets because they are good relays of
fnforestion and they sre seen by the public ac impartial people.
At local level, the actian continued a3 mentienned before but the stress wvas put on
relation vitth doctocs and teachers. Also EDF publle relatfon managers are now the
asln Points of contact with the press and medla because they can repoct directly on
the life of the exlstimg plants.

d) The future actiom

The stress will be put on the ¢ontinuation of the present action.
There {s a thought for extendfng the sction toward the medical professions ta the
tverall country, which represent about 100 poo persons.
Another action will be the preparation of zatalogues of docuzents for the teachers
ef the Ind cycle of secondary schoolt. Three cataloguas are golng to be prepared for
geography, econooy and physics. ln toral, 45 200 teacheca shall be conracced.
A third action will be the preparatisn of a new general catalozue aore centered on
econoaical, safety and operattonal aspects of nuclear plants whieh are those
coaing out of our visitors® questions.
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3. - Results

3.1 The success of the French buclest
About 13 yaats of the lsunching of the French nuclaer program, it csa be

seid that i¢ 1s o success. At ths soment, 53 reactots ere io service (2 btesders,
& gee cooled tesctots, L300 MWW PWR'a, 34xD00 MW Pai's, 12x1300 MW PWR'e). 8x1300 MW
erd 22400 WA MUK’ ere undet construction.
They generats ebout 7O I of Fresch electticity. la 1987, their eveilebilicy factor
wes 79 X for Y00 MM PUR'e and 73 X for 1500 MW PUR's,
The %00 MJ PUR's ere equipped for load following. In 1987, 1000 load ejustment
operatios : have wpen performed.

3.2 The succass of the lnforsation program
Wow that the constructica ptogtam ie vell advanced, it can be seld that the
ouclest ptogram is eccepted by ths Prench public. But, it le difficule to detect
what hes Less the impact of TOF'e loformation program 1o this ecceptence. Wa have
tha fesling that it is not the osly fectet of thie ecceptancs but ‘(t has been
sassntisl to perform ft.

Our tecommendation could be to undeftake informatioa progtems well adepted
to the local conditiona.

ZDF is ready to share ite expetience with other utilities in this field aa
wel)l ®a 1o #ay other f101d talated to elactrielty.
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WHY IN THE WORLD
SHOULD WE TEACH STATISTICS?

Ed Jacobsen
UNESCO
Paris F-75700, France

Pick up 2 daily newspaper and encircle every item in which
mathematics is required for its understanding or interpretation. Do you
find any equations? Any geometric proofs or trigonometry? Can you
find fzctorizing of trinomials in any of the columns? Instead you will
find charts, graphs and words such as ‘averages’, "trends', ‘projections’,
‘estimates’, ‘correlztions’, ‘unlikely', ‘chances' and ‘improvement’. All
these words are in the domain of statistics. The sports pages abound in
tables of statistics and charts of team standings, batters’ and pitchecs'
records. Graphs and charts appear on the financial page lo show the
interest rates and money market fluctuations, and predictors of rzies of
inflation, changing stock indexes, growths of companies, and volumes of
stock traded. No weather report would omit graphs telling us that it is
colder, wetter, or windier than last month or last year. And the
forecast might be a8 40 per cent chance for rain the next day. A look
a1 the advertisements will find statistics being both used and misused.
The Dominion {1987) wrote 'The fine old tradition of economic charts,
breathtakingly simple with big, black lines soaring and diving
dramatically in illustration of some economic plight or other, was tie
linchpin of Sir . . . electioneering in 1975, the year of the nalional
landslide.* '

You will also find opinion polls on politicians' ratings, on whether
the community should build a new girport or school. on smokers'
perceived dangers 1o their health, etc. Such surveys are now an
accepted form of measuring opinion. It is left for the reader to decide
whether the results are significant, or the poll was without bias.

Why do we find so many uses of statistice in the newspapers?
Many of the decisions we make are based upon incomplete or uncertain
data, and statistics can help us choose. Another reason is that many of
our choices contain a certain risk of adverse effects. We collectively
make decisions about the choice of energy for electricity generation
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with their respective risks of accidental nuclear dischzrge and atomic
waste disposal, or acid min from burning coal; of speed limits on
highways; of sceeptable levels of irradiation of food for pretervation; of
maximum radistion levels in food, water and work-places; of residuals
of pesticides, hormones, fertilizers and chemical additives in foods: of
maximum allowable adverse side-effects of medicines, etc. We must be
able to balance fear and opportunity by understanding the risk of
alternatives. We define risk a5 the probatility of something bad
happening, but with no implicstion about the extent of the badness,
that is, of two different events with the same degree of risk the
badness of one may be very serious while the consequencss of the
other may be slight. How are we to react to the following sentence: *In
the United Siuates of America, abouwt 50,000 people die in sutomobile
accidents each year, lotalling one million deaths in the twenty-five
years of wotrying about nuclear reactor accidents.'?

Most people are poor at measuring and distinguishing between
large and small risks. Insurznce companies who understand risk compare
the number of victims who suffer some adversity with the number of
people who were als0 at -isk by doing exactly what the victims wete
doing, but managed 1o emerge unscathed. Newspapers and radio report
on the victim, but not on those who have done the same actions and
remzin untouched. Urquhart and Heilmann (1984) claims that the lack of
acceptance of 3 uniform standard for expressing risk is one of the
reasons that we argue a great deal abowt certzin risk-related issues,
and the author advocates a sort of universzl Richter scale for risk. We
cannet live in perfect security, s0 we should understand the
probabilities in risk well enough to know the relative importance of the
dangers. Traditional science courses teach us to think in terms of
certinty, which is upwarranted. Educating for risk must be
interdisciplinary because, as Dickson {1985, p. 14) states, the sources of
risk can be scientific, legal, finaticial, social, technological; political or
any combination. Al citizeas should learn risk mesasurememt and the
balancing of risk and benefil. Thus everyone should be comifortable in
the preseace of probability and swmtistics. -

This was summed up well by a report to the British Government
(Cockeroft, 19382, p. 234) which stated that “stalistics is not just a set
of techniques. it i3 an attitude of mind in approaching dats. In
particular it acknowledges the fact of uncertainty and variability in
data and data coliection. It enables people to make decisions in the
face of this uncertainty'.

Statlstics For All

'More people have to read and understand others’ statistics than have
te carry out their own statistical research. A first course in statistics
should therefore concentrate o0 statistics as a language.’ Thus Haack
(1979) deseribed his introductory university course which tesches
statistics as a language rather than 15 a research tool, by emphasizing
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the interpretation of statislics rather thap their calculations. He found
that students who had completed s traditional smtistics course could
understand the statistics they would encountsr in the mediz oo better
than they had previously., His new courte takes examples from the
media and treats them in a strictly varbal, non-symbolic manner.
Treating sratistics a5 a language is even more importaat at school lavel.

After conducting an extensive survey of the opinions from many
sectors of society in the United Suates, the National Council for
Teachers of Mathematics (NCTM, 1980, p. 1) made eight major
recommendations for school mathematics of the 1980s. la the threa
which concerned mathematics content and methods, they recommended
that

. Problem :solving be the focus of school mathematics in the
1980s.

- Basic skills in mathematics be defined to0 encompass more than
computational facility.

- Mathematics programs take full zdvantage of the power of
calculators and computers at all grade |evels. (NCTM, 1980, p.
1).

To organize the mathematics curriculum around problem solving,
students must be taught ‘methods of gathering, organizing, and
interpreting information, drawing and testing inferences from data, and
communicating results’ (NCTM, 1980, p. 3). They daficed basic skills to
include ‘locating and processing quantitative information; collecting
dat;, organizing and presenting daty; ioterpreting data; drawing
inferences and predicting from data’ {NCTM, 1920, p. 7). Problems to be
solved were to come from everyday sjtuztions using real-world data,
and from experiments and problems from social science, business,
science and technology all sources of messy data. Using calculators and
computers, their third recommendation, overcomes this difficulty of
doing arithmetic with such dawa which contain maey digits. These
recommendations underscore the jmpertance of statistics “teaching as
part of the mathematics programme.

In the United Kingdom, the Cockeroft Report {Cockroft, 1982, p.
16, para. 776) included suatistics in its recommendations for school
mathematics.

Statistics is essentially a practical subject and in study should be
based on the collection of data, wheraver possible by pupils
themselves. It should consider the kinds of data which it js
appropriate to collect, the reasons for collecting the data and the
problems of doing so, the ways in which the data may legitimately
be manipulated and the kinds of inference which may be drawn.
Work in subjects such as biological science, geography and
economics can therefore contribute to  the learning and
understanding of statistics. When statistics s taught within
secondary mathematics courses too much emphasis is very often
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placed on the application of statistical techniques, rather than on
discussion of the results of ordering and examining the data and
on the inferences which should be drawn in the light of the
context in which the data have been collected. The work can
therefore become dry and tecrn.. “e-oriented and fail to show the
power and nature of statistics.

What progress has been made?

In 1949, acting upon a resolution ic the United MNations urging Unesco
and the International Statistical Institute (IS1) to take appropriate steps
to further the improvement of education in statistict on an
international scale, the ISI's Committee on Statistical Education was
founded. With financial support from Unesco, the Committee (Gani,
1983} provides statistical information, trains statisticians at training
centres, notably the International Statistical Education Centre in
Calcutta, and organizes round-table conferences on teaching aids,
methods and curricula which are reported in the Review of the
International Stanstical Institure (151, 1971). A Task Force on the
Teaching of Statistics at the School Level founded the journal Teaching
Statistics with the aim of helping

teachers of geography, biology, the sci#nces, social science,
economics, etc., to see how statistical ideas can illuminate their
work and to make proper use of statistics in their teaching. It
also seeks to help those who are teaching statistics and
mathematics with statistics courses, The emphasis of the articles is
on teaching and the classroom. The aim is to inform, entertzin,
encourage and enlighten all who usé statistics in their teaching or
who teach statistics, ’

The journal's editor for the First eight years, Peter Holmes, was highly
successful in achieving these goals. Another task force has organized
two International Conferences Qn Teaching Statistics, in Sheffield,
United Kingdom, in 1982 and Victoria, British Columbia, in 1986, each
with sbout 500 participants. The meetings' proceedings are prime
sources of information about statistics teaching worldwide. To support
professional statisticians, the 1S, founded in 1885, publishes abstracts
and reviews, and convenes biennial statistics congresses which are
reported in their review,

Siatistics used to be taught only at university level, with little
more than the basic measures of averages for secondary schools. Now
many school-ieaving examinations contain 2 statistics option, even at
the advanced levels. But the greatest changes have been in the primary
school, where pupils now gather data, display it in various ways and
draw inferences. In Hungary, statistics has been taught in the first four
years of primary school for many years. Varga (1983 describes how
combinatorics and probability are taught using a probability kit. Pupils
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make experiments about random phenomenz by first predicting the
outcome, then performing the experiment, and finally comparing the
result with the prediction. In seeking explanations, some idess in
probabitity are developed. The present project in lualian primary schools
was inspired by this Hungarizn programme.

More recently, Exploratory Data Analysis has found its way into
classrooms with pupils as young as seven years gid. Using stem-and-(leaf
displays of data they collect, pupils derive new information. The use of
stem-znd-leaf displays does not remove the individual data values, yet
still shows the structure of the set. Older students using box-piots,
rearrange the representation of datz and focus upon particular aspects
so that the underlying structure of the data is teased out and new
hypotheses can be formulated.

Some of the best examples of applications of swatistics and
probability in real-life situations were prepared by the NCTM and the
American  Statistical Association (ASA) Joint Committee on the
Curricutum in Statistics and Probability. The resulting books (Tanur et
al.. 1972; Mosteller et al., 1973) were intended for readers with little
knowledge of statistics or probability, and their style of presenting a
situation and exploring the data for solutions is to be found ia many
subsequent books. The Joint Committee is zI30 responsible for the
Quantitative Literacy Project for students aged 12 to 14,

It is often heard that statistics and probability should be taught
only to the better students, reserving for poorer students more
fundamental ideas, but statistics is now considered 3 basic skill. For
instance, Cockeroft (1982) included siatistical ideas in their foundation
list of mathematics topics for the lowest 40 per cent of the range of
artainment jn mathematics. They would davelop in these students a
critical attitude to the statistics presented in the media, an
appreciation of the basic ideas of randomness and variability, an
awareness of the relevance of probability to occurrences in everyday
life, and an understanding of the difference between and purpose the of
various measures of average.

Increasingly the physical, biological and social sciences are using
probabilistic measures; hence swtistics is coming into the school
curticulum in these subjects. The advent of scientific pocket czlculators
which easily perform statistical calculations, has resulted in school
subjects in addition to mathematics to apply more statistics. This trend
will increase with the wider availability of calculators that not only
make the usual statistical tests and calculate the coafficients for the
regression line or curve, but also gensrate on their liquid-crystal
displays (LCDs) the ‘best-fit" curves. Calculators as mini ‘number-
crunchers’ have made possible the use of data from real-life situations,
allowing siudents to collect and analyse their own data rather than
textbook data which always ‘come out even'. Simulation and random
experiments  (like random walks), data analysis and calculating
probability distributions are all more easily carried out, indeed possible,
with a calculator.
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Who should teach statistics now that it is found in so many school
subjects? Many chapters in this volume stress the importance of
examining data and drawing jnferences rather than emphasizing the
applicatiof  of statistical technicues. Some claim  stiistics is too
important a part of general educur. "3 jis teaching to be Ieft to
mathemalics departments. Because of the desirability of co-operation
between all those who make use of siatistics in their teaching,
Cockeroft (1982) suggests that in each school 2 swff member, not
necessarily a mathematics teacher, be nominated to co-ordinte. We
have lately seen similar suggestions concerning micrecomputer co-
ordination.

Microcomputers now have available statistical packages which with
a touch of the finger give most statistical measures of the data with
many choices of ntarly gutomatic visual displays such as scatter
diagrams with their linear or higher order least-square fits, charts and
many types of graphs. Qur difficulties are no longer in czlculating
these measures, but in interpreting them, Computers have changed ways
in which data are collected, stored, snalysed, graphically displayed and
communicated. Computers, especially microcomputers, offer us new ways
of teaching statistics (Swift, 1984). This has so altered both the ways
in whith statistics is used and how it may be learned that the ISI
devoted its 1984 Round Table Conference to the teaching of statistics
in the compuler age (Rade tnd Speed, 1985).

The teaching of statistics is not uniformly distributed across all
countries. We have seen that some countries offer their students a
general inuroduction to the subject beginning in primary school,
continuing into secondary education s part of their general education,
with possibilities given for more in-depth studies in the senior
secondary classes. Some other countries offer almost no statistics. An
international study which is reported in Barnett (1982) has been carried
out by the ISI to determine the status of statistics teaching. Reports of
an earlier international survey mnd cate-studies from Austria, France,
Nigeria, and Romania are given in Ride (1975), The two ICOTS
Conferences and the International Congresses on  Mathematical
Educalion have heard a number of najional reports which are jncluded
in their respeclive proceedings. These references contzin many
descriptions of nationzl programmes of statistics teaching so they will
not be repeated in this volume. But, as is customary in Studies m
Mathemarics Educanton, 2 more delailed national case-study s
presented, in this case Ttaly. Cutillo, D’Argenzio and Pesarin have
presenied the new primary and secondary-school statistics and
probability programme and the accompanying teacher-education schemes.

Impllcxtions for teacher educatlon
This topic was treated briefly in Volume 4 of Studres in Marhematics

Educarion, where Lennart Ride, in assuming that siatistics teaching m
schools will be within the mathematics curriculum, calls for statistics
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and probability to occupy between 15 and 25 per cent of teacher-
education subject-oriented courses. Rade claims the awmount of
mathematics would not diminish since the statistics courses would
provide opportunities to use mathematics in an applied context. In the
ltalian case study this idea is underscored as they claim
that the ‘introduction of elements of descriptive statistics and the
notion of probability provides a fundamental jnstrument for the
deveiopment of a mathematical awareness of  considerable
interdisciplinary value'. Ride would include in 2 teacher education
programme: the didactics of statistics, work with computers and
calculators, mathematical model-building of situations with clements of
uncertainty and project work. Following the principle of ‘learning by
doing', the above processes would be learned by including project work
and model-building of real situations in the programme. In ltzly, they
found that in degree coufses in science, and even mathematics, no
provision is made for the compulsory teaching of statistics and
probability. and when they are included as optional subjects, they are
geared to research and not towards teaching in schools. An ltalian
experimental progmmme was bégon a decade ago for the better
preparation of teachers in training for the new syllabus, which includes
substantial amounts of probability and statistics at primary and
secondary levels. A fundamental difficulty in teaching statistics,
according 10 Steinbring, i that students are brought up with a
deterministic view of the world, one which has unique answers based
upon deduction. Statistics is concerned with inference rather than
deduction, where several different inferences may be drawn from a set
of data, each with different likelihoods of being true.

For those who are 10 teach subjects usiog statistics, some training
in statistics must be given. Many students of these subjects will have
had no prior statistics and hence their teachers must be prepared to
introduce statistical methods. And for all other teachers, if they are to
develop in their students the criticzl approach to data which has been
advocated, some training in statistics will be required. Few practising
teachers have had an adequate probability and statistics education, so
in-service courses should be provided. In the United Kingdom, the
Schools Council Project on Statistical Education (Holmes, 1983)
developed materizls for in-service courses, which were organized in
regional centres set up for that purpose, Statisticzl co-ordinators
appointed 1o develop interdisciplinary co-operation in their schools were
given workshops and continuing support from these centres.

This chapter began with a look at the newspapers. Let us end
with the response of one of the more influentizl statistics educators
(Swilt, 1983) who, when asked the question, 'Does the mathematics
curriculum reflect the world in which we live?', after looking at this
world through newspapers, called for the use of newspaper clippings in
the classroom both to learn about the everyday use of statistics and as
a source of problems leading to further investigations in statistics. With
exploratory methods of looking at and analysing statistical data, we
may educate all our future adults t0 take their place in collective and
individual decision making.
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THE EVALUATION OF TERATOGENIC RISK
IN THE FAMILY PLANNING CLINIC

Andrew Czeizel
National Centre for Healt and Epidemy
Budapest, Hungary

I am a medical doctor, my speciality is medical
genetics and teratology. One of our main activities is
to prevent conjgenital anomalies by counselling of families
in our Genetic end Teratologic Clinfc. I would
like to highlight some of the teratological dilemmas
connected with risk from our everyday work which cause
both practical and ethical problems.

1t is important that we spesk a common language
so first I shall define some terms.

In the narrow sense, teratology is the study and

prevention of those congenital anomalies developing in

the period of fetal development caused by environmental

factors,
Counselling of families is based on risk assessment

and risk management, Risk assessment involves three steps:

1/ Exposure assessment - in particular I want to deal with
drug ingestion during pregnancy

2/ Hazard or outcome identification, i.e., congenital
anomalies

3/ Risk estimation - the teratogenic risk ia the probability
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of the occurrence of congenital anomalies after & given
exposure. e.g.. the use of a given drug during pregnancy.
It is based on observational studies thus we talk of
enplrical risks.

The risk management again involves three items:

Information - the counsellor informing the counsellee

about the risk and options

Confirmation of understanding

Continued support of the counsecllee after they have

made a decision to prevent or reduce their gpecific risk,
The emphasis of my presentation concerns the second

point of risk management and it has five different aspects.

I, Some counsellees are unhappy to face the risk

All actions have benefits snd risks. However, the
majority of people focus their attention on desired aim
and to forget risk. When couples plan to have a baby they
frequently say: "We want to have a perfect baby" that is,
of course,they hope to deliver a healthy fetus. Hov ‘er,
we, counsellors,have to tell them that there is a so-called
random risk of having a malformed baby. This is about 3%.
Several couples are upset after this information becsuse
they have considered only rosy possibilities. Surely
awareness of this random-background risk may contribute
to declsions to reduce the number of children. Furthermore
lack of understanding of euch a risk produces unnecessary

anxiety in pregnant women and can overshadow the joy of
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pregnancy. In general a long discussion is needed to explain
that it is not poésible to exclude random risk, at best
we can reduce it by ‘optimal family planning® and after

this the low random risk is usually considered acceptable.

I1. Sometimes the risk of a not-serious problem ig
.ekuggeroted

Tetracycline is a useful drug in the treatment of
infectious and inflammotory disecases., These illnesses may
occur during pregnancy too. 1t became apparent that
tetracycline can across the placenta and be deposited in
bone. It may couse discoluration of teeth., However, this
only effects the milk /first, deciduous/ teeth, not the
permanent teeth. There is ebout a 20% rigk For discolouration
of first teeth after a long inteke of tetracyclines in the
sccond half of pregnancy. 1t does not appear to be o sérious
problem and it is acceptable if the treatment of the
maternal disorder is oppropriate during pregnancy. However,
the misunderstanding of this risk causes ot least two
dangerous consequences. On one hand, the necessary medical
treatment of the mother during pregnancy is neglected and
moy contribute to o grcat s2verity of her illness. On the
other hand more than hundred planned pregnancies each
yvear gre terminated on the basis of so~called medicel
indication but without reasonabla justification. If we
screened the adult populaltion, msny people with discoloured

teeith would be detected. e.qg., smokers with their yellow
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teeth. I do not believe that society feels such people
should be exterminated. Such ignorance about risks and

consequences leads on to the ne. © noint,

I11. Ilnapproprialte risk management

In general medical doctors are sought out because
of the possible consequences of & concrete, i.e., specific
risk, Our task is to do our best Lo exclude it or reduce
it as nuch as possible. However, in our work we cannot
neglect the above-mentioned random risk. Therefore we
might say: “Your chances of having a child affected by a
congenital hnomnly is twice as high as that of other couples
in the generasl population®, It means a specific risk of 33
plus the random risk of 3%. Cur responsibilily concerns
primarily specific risk. However, after even sfter medically
correct advice has been given and specific risk prevented,
the random risk means that 3% of our counsellees may kave

another anomaly. If this happens, parents could sue

the counaellor for damages suggest professional negligence
in court. This explains why I say that random risk is the
Domocles’ sword of our profession which hangs over our heads
and sometimes falls.

Medical doctors are protected professionally and
also legally against the occurrence of random risk,so it
is not a real danger. Yel, the possibility of a lawsuit
exists, which causes concern and could even ruin the reputstion

of a medical dogtor. This &nxicly provokes two different
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consequences. First, the practice of ecounselling in the
West is restricted to providing informotion and support
and refrains from directive counselling., /In gencral this
motivotion is not mentioned and mainly the general principle
that “the rig 0 have children is a human right which
nust not be unduly influenced by counselling’ is stressed./
The point is thot this -non-directive counselling method
allows counsellors to avoid legol liability in coses where
an anomaly results os monifestation of the rondom risk.
Second, In Hungary many medical doctors feel that it is
simpler to recommend termination of pregnancy when they

ore otked about the terotogenic risk of drug vaee during
pregnancy. On one hand Gthey are not well-informed in this
orca duc to the inadequacy of their education. On the other
hond they do not want to foce the rondom risk. Yermination
of pregoancy helps to avoid the responsibililty olthogether.
This is true. When we rccommend the continuotion of o
pregnancy, the consequences of the random risk may occur
at apny time. However, cach profession and each type of
work has its risk. This epplies also to medical work ond,
within it, to the work of medical geneticiata.AWC nust

do our best to reduce such risks, but we must occept that
some risk is necessorily assoclaled with our octivity and
rely both on the laws of nature and on Qur own competence,
only umvorthy amateurs can profess the warning often heard

also in our country: "if you do nothing, you risk nothing.®
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Iv. uUnbalanced perception of different risks

Sometimes 8 drug use durina pregnancy may have some
true teratogenic risk. For example un antifolste metasbolite,
metothrexate has 8 teratogenic ricsk of sbout 5% mainly
csuses microcephaly, i.e., small skull. This drug is used
for autoimmune disorders and cancer. In general after they
sre given sccurate informsation concerning risk, medical
doctors and trested mothers want to terminste their pregnancies.

Undoubtedly the beginning of life is the conception
thus the termination of pregnancy meons the killing of the
fetus with a 10C% riak. Thus, in these mothers’ minds @

5% risk for e postnatsl anomaly csused by the drug is more
important than the 100% risk for prenstal deoth caused by
human action. I know there are many arguments concerning
the differences between pre- and postnatal life/the infant
has =z separate physical existence from the mother, it is

more available to physicians for treatment and elso thsat

parentol acceptance gooes thfough a gseries of behovioural

changes during pregnoncy/. Nevertheless I sm not sure
whether a8 good balance is achieved when o 5% postnatal
risk outweighs s 100% prenatal rislk.

I cen show you the sttributable risk of different
etiologicel categories in the origin of congenital enomalies

besed on Hungarian dato:
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Major genes 6%
/hendelian inheritance/
Chromosome aberrations 5%

Multifsctorial
/polygenic lisbility+triggering
environmental factors/ 50

Teratogenic factors 4%
/orugs 0.2%~1.0%/
Unknown 35%

(4

Thus, in Hungary we would expect each year about 50
congenital anomalies caused by drug use during pregnancy.
However, 1 OO0 pregnancies ere terminated due to this reasson.

In my opinion it is & threatening misunderstanding of risk.

v, Help or violation of human rights?

As I mentioned, the so-cslled non-directive method
ia used in genetic and teratogenic counselling in the
wWestern countries. IL involves providing information sbout
risk and aveilable medical and personal options, but does
not involve direct advice. We wanted to uwse this method
in Hlungary too. But our counselleas were not satisfied
with us. They wented 'to get - as they said - more help and
not only ‘information®. It means that they expected to get
concrete advice on what to do. Gemerally medical doctors

tell their patients what to do, i.e., when, in what doses

and how to take the prescribed drug. Finally we developed

a method which basically consists of advice given in an
indirect manner relating it to ourselves, e.g., "in your

sase 1 would undertake o pregnancy without sny concern®

when there is no real risk., This system works well, However,

when 1 reported on our method in Heidelberg in 1978 at the

151

Q

RIC

PAFullToxt Provided by ERIC




Q

ERIC

PAFullToxt Provided by ERIC

European Conference of Medical Geneticists, some experts
from the western side of Europe critized me saying they
were not surprised that numan rights were not respected

in East-Eurvpean countrivs anyway - but that our method

wag very inappropriate in the practice of medical genetics.
1 do not know who is right. It-is possible that so far

our country has not had a democratic social system and
people have become accustomed to following the advice or
conmand of the authorities in power. If this is the case,

1 hope that it will be modified in parallel with the recent
heneficial changes in our political system. Howcver, there

is another argument. In risk management, as in other things,

it is necessary to take into consideration the expectations

of people given their local cultural circumstances. Right

or wrong, Hungary is my country.

The fact that risk is never zero leads to the concept of acceptable risk. The
pupils speak in "0 or 1" terms. I start my first mathematical lesson by saying
that every decision we make implies probabilities.

John G. Kemeny




MEDICAL DIAGNOSIS, IONIZING RADIATION
IN PHYSICS EDUCATON

Uri Ganiel
Department of Science Teaching, Weizmann Institute
Rehovet 76100, Israel

i.  Introduction

In recent years there has been a growing awareness to the importance of emphasizing the
applicability and relevance of science to everyday life in  school science courses.
Consequently, teachers and curriculum developers have begun to produce learning materials
which demonstrate practical applications and emphasize the role played by science in cur
highly technological society. Most of these courses are aimed at non-science oriented
students.  Science courses for students in the scientific streams have generally not followed
these trends. This has led to a situation in which "serious science™ and “relevant science®
have become almost mutually exclusive (Piel 1981, Eikenhof and Swager 1984, Hodson and

Prophet 1983). This criticism certainly applies to the Israeli high school physics curriculum

{grades 9-12). This curriculum includes a wide vaiety of subjects such as optics, waves,

mechanics, electricity and magnetism and some topics in modern physics. The program is
concluded by two electives which are designed 1o introduce topics which go beyond the
standard syllabus. The coutses take a theoretical approach to physical phenomena, and
there is not much emphasis on applications or on technological, physics related aspects. We
therefore decided to develop a new physics ynit and to introduce it as one of the elective
courses taught in 12th grade.

The unit "Physics in Medical Diagnosis™ aims to demonstrate a variety of aspects of applied
science by means of an example. [t presents a real life problem and an analysis of some of
its practical solutions. The basic structure and content of the course are outlined in Figure
L A detailed description of the unit and its rationale was presented previously {Ronen and

Ganiel 1984).
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Figure 1: Content and structure of the course

Part 1. Introduction of the problem

How to "look inside the human body" in a non-destructive manner.

Suggested sclution: To use radiation (emergy) which penstrates theough the tissues The

emanating fadiation cacries tome information on the structure of function of intetnal otgans.

Such infermation may be gained in different ways:

1) By amalyzing the radiation which is transmitted through the examined ares.

2) By inserting, in a selective manner, 2 source of tadiation into the examined arex and
tracing the emitted radiation.

(3) By analysing the radiation which is reflected from the examined area.

Each of these methods is demanstrated by an example of 2 lechnique which is widely
used in dizgnostic imaging.

Part 2. Pant 3. Part 4.

x-Rays Radicactive Tracing Ultrasound

Transmission Tracing Reflect jon

-]

Parts 2, 3 and 4 have 3 similar steucluce, presenting:
* The relevant physical principles.
The imaging methad, application and analysis of real data.
* The Rmutation and the comstrzints imposed by undesited physical phenomena, by the
technology and by safety considerations.

Part 5. Discussion
General ptinciples of non desttuctive testing

Visit 10 2 hospital.
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2. Special characteristics of the unit

The unit "Physics in Medical Diagnosis® introduces an example of applied science in a
comprehensive manner. It aims at performing a fairly detailed analysis of the specific
application of the physical principles to lh\e solution of a given practical problem,.
Furthermore, it teaches students to consider the broader aspects involved in real life
applications, such as technological limitations and safety considerations.

The unit has therefore some special characteristics which are different from those of a usual
physics course in high school.

The basic physical principles and phenomena are assumed as prerequisites. They are only
stated without the full elaboration given in regular physics courses.

Physical phenomena are dealt with in the manner in which they actually appear in the real
world:  different phenomena may occur simultanecusly, and there may be an interaction
between different phenomena. For example, the interaction of electromagnetic radiation with
matter involves the occurence of both the photoelectric and Compton processes, according to
pibabilities which depend on the properties of the material and on the energy of the
radiation. The understanding of these complex relations is necessary for analyzing and
controlling the efficiency of the x-ray imaging technique. Furthermore, dealing with practical
applications implies an integration of knowledge which is usually acquired in separate physics
chapters, such as electricity, mechanics, optics or atomic physics. This integrative approach
is emphasized in the course, in contrast to the isolated approach usually taken in the
traditional physics lessons, In fact, for the student, this integration is by itsell a “new
physical phenomenon®.

The problems and exercises presented in this unit do not necessatily have a unique
quantitative solution. Rather, they may require broader considerations and application of
optimization procedures. Furthermote, many problems are not "pucely physical® since they
involve the interference of technological aspects and safety considerations.

The unit includes a chapter on "the biological effects of ionizing radiation®. This chapter
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introduces the basic concepts and provides quantitative information that will enable the
students to comparatively evaluate the exposure doses from various sources. Also included
in this chapter is a decision making game, which 1. "' “e discussed in more detail below.

The course is concluded by a visit to a medical center, aimed to actually demonstrate the
applications dealt with in the unit and to enable the students to address all their "medical®

questions to professional experts (Renen and Ganiel 1989A).

3. lonizing Radiation - why deal with it in school?

Duting the fitrst 3 years of implementation of the unit discussed above, the teaching and
learning wetre monitored and evaluated in great detail.

During the initial phase of formative evaluation, we became acutely aware of certain issues
related to the cantents of the course, yet of more general implications.

In general, conventional science syllabi tend to shy away from areas of uncertainty which
deal with social aspects of science, where scientists are not able to provide definitive
answers. As a result, attitudes regarding science related issues are often shaped by 8
information absorbed at home, from mass media, or from other incidental sources.
Although this information may be strongly biased, incomplete, of even incorrect, people
become accustomed to accept what they hear without experiencing it or understanding it for
themselves.

Very often "we ate quite unable, as a society, lo distinguish between sense and nonsense
when it comes to science™ (Saxon 1983). Even Meducated, intelligent, inquisitive people are
unable to consistently bring informed judgement 1o bear on questions connected to science
and technology, questions often vital to the welfare of each of us and indeed to the future
of the world" (ibid, 1983).

The topic of ionizing radiation and its biological effects is a typical example. Its growing
interference with everyday life, because of the widespread use of ionizing radiation sources in
modetn technology, and its controversial aspects, make it an issue of special interest

(Howes, 1975; Lindenfeld, 1977; Eijkelhof, 1987},
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Despite its relevance to everyone's life, and the large amount of objective scientific
knowledge already in existence, this subject is usually avoided in traditional science courses
for high school, and even in universities, thus allowing students no chance to present or

confton! their appraisals.

. For example: The debate over nuclear power rages now more fiercely and less rationally
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than ever. We are exposed to strong and very determined opposite opinions on this jssus.

VWhom are we to believe, and how are we to know?

One of the most important responsibilities of science educators is to make their students
adopt an informed approach, By that we mean, that a person forming an opinion on a
science-related issve should ask:

What kind of basic knowledge can help me form my own informed judgement?

Do | possess such knowledge?

What are reliable objective sources for the necessary information?

A wvery effective way to encourage such an approach is to make students realize the need
for it, by themselves, through a personal experience. In the following section, we describe

an example of such an experience.

4. The game "Beware-Radiation!" First stage: Appraisals

Subjects were asked to express their personal appraisals of different situations concerned with
exposure to low levels of radiation {Figure 2).

The game questionnaire was given to subjects of different personal backgrounds: high
school students who studied physics, students who did not study physics, high school physics
teachers and educated adults with no scientific background. All subjects were initially asked

to fill column | only. The grading p.ltern repeated jtsell consistently among all subjects.

Q
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Figure 2: The game sheet.

Beware - Radiation!

The following describes different situations which affect the level of exposure of a

person to ionizing radiation.

Assume that situations B-H differ from the “lsolated Man" (A} only by the factor

mentioned.

On a scale of 1 to B grade the situations A-H according to their total annual exposure to

radiation. (L - maximum exposure to B - minimal exposure)

| Il
Estimate of
Scaling  annual dose

(L8) (pSwi)
A - An "lsolated man" lives on the beach
(no madern technalogy available}

B - Watching TV for B hours 2 day ~

C - Living in Jerusalem
(altitude: 800m above sea level)

[ v
Repeated fl-mg
Scaling

(1-8)

D - Living near the Dead Sea
{400m below sea level)

E - Living 10 km from a nuclear power
station. (No accidents)

F - Having one X-ray of the chest
taken once during the year

(3 - Taking a 3 month trilp_ to the
t1

mountains (3000 m altitude)

H . Makes 5 Uansatlantic flights
(20.000 km each) during the year
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Analysis of variance (Table 1) revealed the following patterns:

A high exposure group including the Martificial sources” of TV, X-rays and a power plant, a
second group including Prather unusual situations”, and a third, lowest exposure group,
including the Pordinary/daily" situations (Subjects used these definitions when trying to
explain their initial gradings).

All students and most of the teachers reported that their gradings were Mintuitive” but
based on "well known facts...®

As can be seen from the sample analysis, grading intuitions turned out to be very similar,
among subjects and between groups.

We found a single significant difference between teachers’ and students’ gradings: Teachers
attiibuted higher gr;diﬁ;‘g {lower exposure) to situation E (living near a nuclear power plant)
than students. We can only speculate on the reason for this difference: Physics teachers
are more knowledgeable about this particular technology than their students, hence regard it
as less risky.

Table 1: Analysis of gradings

*Physics® Students (N=65) *Non Physics® students (N=31) | Physics teachers (N=130)

Silualion Grading Situation Grading Situation Grading
Mzan (S.D.) Mean {5.D.) Mean (5.D.)

2.5 (L) 2.3 (1.3) 23 (L)
2.9 (£.9) 2.3 (1.6) 2.9 (1.6)
2.9 (1.8) 2.8 (1.5) A
, , 15 (189)
41 (L15) 45 (1.3) 42 (23
4.7(1.9) 49 (19) 44 (15)
4 L] an
5.5 (1.8) 5.7 (14) 5.3 (1.5)
5.5 {1.5) 59 (1.3) 6§90 (2.0

* Signilizant diference betwaen groups (p < 0.08).

+ Ho ignificent difference belmeen exlreme gradings of adjscant groupt.
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5. lonizing Radiation and its Biological Effects - A class activity

The topic "lonizing Radiation and its Biological Effects®™ was initially introduced as one of
the chapters in the unit "Physics in Medical Diagnosis® described above { §-2.). We found
during the evalvation of the unit that this topic was of special interest. A typical student
remark was: "This topic should be taught to every student in all schools®.

Students and teachers’ responses, including their gradings of situations involving ionizing

radiation (§4.), convinced us that this material is indeed too important to be left to

incidental teaching or even worse - to be totally negnected.

Thus, a short stand-alone class activity was developed, dealing with “lonizing Radiation and

its Biological Effects". This activity can be effectively inttoduced at any high school or

college level, both scientifically or non scientifically oriented, The activity aims to:

* Introduce the basic concepts and terminclogy needed to deal knowledgeably, both
qualitatively and quantitatively, with the subject.

* Make students realize the difference between beliefs and knowledge, encouraging them to
seek the basic knowledge needed to form their own informed judgement on science
related controversial issues.

* Demonstrate the limitations of science to provide definitive answers to some important

questions and stress the nature of hueman choices and value judgements involved.
Description of the class activity
The activity is organized in the following stages (summaiized in Table 2):

1) Introduction of the game sheet "Beware-Radiation". Students introduce their own

appraisals (Column | of game sheet - Fig. 2).

2) Introduction of basic concepts and terminology. as concise answers to the following

questions:

What is ionizing radiation, what are its sources, and what is the mechanism of its

biological effects?
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Table 2: Structure and content

of class activity

Dutation

Conlent

Activity

(5 mir)

Beware-Radiation:
Game-Sheet (Column |)

Individual activity

(50 min)

lonizing Radiation
and its Biokogical
Effects: Intreduction
of basic concepts and
tetminology

Lecture/class discussion/
exércises

Bewate-Radiation
Exposure estimalions
based on information
from the Information
Sheet.

Individual/group assignment
or teather coordinated activily.

Evaluation of
game resulls,

Free class discussion.

Estimates of effects
of Low level radiation:
a controversial issve.
Safety measures.

Lecturefclass discussion/
examplcs

Haman choices and
value judgements.

Open discussion

E

What are the possible immediate somatic, defayed and genetic effects of exposure to
ionizing radiation? (qualitative aspects).

How do w: measure exposure to radiation? - Definition of(rad and rem units and more
recenlly) the Gray and Sievert.

What are the relevant factors aff-cting the biological response? (dose, kind of exposure,
radiation source, duration, part of body exposed, critical organs) - A class discussion.
What are the estimates of biological effects of high doses? (radiation sickness, lethal
dose, delayed and genetic effects).

What is the natural background ragiation. its sources and quantitative estimates of

exposure levels,
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What are the estimations of exposure levels from different artificial sources? {quantitative

examples}).

As already emphasized, the aim of this part is to introduce the basic concept and tools
for dealing knowledgeably with the subject. e restricted outselves to a purely
informative approach. To ensure understanding of the concepts involved, students were
challenged with questions such as:

Which of the following exposures is more dangerous: 1 Gray to whole body, or 1 Gray
to the arm?

This question lests the real understanding of the definition of the Gray unit. Both
students and teachers seemed to have difficulties with answering this apparently trivial

question.

Estimate the rise in body temperature caused by the exposute of the whole body to the
lethal dose (5 Gray). Assume that alf radiation energy is transformed into heat. Use
the specific heat of water (4.2 J/°Cg). The result {0.0012°C} causes much surprise:
despite the previous explanation of the mechanisms of the biological effects of fonizing
radiation, most subjects still seem to attribute a strong “thermal connotation® to
radiation dangers.

This stage consists of a quantitative estimation of exposure doses for the diffc :nt

situations presented in the game "Beware-Radiation”. The calculations are based on data

presented in an Information Sheet given to the students (Table 3).

Participants fill out columns ILIIl of the Game Sheet. Column 1V and its total, used for

calculating the differences between initial and repeated scalings, introduce the competitive

element of this activity.
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Table 3
Information Sheet

ESTIMATES of exposure to radiation”

Source of radiation Annual Dose
(in 105 Sievert)

Cosmic cadiation at sea level 30
Effect of elevation: for each 1800m
elevation the exposure is doubled.

For estimation of annual exposure to cosmic

radiation at altitude h(m} use the relation: 30.2h/te00

Natural ground average from minerals and

construction materials 30

Food, water and air 30

Chest X-ray . i0
Radiopharmaceutical examinations 300-500

{per examination)

let plane travel - for each 4000 km

T.V. viewing: Fot each hour per day

Nuclear plant (maximum allowable dose)
At site boundary
8 km away

Over B km away

* Revised from the BEIR Report (1980).
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4) Reactions: Evaluation of Results.

This stage is a free class discussion, during which participants express their reactions,
feelings, and conclusions.

We found that the fust typical ieaction was one of surprise. Then, when subjects realized
the similarity of their initial gradings. there came the stage of "sell evaluation®. The
following arguments are based on statements made by the paiticipants themselves. Initially,
subjects felt quite suie of their ptimaiy giadings, because at the time they believed them to
be based on well known facts ..". Later, having been exposed to the relevant information,
they atrived at the conclusion that lack of any basic knowledge on the subject resulted in a
"reconstruction of facts™ in a manner which would match them to beliefs adopted
previously. Since the sources for popular beliefs were similar, so were the "reconstructed
facts® (for example: "Radiation from TV is dangeious..").

5} Duiing the stage, the special problems invalved in estimating the biclogical effects of low
levels of i1adiation aie presented. These include:

- Possible sources of information.

- The linear extrapclation theary and its limitations [ quantitative example}.

- Different opinions on this issue.

-Safety measures for radiation protection {maximum allowable doses).

6} The aclivity is concluded with an open class discussion. Contioversial issues are brought
up, and their complicated nature is emphasized. Vaiious decision making processes include
more than purely scientific considerations. Often, political, economical and other interests

come into play.

All these questions, involving human choices and value judgements are left upon, suggesting

further reading.
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6. Attitudes towards energy related phenomena and occupational risks

As already mentioned, the unit "Physics in Medical Diagnosis™ ( § 2) was carefully

evaluated duiing the first 3 years of its implementation (Ronen and Ganiel, 19898). The

evaluation made use of a variety of measurements: pretest and post-test questionnaires,
detailed analysis of student achievements, classtcom observation and interviews with students
and teachers. Whenever relevant, the results were compared with those of a matched
control group of 12th grade students whe did not study this unit.

In the present paper, we shall limit our discussion to two aspects out of a larger variety
ivestigated.

a. Perception of energy phenomena

One of the aims of the evaluation research was to check whether studying the unit had any
effect on the perception of the energy phenomena dealt with in the uanit: x rays,
radioactive radiation and ultrasound.

We concentrated on two specific dimensions:  the perception of the utility of the
phenomenon, and the danger attributed to it.

Bach student was asked to mark a position on a 7-point scale (semantic differential
questionnaire) for each adjectival pair (safe-dangerous; beneficial-harmful) representing his/her
attitude toward the energetic phenomenon.

Student responses reflect their immediate, associative attitu.e towards the concept; Oaly 3
{out of 269) students added remarks like: "it depends on the way you use it...*

This dttitude questionnaire was used as a pretest and as a posttest in both the expetimental
and control groups. The summary and analysis of student responses is given in Table 4,

and presented graphically in Figure 3 for the experimental group.
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Figure 3: The perception of energy phenamena. D Pre-test

Clrost-tes:

radioactivity ultrasound

dangerous | I 1
1

?
haraful beneficlal

Table 4: Attitudes towards energy Phenorena

Experiments] group: pretest Held7;  pois-test NeB2
Contrel gTowvp ¢ pretest N=i23: post-test A-81

berefilesal {7) - haraful (1) safe (7)-dengercus (1)

Experinental Control | MMOVA for grow | Experimenual Control | ANOVA for group
Hean (5.0.) | Mean {$.0.)] means F {F} Haan (5.9, Pean {5.0. mars F (P}

pretest €.9 (1.8} &3 0. 130 32 )
L-rays 7.9 ko.o1} 9.8 £0.005)
fosT-test 5.8 (1.3} .9 1.8) 4. {1.¢) 3303

pritest ¢ 1.9) 2.3 (2.0} &$ E0.0001) 1.5 (0.8} 1.5 {0-8) £0.9 k0.0001}
Radioactive
cadiation

post-teyt 5.2 {1.4¢) 3.2 12.0) 2.8 (1.3 1.6 {0.8}

pretest &6 1) 4.6 (1.7} €3.3 ko.oo01) | 4.7 (1.3) &6 0.7 50,5 K 0.0001)

Ultrasound
pcst-test 6.1 {1.1%) 4.5 (1.7) §.3 {(1.0%) 4.6 {1.7)

pretest 5.6 {1.7) 5.1 {1.5) 1.0 {1.7) 3.2 (2.0)
1.44 (X$) 0.13 (K5}
past-test 5.6 (1.6) 5.6 (1.5 3.7 (1.8) 17 {2.0

© Significknt diffecerces beturen pretert 4nd port-tast variances
in tse exptrimatal grow {p< .01




165

No significant differences were found in pretest attitudes between the groups, ot between
pretest and postest responses of the control group.

No significant change occurred in the perception of Laser radiation - a phenomenon that was
not mentioned in the new unit. However, the prefpost s-alysis reveals significant changes
in the way students from the experimental group perceived the energy phenomena dealt with
in the unit (Table 4, Figure 3). In general, after the study phenomena were regarded as
more beneficial, and were perceived as safer (or less dangerous) than before. Furthermore,
there were some significant changes in the distribution of student responses. These changes
were found in the following dimensions:

After the study sadioactive radiation was still perceived as the most dangerous phenomenon
{though fess dangerous than before), but the unranimity of responses (reflected in the smaller
5.D.) was less pronounced.

Af.ter the study ultrasound was perceived as the safest and most useful phenomenon. The
distributio.: of opinions on both dimensions was significanily reduced.

The-changes in student perception of these energy phenomena were apparently a result of
studying the new unit which deals with beneficial and constructive applications.

The different impact on student perception of the different phenomena can be attributed to
the gaps between knowledge acquited during the study and students' preconceptions. The
large effects (on means and distribution) on the perception of ultrasound are probably a
tesult of the relative ignorance of the students about this subject, prior to the study of the
unit. The large effects (on means and distribution) on the perception of radioactive
radiation are probably a result of strong negative preconceptions 25 well as lack of
knowledge. The smaller effects on the perception of x-rays can be attributed to the fact
that their application is familiar from personal experience. Previous perceptions are already
tather balanced, and the realization of the utility as well as the awareness to possible
hazards were already present prior to the study.

Detailed analysis revealed another intetesting aspect. We found a (Pearson) correlation of
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0.4 (p=0.0006) bctween the "danges® gradings for x-rays a.d radicactive radiation in the
post-test gradings of the experimental group. All the other correlations between the
gradings of the different phenomena, in both groups, were practically zero.  This correlation,
which appeared onfy after the study. is attributed to the identification of both phenomena
as jonizing radiation, having the same mechanisms of biological effect.

b. Occupation Risks

Another question which was stedied in the evalvation research was: Is there any change in

student perception of the occupational risk of professions that might involve exposure to
radiation, as a result of studying the unit? r'

Students were asked to grade eight given professions according to their occupational risk,
before and after the study (1 - highest risk, 8 - lowest). The gradings were compared to
the control group sesponses (Table 5).

In the pretest, professions that were perceived as related to exposure to radiation were
attributed the highest risk level by both groups.

No significant differences were found between experimental and control graup pretest
gradings or between control group pretest and post-test gradings.

A number of significant changes were found, in the post-test, in the experimenta! group
gradings. The "radiation related” occupations were -perceived as relatively less dangerous
than before, while the relative occupational risk attributed to flight attendant was higher
than before. This tast change can be specifically attribeted to studying about cosmic

radiation and fts characteristics.

7. Concluding Remarks

The unit "Physics in Medical Diagnosis™ was designed to introduce some important aspects
of applied science into the high school physics curricelum.

We wish to emphasize that this is not a soft science unit, nor does it replace studying basic
physics. Its special importance is due to the opportunities it provides for stuedents to deal

with practical, real life applications of physical principles is an interesting. human context.
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Table 5:

Occupational risk gradings

Experimental group H=97

Control group

Decupation

Haan
{s.0.}

Gr:lu;:vingl

+
Grouping

Pretest

Engineer at a nuclear
porar plant it

2,
Q.

Engineer at a nuclear
power plant

Plot

Pilat

Policeman

%-ray Technician

X-ray Technician *+

Pollceman

Construction worker

Construction worker

Taxi driver

Taxi driver

Flight attendant **

Filght attendant

physician

Physiclan

Post-test

¢llat

Engineer at a nuclear
power plant

Flight sttendant #+

x-ray Techniclan

Tax{ driver

rilot

Policeman

Policeman

Construction worker

Taxl driver

x-ray Technician s

Construction worker

Engineer at a nuclear
power plant b

Flight attendant

Physician

6.5
(1.5)

Physlcian
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* DUNCAN grouping: Mo significant differences between groups marked by the

same letter.

*¢ Significant differences between pretest and post-test gradings (pe.01),
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Qur evaluation study revealed that the new unit was implemented successfully and was

inlegrated well into the existing physics program. Its level of difficulty was found to be
similar to that of conventional topics like Mechanics, and students' achievements in the unit
were relatively high and in correlation with their achievements in other topics in physics.
This new unit was evaluated by the students as the most interesting topic taught in their

physics program. The special interest was attributed to the applicability and the relevance
of the subject to every day life. .
The prefpost study showed that leatning the unit affected the way students perceived energy
phenomenz dealt with in the unit. In general, after the study the phenomena were regarded
as more useful and less dangerous than before. As to the danger attributed to icnizing
radiation, we found that extreme opinions were moderated while the range of opinions was
diversified. This effect is attributed to the study of the chapter on the biological effects of
ionizing radiation, during which the students were exposed, for the first time, to the basic
terminclogy and to some gquantitative information on this subject.

One of our most important roles as science teachers is to prepare our students to contribute
effectively as informed members of modern society. We would like to argue, that a missing
ingredient in our science curricula is the link between pure scientific knowledge and the way
it may affect our opinions and value judgements on controversial science related issues.
Such a link can be created by stressing the practical value of scientific knowledge. Even
short, stand-alone activities like the one described above { § 5.) can serve this purpose.
Such activities contribute to the interfacing between science and real life, help to convince
students of the practical value of scientific knowledge and may be effective in encouraging

informed judgement on science related issues.
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PUPIL’S PERCEPTION OF RADIATION RISKS
AND ITS RELEVANCE FOR EDUCATION
' H.M.C. Eijlelhof, K. Kiaassen, P.L. Lijnse
Centre for Science and Mathematics  * -tion, University of Utrecht
Utrecht 3508-TA, The Netherlands

1, Introduction

In the last decade a number of studies in social science have been devoted
to risk perception of the public, what we mean with 'perceived risk’ ie well
described in a study group report by the Royal Society:
“tha combined evaluation that 1is wade by an individual of the
likelihood of an adverse event occurring in the future and its likely
consequences® {Royal Society, 1983, p, 94),
These risk perception studies sxamine the judgments people make when they
are askad tO0 characterize and evaluate hazardous activities and
technologles.
An example of auch a study was reported by Slovic and hia colleaguea (1979).
They compared the risk ratings of lay-people and experts on thirty different
activitiea and technologies according to the present risk of death from
each. The activitiea included for instance smoking, nuclear power, police
work, X-rays, power mowers and vaccinationa. It was found that nuclear power
was judged as extremely rieky by the public and far less risky by the
expertes. Rather the opposite wae found on X-rays: they were seen as quite
risky by the experts and much less risky by the public,

Comparable results about the differences in risk perception on X-rays and
nuclear power among secondary achool pupile were reported by Eljkelhof
(1986) and by Ronen and Ganiel {1989). They both reported some changes in
risk perception due to education.

Limitations of these studies are that they do not provide much insight into
pupile' beliefs underlying risk perception nor into reasoning on radiation
risks, and that thaey are limited to o'nly two contexts: X-rays and nuclear
power. In this paper we will report some of our recent work trying to
overcome these limitations. To this end we interviewed pupils about the
risks of radliation in a variety of contexts in an effort to get more insight
into their ideas and ways of reasoning kefore they received education on
this topic in phyaice classea.

2; Interviews amont pupils: research procedute

We interviewed 1% groupa of two puplls about thelr ideas about radliatlion
(affective and cognitive). Each group wasa asked questions about threa
contexts out of a set of five: background radiation, medical applications,
nuclear power (Chernobyl), the storage of nuclear waste and food
irradiation. The questions were of an open nature and could not be answered
simply with 'yeg' or ‘no', At some polints in the interviews, photographs
{e.9. of an X-ray department, irradiated food, a food irradiating roc.a and
radioactive wasts vessels), drawings (e.Q. of a pie chart on background
radiation) and short newepaper cuttings (e.g. on irradiated food, Chernobyl
and radon in homes) were shown as illustrations to certain questions., Whan
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the interviewer did not understand an answer, he added acme guestionse in
order to clarify puplila- ideas.

Interviews were held with groups of two pupils, partly to zet pupils at
ease=, partly to stimulate additional comments ©on each other'e anawers and
to promote discussion between them. Trial interviews with groups of three
pupila were not eycceesful as it took toc much attention frem the
interviewsrs to keep interviews going in a proper way (i.e. following the
interview scheme, watching the time, and taking care that all pupils
contributed}. It was also difficult to decipher who said what on the tapes.
Each interview took approximately one hour and was hLeld after the last
lespon of a mchool day.

Pupils were selected from five schools in and around Utrecht. A physics
teacher from gach school selected groupe of form 4 pupils taking care that
these pupils were not too gquiet nor exceptional in ability. Pupils received
a small reward for their participation.

In this way 15 interviews took place in the periocd from April 7 to June 9,
1987. At each s8chool three Interviews were held at the eame time in
different rooms. .

After the jinterviews the tapes were transcribed by an administrativa
agsistant into protocole. The interviewers compared the protocals with the
tapes and made corrections where necessary. The revised text of the
interviews was cut into parts and categorized according to contexta. For
each category we noted the variety of specific anewere until no new answers
could be found. After this, for each context the answers were summarized.
Checks were made by colleagues to correct for incompletename, incorrectness
and dubious interpretationa.

3. Ihterviews amonqg pupils: resultas

We confine ourselves here to the results of the interviews regarding risk
perception. The fo!lowing sumwaries deseribe pupils* ideas about the riasks
of ionizing radiation on each of the five contexts.

A. CHERNOBYL

Chernobyl waa seen aB a gerious accident, especially for theosa living in the
countries of Fastern Europe ("one aillion of ill people-, "miscarriagea”),
Some referred to personal experiences such ag the cancelling of a holiday in
Eastern Europe, the throwing away of wvegetables from the home garden, and
not buying any fresh vegetables for some time.

B. MEDICAL APPLICATIONS

X-rays were in general not perceived as very dangerous. Pupile made remarks
1ike:

“they only use X-raye when it is neceseary"
“one X-ray picture is not dangerous, only many are-".
A minority saw some hazards in X-rays:

"X-rays must be dangerous as my mother and the nurse had to stand
behind a special window®

"preqnant women need to be careful with X-raya".

Pupils expected more risks for members of staff in hospitals, with some
comrents like:

"not such that they will get cancer"
"they opt for the risk-.
Reference was aleo made to pafety measures puch as the yse of lead screens.
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Thege measures are alpo the reamon that moat pupils would not fear working
with radiation in a hospital. Some expect that Lf you work with it for years
you will contract something., as some of the radiation will alwaye get past
the protactive clothing and as there i¢ * chance of making mistakes.

€. RADIOACTIVE WASTE
Radicactive waste was considered to be dangerous by all pupila:

"you don't see it, you den't smell it, but you notice it in a certain

way" :

"after many years it has spread in such a way that it doesn't give any

more trouble, but #tlll it is not healthy”

"normal waste could decay, but radioactive waste remaine for ever, or

at least for a very long time”"

“the wastes has bean irrediated, so the radiation could be released”™.
Host puplls were oppogsed to storage of this kind of waste in their
naighbourhood because of the pomasibility of accidents or because "something
will always paas”. one pupil had no objection as "it will be well packed=.
Burning of the waste waa not favoured by any of the pupile as "you will blow
radiation into the air", "the radlatlicn does not disappear during burning®,
“otherwise they would have done it already"” or "it is too expensive”.

p. FOOD IRRADIATION

Many pupils would never buy irradlated food, would prefer lese good looking
fond that has not been irradiated, or find food irradiation unnecessary as
"there is enpugh frav'' food avallable”. They feared that by conauming thie
kxind of food you receive a little bit of 'it' and "many small ones add up”
or that not all bacteria would have been killed. A minority however, would
not mlnd eating irradiated food. They think that it is not dangerous
"otherwime they wouldn‘t do it", rely on research done, are not afraid of
contamination, assume that only small amounta of ‘it' are used and that
these gquantities are guickly broken down by the human body. oOne pupll adds
that it would be a bit harmful but the same appiles to smoking so0 you should
not bother too much.

E. BACKGROUND RADIATION
Background radiation wae not perceived L. be dangerous by a majority of the
puplile:
"background radiation has a low concentration”
"artificial radiation is more dangerous than natural radiation ae the
latter has alway® bean with us and I never had any trouble with it"
"natural radiation rem&ine in equilibrium, some is added, some goes
away”
"background radiation is only dangerous when it comes from Chernobyl*”.
A minority did see some hazarde jn thia kind of radiation:
"background radiation makes people old"
“background radiation breake things down"
"radiation from the soil is most dangerous am we live nearby it and we
cannot change that".

Cur conclusicn (s that pupils’ risk perception of ionizing radiation
etrongly depends on the context. We assume that the followlng factors may be
important for risk perception:
a. tha function of the radiation: 1f it is used for a purpocse it
couldn't be as bad am radiation which has no function [medical
radiation versus radiocactive waste and Chsrncbyl}} if the need is not
seen it should not be used {food irradiation]
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b. the number of times and ways in which the newspapers have reported
about Lssues [Chernobyl and radicactive waste]

€. the natural character of radiation: ‘'natural' seems to have 1
positive connotation {background radiation].

Lass context-specific results of the interviews were that we found that
many examples of pupils' reasoning were not based on sclientific knowledge
but on & common eense form of arQueent. The following examples deal with the
riska of radiation. Reasons which pupiis gave for considering a certain
appiication of radiation dangerous include:

rX-rays must be dangerous as my mother and the nuree had to stand

behind a special window"”

"apparently it is more dangerous besidea the boam {of X-raye] than in

the beam® [as nurse has to stand behind screen and patient not]

"if it [irradiation of food] happens in a room like that they couldn't

say it ia not dangerous”

"rather tricky, 1f you Bee what is required to keep it from the open

air”

"if you look at how the workers [in a food irradiation plant] have to

be protected with apecial clothing, it could not be rlght for an apple

to receive a dose of radiation”.
These pupile conclude from the existence and nature of sBafety measures that
there must be something dangerous about that kind of radiation.
Others take the opposite view about the riske of applications of radiation
using the following argumenta:

"you don't notice Anything so it [X-rays] can not be bad*"

"otherwise they wouldn't do it {irradiation of food]"

"otherwise they wouldn't uge it [building materials reieasing radon]™.
These pupils uee two kinda of argument® to defend the safety of an
application of radiaticn. One is that they have no personal experience of
it, perhaps meaning that they never heard of any hazarde associated with it.
The gecond argument is that if anything ies done there will be a good reason
for it. These pupila rely on the wisdom of those who work with the radiation
or on official safety measures. ’

All themse quotes about hazarde and eafety indicate that pupils use non-
scientific ways of reasoning in weighing radiation riskes. For them current
practice is the source of their reasoning and they draw their conclusions
from it. It often looks am if they already have a particular attitude
towards the risks of radiation from which they interpret new evidence and
answer questions. Their reagoning seems to be directed towarda justification
of their attitude,

Among pupile we detected two polar kind of attitudes:

a. radiation in always dangerous
Pupila who have this attitude tend to reason that radiation is
permanent and would never disappear completely; in their view all
kinds and all amounts of radiaticn are dangerocus; from the pafety
measures in various contexts thay draw the conclusion that the
radiation must Dbe extremely dangercus as otherwlse these
precavtions would not be taken.

b. the risks of radiation are limited
Puplis having this attitude tend to reason that radiation
decreases and cguld drop below a safety level; in their view small
amounts of radiation (eepecialiy X raye) are not dangerous at all
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and could be broken down by the human body; safety measures ara
seaan as signe of control as otherwise they would nat have been
taken,

4. The relevance of these reault or education

In Bsummary, In many pupils’ answers we detected common aense FormB of
ressoning which we could label ae 'reasconing from practice'. Pupilse draw
concluaions which seem logical to them as they are based on the function of
radiatien, on pereonal experience or on the aexistence of safety measures or
protests about wafety. one could argue that this kind of reasoning is a
rasult of the context of the interviews, in which an expert (the
interviewar) aska queations about a field with which the respondents are not
very familiar., 50 we cannct ba sure whether the pupils had these opinions
alraady or invented them on the @pot in order to satisfy the interviewer or
not te look too ignorant. Although we do not deny that this is a problem,
the number of occasions on which we found this kind of ‘reasoning from
practice’ is quite large, So we feel juetified in defending the hypothesis
that this kind of ‘'reasoning from practice’' ia relatively common among
puplla. It may be derived from common culture (Arca, Guidoni & Marzoli,
1983; 1984} and reflect a kind of natural thinking which drives behaviour
within a context according to a purpose and allows people selectively to
disregard information (Guldoni, 1985) and to suapend doubts about the
‘reality’ of the world (Schutz & Luckmann, 1974). Thie way of thinking may
serve goals that are more important and Ffundamental than holding correct
views about particular iesues {Nisbett & Roas, 1980}, If so, it ie likely
that this ‘reasoning from practice' may seriously interferae with learning
and especially with educational efforts to relate scientific knowledge to
everyday life., More research I8 required to reveal the npature and
importance of this way of thinking if we want "acquired knowledge to bacome
flexible, comprehensible, organizable, applicable, sharable, i.e. uaeful, to
tha individual, to the group and to asciety™ [Arca et al., 1983),

One may expect that puplle with attitude ('radiation ias always dangerous'}
tend to resist more to asaimilate scientTfic information than those having
attitude b {the rimks of radiation are limited'}, am acientific information
ie often used to delineate risks.

Another relevance for education may be that a teacher should recognize that
various views about the rleke of radiation exist in claes. These views are
likely not to be asuperficial but are based on some general attitudes towards
riska and are reinforced by certain preconceptions (Lijnee et al., in press)
and by reports in the media {Eijkelhof and Killar, 1988}. Such differences
of attitude could be an apeet in frultful discusslons about padiation rieka,
but could also have a negative imfact on thome discussione if not well
managed. In our view a teacher should try and seek ways to increase pupila’
ability to assess radiation risks, without attacking particular attitudes,
but allowing pupils to changa attitudes at a rate and in a directlon which
they prefer,

The context dependent character of risk perception suggents that pupile may
not change their way of thinking about rcadlation if fionizing radiatlon ia
only dealt with in one partlcular context and if the social eources of the
beliefs underlying thene percoptions are neglected. It may be worthwhile,
therefore, to pay attention te a number of different contexts and by
including an analysia of newepaper articlee in classe.
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TEACHING ABOUT RADIOACTIVITY AND RISK
Harrie M.C. Eijkelhof

Centre for Science and Mathematics Education, University of Utrecht
Utrecht 3508-TA, The Netherlands

I think there are some good reasons to pay attention to risk aspects in

education about radicactivity. These reagone are:
* pupils are strongly interested in queatione about risks and safety
regarding ionizing radiation; this is not spacific for pupils: analyeis
of the kind of guestions asked by the public during nuclear incidents
ghows that people would like to know what Xind of risk they run and how
they could protect themeelves; in other words, one may expect that such
an approach will motivate pupils: a good breeding ground for education
* risks of lonizing radiation appear very frequantly ln the everyday
world of media reporting; especially applications of radioactivity are
surrounded by some controversy and public detate; If one aime teaching
at scientific literacy, which in my view means that pupils ghould be
able to use pclientific knowledge in daily life, pupils should learn to
understand the pointe at fesue in thess debates and be able to aasess

the riaks of ueing fonizing radiation; in other worde: a good gutput of
aducation.

wWith these reasong In mind we wrote eight years ago a unit aiming at pupile
learning to assess the risks of lonizing radiation, as part of the PLON
curriculum (Eijkelhof and Kortland, 1988). Then we evaluated pupils”
learning and detected aome serlous teaching and learning proplems which were
néw to us. We decided to atudy these probleme in depth during the last three
years. By now we know much better what the preblems are, where they come
from and how smerious they are. We have nome ideae about golutions and are
planning to write a new version of the unit in order to see what results we
get once these problems are taken into acCount. So this lecture Im not a
victorious report of how well the unit went, how happy all teachers and
puriles were, how much they learned from the unit and how much the unit ie
wscommandad by pupils to thelr peers. It is slsc not the opposite, becauss
.that would aleo be a distortion of the truth.

I prefer to give a resesarch based account of tha problems one might face
when teaching jonizing radiation in the risk aseessment perepectiva and some
suggestions for nolutions about which I do hope a discusefon arises during
thia confarence. I do hope e0, as I gometimes think the problems are bigger
than wWe are able to solve on our own.

2. cugrent practice in schools

Teacking ionizing radiation with the aim of puplls laarning to ammees the
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risks of applications of ionizing radiation is not common. The common
approach is rather academic: one starts with the nucleus, with Linstable
nuclides and with the characteristice of various kindas of ionizing
radiation., It locks as if learning about nuclear physica ig an ajim in iteelf
or only a preparation for further etudies in the field of nuclear physics.
Little attention is paid to those Aspects which do relate to what interes.s
pupilas most and which at first sight seem to be required in ordar to be ablsa
to understand points at issue in personal life aad in public debates: the
affects of radiation, the usefulness of safety weasures and the rimks ana
benefites of certain applications.

So the common approach to teaching radiocactivity is not very well adapted to
the aim of scientific Literacy: knowing how many protons and neutrong remain
in a nucleus after the emission of a f-particle to me does not eeem to be
the most relevant knowledge for an average citizen.

3. An alternative approach

In the PLON-unit Ionizing Radiation (PLON, 1984) we followed a different
approach, Starting point was our aim that pupils should learn to assesa the
risks of ionizing radiation. In addition to the phydico of nuclear sources
and ionizing radiatisn a great deal of attention has been paid to dose-
effect relations, to safety measures, to applications which pupils might
meet in daily life {nuclear energy, nuclear arma and radiation in hospitals)
and vo procedures of rismk ass -=ment.
Thia approach appeared to be very popular among pupils (Eijkelhof, 1986),
especially the sections on health radiation among girle (J&rg and Wubbela,
1987). Hearly all pupils found the unit interasting bacause of its attention
paid to the effects of radiation and to radiation protection. Also teachera
were in general very satiofiec¢ with the unit: if we world just listen to
them only minor changes would be required to make the unit more or leéss
ideal.
However, a cleaer look at the learning results of about 190 pupils through
pre- and post-tests in which pupils were asked to give comments on risk
bearing situations, showed the following (Lijkelhof, 1986):

* in their reasoning they hardly ueed scientific knowledge from the

unit, such as the physics of nuclear @curces and ionizing radiation,

dose-effect relationa and safety measurse

+ they failed to apply risk «@gesement procedures as dealt with in the

unit, especially in areas with' which they were already somewhat

familiar before teaching, such as the diaposal of nuciear waste

+ pupils used gome lay-ideas about radiocactivity and fonizing

radiation, both before and after teaching the unit, some of which were

reportad before by Riesch and Weatphal (197%).
Apparently, satisfaction with a unit by teachere and pupils i8 no orarantee
for reaching the aims of learning. Qur general impreseion wae that ideas,
attitudes and ways of reasoning acquired out-af-achaol before instruction
were strong and guite resistant to change by instruction. These resulta
provoked us to look more precisely to the problems cauvéing this lack of
success in reaching cur aims of learning.

4. Protlems of teaching radicactivity ln a risk perapective

As we adeumed the ispue of how to teach ifonlzing radiation in a risk
perapective more effectively to be rather complex we uged a variety of
regearch methocds, auch as the connultation of radiation experts in a
pelphl-study on the issue, the analysig of nownpapers, the analyrcis of
scientific literature and school textbookm, Llntervliews and queéstionnaires
with pupils, interviews with teachers, and cbmervation of lessona.
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Ao time ia limited I will only sketch dome of the main problemse which we
investigated or detected in these studies. For more details I have to refer
to papers presented yestnrday by Piet Lijnse and myself in the workshops,
and to other sanglieh articlee about our work (Eijkelhof et al., 1987;
Eijkelhof and Millar, 1988; Lijnse at al., in press). We hope to publish
mora of our results in a forthcoming dissertation.

A. the complexity of risk assesssent

From the risk literature we learned that risk assesement is a rather wide
concept. Three important components could be distinguished (Rowe, 1988):

{1} risk identification: this includes jdentification of causativa
events, observation and recognition of new risk parameters, the
recognition of new relationships among existing riask pArameters
and perception of change in the magnitude of these parameters

(ii) risk estimation: this encompasmes the determination of the
magnitude of conseguences and of the probabilities of outcomes

(iiijrisk evalvation: the developing of acceptable levels of rimk to
individvwale or society; thle Includes weighing riske and
benefits, determination of acceptability levels below which the
risk is accepted and above which aversive action is =seen as
required,

Such an approach of risk assessment i85 quite different from the way lay-
people are used to approach rigka {Covello, 1984). In order to be able to
aspeas the risks of ionizing radiatien in a more expert-like manner one has
to be familiar with a large number of scientific concepts and procensses,
risk parameters, benefits, ways of reducing risks, alternative approaches to
the esame endas, weighing procedures etc, Obviously we could not rake cur
pupile full experts. So choices have to be made. Which aspectas of risk
asgessment showld be included in education and which ones left out? Some
will be more useful than othare. But what is usaeful? Another point is that
especially the third aspect - risk evaluation - involves values. What is
acceptable? Which criteria are presented as relevan for acceptablility? The
answer on these questions strongly depend on ore's aim of including rigk
aspects into the curriculum. We will return to this point a little later.

B. suitable contents and contexts

once the general aim of learning to assesp rioks of ionizing radiation hams
been chosen, the question arises which scientific contents and contexts
would be guitable. As i# common among curriculum developers the contents and
contexts of the PLON-unit were chosen rather intuitively, with the danger
that important concepts and contexts are missing, or that non rglevant ones
are jincluded. Becauvse of the facts that ionizing radiation ie involved in
many ppheres of i1ife and work and that pome controversial agpecta are
involved in risk assessment, we have the opinion that aome form of
legitimation of the curriculum is required trom experts in the field
[Efijkolhof and Lijnse, 1988}, .
Ther2fore we carried out a pelphi-study of three rounds among about 50
radiation experts. Some of the results are;

* more attention in phyaics education should be paid to basic knowledge

about radiation protection: dose concepts, effects of ionizing

radiation and safety aspects

* more attention shculd be pald to contamination with radioactive

substancess present physics aducaticn is mainly dealing with closed

scurces; opén gourced constitute an important and from protection

viewpoint different problem

* contexts should cover a larga part of the collective dose, most

important saclal implications and a varisty of applications: the
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recoanrended 8set contexte consistad of “background radiation®, ‘medical
applications', ‘emicaion of radiocactive substances by nuclear power
stations®, ‘storage of nuclear waste’, ‘fall-out of nuclear arms
explosions’, and 'some current industrial applicatficnas’
Although the views on applications of ionizing radiation were very
differant, the above mentioned conclusiona were rather unanimous. Far less
agreement existed among the exparts on the ussfulness of riak comparisons
for educatlon. A great number of objections of a different nature were
ventilated.

c. puplls® preconceptions

We found that a number of lay-ideas about lLonirzing radiation exist which
obotruct a thoughtful assessment of risks involved. These lay-ideas were
often found in newspapers and in interviews with pupils, so it is likely
that these lLdeas are for a large part socially acquired (Solomon, 1987).
Some of these lay-ideas we also found among many 5th formere who received
phyeica educdation on this topic, either by the PLON-unit or by traditional
methods. So they are also rather persistent. Which were these lay-ideas?

a. endurance of radiation: "when radiation falls upon an object or a
living body or is released into the air, it does not disappear, at
least not completely; therefore radiation could accumulate 1ln an
object and in the air"; this idea might be due to a more general
view that dangerous things never disappear completely and could
only be diluted, e.g. chemical solid and liguid waste, air
pollution; from a scientific point of view one might conclude that
they lack the idea of absorption of radiation’
contaminat ion Le the same as irradiation: "when someone or momething
receives _radiation one might call this person or this object
‘contaminated'"; thism probably relates to the previous
preconception; from a scientific point of view one might add that no
distinction i8 made between ‘radiation' and '‘radiocactive matter’

How Berious are these lay-ideas? HWe may Lllustrate the implications of

these lay-ideam for daily life by referring to some practical examples

experianced by radiation experts and ventilated in the Delphi-study:
reluctance with the public to buy irradiated food for fear of
radiation
during the demolition of hospital buildings some politiciana had
the idea that walls of a medical X-ray department are full of
radiation and therefore should be treated as radiocactive wasts
some workaers who look after animals which are irradiated by X rays
in oxperimental settings had a feeling of belng neglaected: they
had not been issued dosemetera and did not get regular blood
teatas in contrast to personnel who irradiated the animals,
although the latter personnal had less contact with the animals
an industrial worker who received an extra radiation dose by
accident got socially isolated: he wae considered by his
neighbours and co-workers to be suffering from “radioactive
contamination' and therefore dangerous.

Our conclusion Ls that a number of iay-ldeas 8eem to be resistant to change
in present phyejics oducation, including the PLOH-course, and that these
ideas finterfere with our alm of riak assgssment. 50 educational strategies
should be devised to deal with these lay-ideas.

D. pupila’' attitudes towards the rishs of ionizing radiation
Pupila de not 1live Iin & social vacuum. Long befora we teach them about
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radiocactivity and ionizing radiation they will have been informed about
risks of jonizing radiation and have developed a certain attitude towards
thesa risks. As iz common with all gttitudes: they resist change. New
information ia interpreted mainly in such a way that it fits with the
exiating attitude. Disconfirming information then is seen as unreliable,
erronecus and unrepressntative.

For instanct, it is reported in the fite. --ra that convincing people that &
hetard they fear im gafe is extremely ..:ficult, even wunder the best
conditions. This is attributed to a defence of self-asteem which requires
stability &nd consistency (S)dberg, 197%) and to the intertwinement of
beliefs abou: riske in a complex aystem of beliefs and values, phaped by the
social system, the world view and the ideclegical premises of a group or
society (Douglas and Wildaveky, 15983).

Among pupils we detected two polar kinds of attitudes:

a. radiation is alwaya dangerous -
Pupils who have this attitude tend to rsason that radiation is
permaneant and would never disappear completely; in their view all
kinds and all amounts of radiation are dangerous and therefore
radiation standards have a limited value

the risks of radiation are limited
Pupils having this attitude tend to reason that radiation decreasea
and could drop balow a safety level; in their view small amounts of
radiation [especially X rays} are not dangerous at all and could be
broken down by the human body: therefore standard levels indicate
that it is pafe below these levels

Let me give you snome examples of how these attituc 1 work. Regarding sf?ety
measured, the first group of pupilas will argue; loock at thase nafety
meagures, the atuff must be really dangercus, so we are at risk; the others
would argue: look at theme mafety measures: we are well cared for and so we
will be really safe. After an incident in a nuclear nower station the Eirat
group would say: this really shows how risky nuclear power is; the second
group would say: the damage was only limited Bo a nuclear power station
could be kept under control.

One may expect that pupile with attitude a ("radiation is always dangerocus'}
tend to resist more to assimllate scientific infQrmation than those having
attitude b ("the risks of radiation are limited-),Nhe scientific information
is often used to delineate rieks.

Another relevance for education may be that er should recognize that
various views about the riske of radiation axist in clasg. These views are
lixely not to be nuperficial but are baoed on some attitudes towards riaks
in general, poesibly reinforced by certain preconceptions and by reports in
the media. Such differences of attitude could bas an aeset in class
discussions about radiation risks, but could also have a negative impact on
thoae discusesions if not well managed.

E. teachers are not very familiar with the above mentloned problems

From our interviews with teachers and from our analysias of exlating achool
textbooks we may conclude that teachers are not very familiar with the dose-
effect aide of ionizing rudiation, with safety regulations, with methods of
risk assessment, with pupile’ preconceptiona of jonizing radiation and with
the factors wvhich influence thu strength of existing beliefs and the
attitudsa on which the baliefs arc based. Some teachsrs seem to have the
idea that presenting the correct ascientifle facts ind principles would be
sufficient for learning. Our atudies show that there are good raasons to
have doubtms about this beliaf, Some inelght in the problems gmentioned above
serms to be necessary for teachers in order to be able to teach ef fectively
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about radioactivity and risk. This requires attention in pre- and in-service
training of teachers. -

5. jm d g d n

Especlially from our Delphi-study among radiation expéerts we have laearned
that teaching about radiocactlvity and risk could be done with a variety of
ends in mind. These ende are valua-laden, although these values remain often
hidden. We may diatinguish the following five ends of teaching fonizing
radiation in a riek perapective:

{13 pupll'n should have a more positive attltude towards radioactivity

tii) pupils should be more aware of the potential hazards of all
quantities of ionizing radiation

{iii)pupils should know when and how to be careful with radicactive
scurces and ionizing radlaticn

{iv) pupils should be able to appreciate the effectiveness and
limitatlons of radiaticn safety measuresg

{v} pupils should be able to make decisions in matters of personal and
social relevance related to the ripks of ionizing radiation.

tn my wview it should not be the aim of education to change attitudes
towards ionizing radiation in a particular direction, as is implied in the
tirat and second ends., Attitudes should be developed by pupils themselves
and, except perhaps in matters of human rlghts, not be lmposed upon them by
their teachers. This does not mean that education ghould just relnforce
existing attitudes. I would be in favour of opening the possibility for
changing attitudes, for inatance by widening the scope of puplls: showing
«hich adgpects should be taken into account, making distinCtiona where
appropriate.

As final aim I would prefer tha fifth one, although [ reallize that thie is
not an aim whieh could be fulfilled in the usual number of teaching periods
as this :8 the moat complex one.

It may be more realistic to aim at the third and fourth ends, as they are
quite close to the inltial interests of puplila and could be seen as
prerequisitea to the final end.

6. Reccmmendations for curriculum developrent and research

What lessons could be learned from our work on traching ionizing radiation
in a rigk perapectivz for curriculum development and research?

The first lesson 1s that riak asaeaswert ia very complicated and aiming for
this in education reguires cholces regarding the ends and objectives. In our
view the endas should be made explicit and too compl-.cated objectives, for
instance thosa requiring a4 lot of very epecific knowledge., should be
avoided. Examplas are ana'yzing +the riska of failure Iin nuclear
{nastallations and making risX comparisons with other rlsks 1ln daily life.

The second leeson in that seme new conceptf and contexts should bte included
in tha curricula, especially those regarding radiatlon protection, More
attention should be paid to tho dispersal of radloactive substarnces, ending
the traditlen in phymics sducation to foCuam on closed sourcos.

The third lesson i1a that preconcoptions and attitudes towards the riske of
foniting radiatlon sefm to play a m3jor role In learning. How to take these
beat Into Account im a quostion which requires A great deal of further
roewedrch, some of which we are carrying out at present, for instance by
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revising the original PLON-unit and evaluating ita learning effects.

Qur fourth lesson is that teachers phould be better prepared to teach
ionizing radiation from a risck perspective. In pre- and in-service training
apecial attention should be paid to pupils' preconceptions and initial ways
of reagoning about riskas of lonizing radlation, and to sclientific risk and
aafaty aspects of lonizing radiation.

A final lesson is of a more general nature, not reatricted to our topic area
but important enough to be emphasized here., Thisg lesson is the oplinicns of
teachers and puplils ars not always a reliable mpeasura for wsiffective
learning. Some problema are not noted from the ©position of the
practitionera, whe seéem to Jjudge mainly on the basis of how & unit is
sppreciated by the pupils, how it 'works' in clasa and how pupils raspond to
th& test questions set by the teachers. So in assessing the effectiveness of
& unit one should not go by very positive comments of teachers and pupils
alone: those daserve a critical approach,

Ara we discouraged. by the research findings so far? ! end to may no. I
atill believe the same 1easors for teaching this topic in a risk perspective
are valid: it sults the interests of pupils and it has potential value
beyond preparation for further atudies, &s we may expect that pupils nolens
volans may encounter lonizing radiation in their personal and social life
during the next decides. We have only learned that teaching sac is not
withdout any problema. 1 do believe that many of these problems will be
solved in future in cooperation between teachers, currlculum develope:a and
researchars, I hope s»we of you will contribute to this.
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RISK PERCEPTION STUDIES IN SCHOOL

Joan Soloinon
Department of Educational Stucies. Oxford University
Oxford OX2 6PY, United Kingdom

In this tait 1 shall try to makte the caze that this 15 not a
subject which Just depends upon learning “sSound physical
principles”, “learning to thini li¥e a physicist”, or 2ven
“talhing all the evidence 1nto acconnt®. Eislz perception may
require gquite different approaches and different ways af thinking
to those we usually use 1n physics lessons. Should we be unwise
enough not to learn from the literature and résearch into the
public understanding of science, media studies, and social
psychology, ousr efforts mey do more harm than good. To insist
that the thaLuJZ way of thinring 15 the only one, far
consider1ng the social effects of siience, damages rather than
enhances the punile” 1mage of science. #s John Ziman (E?8(0 wrote
"It reinforces, without guestion or comment, the widespread
sentiment that scilence should be the oniy authority for
pelief and the anly criterion for action?{Ziwan p2X)

Fublic tinderstanding of science
The ND1SS project (Discussion of Issues 1n School Schirencel has
been funded as a part of the linked research programme which 13
erploring the British public s under standing of science. It 1s a
subject which has recently attracted a great deal of attention.
A5 David Layton (19894) has poynted cut 1t 15 often naot the
designs of the curriculum developers, nor those of the
educational researchers, which set the agenda for large-scale
educational change. Certainly we 1n Britain have had cause to
learn this lesson in a very profound way during the last two
wearz. No one could claim that our new National Curriculum is
firm!v based on ei1ther the enlightened principles of the Nuffield
Fhysics scheme nor upon the ample bady of educational research
which has demonstrated the dire effects of labelling children as
“less than average ability” early 1n their schooling.hisis An example
o wmacro-level 1nfluences f.oom the national cultural context on
nutcome of events at the classroom level.* {layton 1984 pZ?A

Interest 1n the public understanding of =cience 1% probably just
suctr an outcome of national and indeed 1nternational concern
about environmental problems, coupled wWith a continual worery
about our 1ndustrial prowess. In July 1989, 1n the aftermath of
the Green Farty s suctesses in the elections to the European
Parl1ament the then Secretary of State for the Environment
attacked this new political force with arguments about
rms-1nformation” and promises to set up a governmental agency to
hand out guaranteed sclentific “facts” about the environment.

But are facts enough” The Royal Society report on The Public
Understanding of Science (1985 began with the assettion that
some undertanding of the methuds of science were also needed.
4, .Understanding 1nclule:s not just the facts of science.
but atso the method and 1ts limitations as well as an
appreciation of the practical and social lmpllcatlnhsfwh.h)

Less attention was given to either public attitades towards
sclience, or private values, In an article guirlaining the Royal
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Society’'s reporl Coltins and Bodmer (1984) wrote that "an

1ndt vidual needs some understanding of scirence to feel at home
with the findings uf scirence” {(p?7}, as though understanding were
& prereguisite for feeling ond so, perhaps, for attitude. They
conclwled that the most difficult tasl: for future research would
be measur 1ing understanding - a tast considered to be distinct
from, as well as aocre 1mportant than, the measurement of

atti tudes.

COf course 1t 15 not possible ta provide a formula for
under standing 1n which we add facts, to Lnowledge about
firocesses, and then season 1t with suirtably favourable attitudes.
What the public can do with scientific information 15 sometimes
referred. to as “scientific literacy™. Milier (1983) separated
ttuie 1nto "being learned” ahout science, and being "liter ate” 1n
sci@me,. The first of these comprises scienti1fic Fnow!edge
whereas the secund
.. refers to the abi1lity of the i1ndividual to read about,
Ccompretend, and express an opilnion on scienti1fic matters”
Mitler op cat. p 30)
It 13 this aspect of scienti1fic understanding which forms the
basis for citizen decisions about personal or national risk.

Ther= have been surprisingly few measurements of the public ™=
scienti1fi1c Inowledge. A recent short guestionnaire study by Lucas
{{988) recorded scores which were not 1mpressive The Questions
included wiring a housebold plug, the effect of altitude on the
boiling point, the relative speed of light and sound, and,
predictably, radioactivity and nuclear wastes. [t was instructive
to nute that the gquestion about the tides, perhaps the most
esptericy was the best answered - better even than the wiring of
the household plug - and that the question on radioactive waste
met with least success.

Although success rates on gquestions with different warding, and
hence hfferent types of ambiguity, defy real cumparison, the
1moediate 1mpression 15 that 1n areas of ri1si there 1s less
“inowledge” and not, as we might bave supposed, more. Lucas
carefullv avoirded the pi1tfall of bemoaning the i1nability of thaose
who failed to answer these questions correctly to male their own
decisions about 1ssues. The survey gquestions, he 1nsisted; wore
abont uvaderstanding for 1ts own sale and the resulis demonstrated
a hind of cultural deficiency.

A oore acmbntitus survey trving to assess i1ntereste, attitudes,
antl 'nowl edg? has Just heen completed (Durant et al 1989). ANs
aften 1n such studies self-reported 1nterest proved greater than
seif-reparted knowledge even by the most i1nterested sections of
the public, a result which might be explained by a greater
appreciation of the extent of possible inowlidge. Other results
showesd a poor grasp of factual knowledge which was, however,
higher for those with rmore recent schiooling, and correlated well
with final educational level. One of the reasons Lhese authors
gave: far caring about the public’'s understamding of sciente 1w
thal "science affects everyone s lives"”. But where an 1ssue very
closely affects a pornon, Lucas ™ rocults as well as our own
1nn1ghts, show that this assumption of cool unders.tanding based
upon knowl edge of rontent and process beonmes less convincing.
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Ravetz (1971) adopted the opposite approach to wnderstanding
which set the 1ndividual s scientific knowledge 1n the domain of
his/her own personal attitudes, values, and concerns. This was a
radical departure since it no longer accepted the given-ness of
scilentific knowledge and i1ts correc nderstanding. Ravetz wrote
of folk-science as a reconstruction 0f scimnce which loomed large
1n people’s thought because it affected their lives and thear
world-picture. We and our pupmils all reconstruct the knowledge
that we receive — even the physics knowledge - in order to fi1t 1t
into our way of thinking. But where we feel that we, or those we
love, might be in danger the reconstruction can be more
substantial., Our motivation is no longer an armchair 1nterest in
the culture of physics but a more urgent need to trust in a
system which may be able to gtve comfort in the face of threat.
What we make out of the i1nformation we receive then becomes our
very own “folk science".

Even in 1986 when Layton, Davey and Jenkins explored recent
research into the specific purposes for which people use
sctentific k¥nowledge, they could point only to studies of
people’s understanding of energy consumption i1n their homes, or
of colds, infections and remedies, as i1llustrations of the:ir
reconstruction of the scientific knowledge which affects their
habi tual way of living.

Since that time there have been studies on several special
groups” understandings of aspects of scientific risk - about
Cumbrian sheep farmers and the precautions about radiation
hazards relayed to them by MAFF scientists {(Wynne 1987), and
about residents living near Selafield and the making of a
television programme on radioactive pollution released from the
plant (Macgill 1987). Both studies come into the ¢ of risk
perception where there can be no divide between un. -standing and
rnterest.

The Acceptability of Risf
In her important study of risk perception Mary BDouglas {(1986)
explored three different perspectives on risk:-

¢a} The "engineering approach®
This assumes that all we need to know are the “facts®. These will
1nclude numerical probablities of risks of death or inJjury, and
their nmimerical tolerances. In more complex situations (which
life =0 often provides} comparisons between the rists inherent in
alternative courses of action can be calculated by adding the
risks,; with appropriate weightings,; and subtracting the benefits,
1n a cost-benrfit analysis (CBA).

The report on the The Public Understanding of Science laid
particul ar emphasis on a suspected lack of understanding of
probability when expressed as “a one in three thance of....", and
yiet the survey quoted above (Durant et ail op cit) could find no
such prevalent misunderstanding when the question was set in a
formal and non-threatentng situation. Yet the public still
rematns sensibly udnconvinced by cost/bernefit statements of the
kind "the annual risk of living near a nuclear power wtation s
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the same as driving an extra > miles a year

in a car." Risks

appear to he of quite different severity to different people.

Fig .

The Personal Acceptability of Risk

Kore? Aoceptable Lese?

Owm 200 Action of othars
Efiect can ba wwated. Efsct shways faial
Emect Wi invneckately Long delaysd eflect
Gain makes & worthwhie Ha possble gainy
Ho ahemaive Macy shamalives
Lass risk with cloled v Skl of no elfed
Used 23 intended Uced In &k 00 wiy
Consequances revextibie by siopping Cuite krevectbls
Rigk wel unceariood Fisk mysterious

Voluntary with others

rviabie at work

(In the light of suggestions 1n this table the equatson between
liviag near a pawer station and driving a car becomes less

conwvincing, Can one live "skilfully™ near a power station™ Does
onez know, even, 14 there has been any damage? Is 1t reversible™)

CBA 1s obviously essential for many purposes within industrial
management , but there has been very grave doubt how far it can be
used 11 public declston-making about risks. When the Third London
Atrport Inquiry was going on in the 1970°3 such factors as the
nesting si1tes of migratory birds, the value of a ruined Norman
church and the disturbed sleep of residents had all to be given a
figure. Only then could they be entered 1n*: the bal ance sheets
of CBa.

(bY “The ecological approach.”
In this kind of risk perception hazards are sorted out 1nto their
percelved characteristics. As 1n plant ecology it 1s assumed that
the sublects will react to hazards differentially and try to
adapt to them. 't becomes the i1ndividual 's ability to cope with a
| hazard which 1s the a measure of their acceptability of risk. But
“4 where adaptation is the only resort of a plant in a hostile
environment, human soCietses have other solutions. -

{(c} "The soci1al Justice approach"”

This moves away from the locus of the 1ndividual to the society
and ti1tizen chotce. It may not turn on formal calculus or logic,
but 1t 15 not i1rrational: 1t will hear a call for social Jjustice,
or for some strategem which wiil mitigate the social "unfairness”
of risk. 1n our everyday lives this third path 1s an active and
common one; when a family or a street 1s threatened we neither
mat-e calculations of probability, nor are we endlessly content

wi Lh Just coping with the problem, We allow ourselves to use
indignation and empathy i1n a rational reaction which tries to
ensure that this cannut again cause such distress,

Sgience on Television
Sewveral studies have shown that both adults and older children
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attribute a groat deal of their scirence Inowledge about all
enviranmental jssues to television {review by Wiesenmayer et al
1984). Video excerpts were used i1n the DISS project as the
trigger for discussion 1n much the same way as they might be 1n
over yday life.

Television’s 1mages affect thinking in special ways. They do not
invite cuunter*lmag1ning, as radio or a bool might do, so any
group of people who have Just watched a programme on ri1sl, share
2 common netword of pictures. In their detailed study of children
talking about television programmes Hodge and Tripp (198&)
concluded that visual images were used Lo “concretise” a
narrative. This was then followed by much talking over af the
programme 1n which the children shared i1mpressions of the 1mages
they had Just seen. In the DISS prolect, too, we have found long
passanes of simtlar tall as the students share their exper)ences
of 1mages of cisk.

In his authoritative review of television research McOuail (1984)
conc luded!
"There 1s a growing body of opinion and a good deal of
evidence that the effects of mass media are much more to be
found 1n the provision of what Lippmann called ‘the pictures
tn our heads’ the ‘rames of reference and the cognitive
detai1l about the wurld." McQuail pi1Z
titluatl gues on to speal. of “"definitions of the situation” 'n the
same context.

These views on the agenda~setting power of television 1magery
suygents that 1t may be essential scene-setting for the "framing”
process of which Minski wrote. He defined a "frame" as a
collection of questions to be asied, issues to be ralsed and
methods to be used in the analysis of an jssue (19751.

Another characteristic of television 15 the "para-social
interaction” that it sets up with the viewer. This not only
explains the popularity of "spap-operas”, 1t also adde a soch el
element to the knowledge content of programmes about
scrence-based risits. In Lhe DISS proldect transcripts we have
found a considerable amount of caricaturing of the presenter
whtich has affected the students’' reception of the knowl edge or
perspective that hefshe was giving.

School scirence and perception of risk

There have been only two substantial studies of school students®
perceptions of riuk. Eikelhof (1985) reported on the responses of
Dutch students who were studying course elements on 1onising
radiation i1n a mainstream school physics course. He reported that
misconceptions “"seem to emerge when students are forced to use
their school knowledge 1n real-life situations®™.

Thu other study, Solomon 1985, was of stuents talling and
writing about the future of energy resources during a middle
school physics tourse., The findings i1ndicated the same reluctance
to use school knowledge 1n a real-li1fe context. It was alsa shown
that girls’ epvaluations were more soci1al and Judgment al 1n nature
than were those of the buys.
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In an interview study of Canadian students Fleming (1988) found
more 1 tdications of this Two Domein effect. Students regularly
used saci1al bnowledge and even spurned the of fer of scientific
informatiron. They "focussed on the people doing the science
rather than on the praoducts of that work”. Aikenhead developed a
ver + carefunlly validated multiple choice instrument for
collecting students views on the risks associated with Science
and Technology. He confirmed {(Aifenhead 1987} the difficulty that
17 year old students commonly have 1n answering guestions about
scienti1fi1c knowledge. Eoth studies confirm that expressing an
oplnion on saome scilentific 1ssue does indeed regquire dome
vnderstanding of the nature of scientific knowledge and dispute.

-

Talking 1n emall groups

Research 1n the USA (Weisenmeyer et al. op ci1t} has shown that
"high interactors™ claim to acquire most of their knowledge about
environmental 1ssues by this method. When people are unsure of
the 1nfourmation they have received they are more likely to talt
1t over with their friends, whom they trust, even though they may
be lust as wvninformed as them, than to write to unlbnown experts
for euplanations. The reason 1s not Just a distrust of experts
wham they do not Fnow, but a need to get clearer what the i1ssues
are, by a praocess of verbal and social reconstruction.

It 15 only recentliy that the value of group talk in sciente has xro-,
appreciated. The 1983 JMB syllabus for Science Technology and
Society was probably the first to include this as an obligatory

part of 1ts internal assessment {(Solomon 198%). The students whao

toot part 1n the BISY project were all taking this course.

Small group discussion of controversial 1ssues, between friends
and w1 thout a teacher, has certain very valuable features. It
allons the process of scene-setting or framing to proceed
naturally, 1t encourages the shy and timid to contribute, and 1t
permits a sharing of perspectives on risk which may usefully
mirror those 1n soctety at large. Only when this empathic process
1s completed can adequate social strategies be suggested and
discussed by the participants. The process was e&xplored
thearctically by Bridges (1979) as follows (my paraphrasing?

#being a goal 1n i1tself (each participant working out

their own value position)

#leading to understanding a vari1ety of responses

#*a bas1s for Choice between value positions

#a basis for a soci1al strategy to resolve the 1ssue.

Results fram gublic understanding show the inevitability of
reconstruction of i1ssues 1N a social setting. Media studies
literature has contributed ideas about scenes and frames for
understanding risk, and both physicists and educational
researchers warn that an exclusively scientific stance damages
the 1mage of science that non-scientists hold. For all these
reasons the discussion of risk in small fr@ndship groups seems a
method well worth using.

The students in the DISS project have produced mast interesting
materi al which we are atill analysing. [t 1s clear that they
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enjoyed the sessions and made full use of them. They spole about
stiznce and scientists. They often identified i1mportant areas
where they said there should be “more research®. But when they
were trying to engazge with their friends in working out value
positions, or trying to suggest a possible solution, they would
place the problem in a more homely setting. They moved away from
the umiversal to the particular, just as Socrates did in his
ethical probings, and asked - “What would you do if 1t was your
Fum?* In this way they went some way towards using the full range
of their cognitive powers - scientific, empathic and ethical - as
any citizen must do 1n the face of personal or national risk. It
also seems to represent an important step towards the goal of
truely holistic education.
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SOCIAL AWARENESS OF NUCLEAR. RISKS

F. Cuadros, A. Mulero, L.M. del Rio
Physics Departinent, University of Extremadura
Badajoz E-06701, Spain

Extremadura is a region in the west of Spain whose principal activities gre agriculture
and livestock, and whicly possesses, in addition ta several hydroelectric power stations, two
mclear power stations: ane in Ahnarnz (fully operating) and another in Valdecaballeros
{(under construction). The social awareness of the risks which the utilization of Nuclear
Energy involves is ratler poor, even among the science students in the ficst vears of their
degree courses: what is worse, the facts are distorted by a frequently sensationalist press
and by the often exultant tone of the informative leaflets from the Nuclear Power Sta-
tions themselves. Research carried out by the Physics Department of the University of
Extremadura could remedy this lack of awareness by acting appropriately in two ways:

a) by including in the study programs of the first vears of Science Degree courses one or
two lectures. or several seminars, which would deal accurately with the possible risks
of Nuclear Energy and collect all significant date provided by the Physics Department
rescarch on the subject. and

b} by publishing in the local press the vesults of the investigntion in accessible language.
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SCIENCE IN SOCIETY COURSES AND UNITS
AT THE TORONTO BOARD OF SCHOOLS

Ana Csillag
City Schoal
Toronto, Ontario N[3A 3IKG, Canada

The topic of the impact on society made by scientific discovery,
and by the accel erated development of technology has been
addressed in several of the science courses taught in the
Becondary *avel in the Province of Ontario. Those courses
came about because of individual teachers' efforts and
interests, with no support from any organization, yet teachers
could find relevant material through the media department at the
board of education, and organizations as Ontario Hydreo, the
province’s Electric Company which supplies data, pamphlets, and
speakers about the different energy resources, particularly on
atomic sources and the Candu reactors. Although teacher’s
interest remains a crucial factor in the success of this
courses, it is now recognized and emphasized in philosophy of
the guidelines of the new curriculum.

NEW RESPDNSE:

The whole issue is now taken more seriously as mandated by the
Hinistry’s new curriculum, in tune with the recommendation of
an independent committee at the Toronto Board of Education,

An poutcome has been the introduction in the Secondary Buidelines
of a recomendation to address the impact of science

and technology in all science courses. (there are fifteen
science courses in the Advanced University bound Level)

This can be athieved by teaching a separate unit, and/or having
a discussion in pertinent parts of the curriculum, with
evaluated projects the students have to research, ranging from
the effects of acid rain in a particular lake, to computerized
identification of missing children.

This Polity appears in the Program Outline and FPolicy of the
Science Curriculum Buideline.
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POLICY:

"The curriculum e .ind in this science guideline places
distinct emphasis on the science—technology-society
connection. For this reason scientific applications and
societal implications are mandatory components of each
unit of study. In addition, Part 1| of the guideline
underlines the need to incorporate sorals/values
education into science courses. Undoubtedly, this
will give rise to the discussion of some sensitive
issues.

Such discussions are important. Generally, they should
be focused and should provide an open forum for the
expression of different viewpoints. In this regard
teachers of science are urged to familiarize themselves
with section i0:"Values in Bcience Education", and to pay
particular attention to the principles to be observed
when dealing with sensitive issues in the science
curriculum. (Appendix I}

At the Toronto Board of Education an ad hoc group, the
“Thinking and Peciding in a Nuclear Age Advisory Committee"
had been meeting to discuss how this topics

should be taught. One of their outcomes is the production of &
teacher’s resource book and support material for teachers who
want to explore teaching a unit in a science course, that will
explore the following topics:

What is Technology

What is Work

Technology and Work

Technology and Values

The Economic Order

The International Economic Order

The support material provides extensive

biblicyr achy, included that of videos and films; evaluation
suggestions. Also it offers particularly useful description
or interactive activities with the students, ranging from
putting the caption to provocative cartoons, to envolved group
activities and discussions. It provides suggested forms of
evaluation. (See Appendix 11)
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A new course, on Science and Society, focusing on the impact

of the accelerated development of science and technology on our
society, has been planned to be offered starting this week,
throughout several schools in the Province of (ntario, at pre
University Level: Universities ent, —~-e requirement are a
minimum of six Ontario Academic Credits. English has to be one
of them, three or four of them are pre-requisites for the career
selected by the individual student, leaving some degree of
frecdom for the two or three of those pre university credits
left, from a menu of about eighteen different courses. Science
in Society will be pne of those options in several of our
province’s school this year. The Hinistry of Education has
provided curriculum guidelines, and placed pre-requisites, the
Board’s of Education provide documentation, and video resources,
yet in an initial form. (For Guidlines see Appendix 111).

There is a grade 12 Environmental Science course. It’s goal
is to educateand sensitize students in the urgency for the
care and change of atittude of all people, and naturally the
governments on the care of our planet. (See Curriculum
Guideline, Appendix IV)

It has been particularly successful when students went out to
the field and actually worked in clean-ups, testing the
composition of the waters of the city’s Rivers, or in programs
of reforestation, or in Toxic Waste Hanagement FPlants.

The number of hours worked, and the aknowledgement of the work
done varied from credit for the course, to hourly paid work. A
ner possiblity in that area are the Co-op courses now
incorporated to our curriculum:

CD-0P:
Students must obtain one credit in an area at their
school, and they can then add ‘another as 2 more credits
in the same area, by doing 120 hours of work for an
industry, or other work place. Teachers monitor and
evaluate the field work in conjunction
with their students field supervisor.

This puts students directly in contact with the work
situation today, allowing a fruitful learning of the
the status of work and more in depth discussion on the
future of the workplace
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IN THE PAST

At least 3 other different courses have been taught in
Secondary Stchools, of different flavours and emphasis, depending
who, where and why they were taught. One of them was offered at
City School in 1987, It was an interdisciplinary course on the
impact of technology on society. The interdisciplinary aspect is
part of the school’s individual

specialty, where each year a course of that nature is offered,
by a group of teachers, to students of all grades together.

The organization of the course is shared with some of the
students to make the course rooted in their interest. The
course included research donhe in groups, a visit to industries
with a pre-—checked questionnaire, and several experts visits to
the school: new technology users, unioh leaders, researchers in
genetic engineering, librarians, and professors. Students had
to write a report on each visit and & discussion followed.

CONTENT:
History of work, labour, and unions
Trends
Industrial Revolution
Comparison with todays "Automation Revolution
Visit to Industries and Interviews
The Future of Work, impact of technology
Science
Values and Policy

The overall result of the course was somewhat less enthusiastic
than other interdisciplinary cnes (like UN with mock assemblies,
or & course on the sixties).

One of the reasons was that the discussion and prediction for
the future looked dim to our students. Particularly depressing
to them seemed the continuous deskilling produced by renovated
and accelerated mechanitation and automation, which reduces

the number of jobs, and transforms those left into supervising
or being slave to a machine. Interesting and challenging Jjobs
appear tog, but much less of those will be needed. The
mechanization of work in tHe service sector is scary to many of
our students who are currently earning their pocket money there,
or 1n the dissapearing primary sector. The lack of options
for the majority of the popul ation for interesting jobs, for
enduring pccupations. The shift towards service work in the
occupations, and the mechanization of human labour were clear
and threatening. The tourse was worthwhile, interdisciplinary,
but it was not an encouraging look into the future of work. #An
aspect 1 would want to be able to honestly incorporate in the
teaching of the Science &nd Society course.
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Handling Sensitive lssues
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School boards are to emsure that nstruction relted Lo sensaine
issuss i science 1 treated in 2 Setsive and sceniific mamer
Care should be taken to inwoduce such sses onh a1 imes
when the maturin level of students & appropnate The pmn:l
ture treatrent of an isue must be 2vorded

When dealing with am theony 1 the classroom. the leacher 1
expocted 1o discuss te srengahs. liutations. and tentative
nature of the theory with students. Mudents should be gren
ample oppartunsh lo consider the processes and the data path-
ering on which such & theory deperds. When examning the
vabulity or 2coeptability of 2 theon, the teacher s 10 stress the

of the theon as an explanaion device thairsn-
tersded Lo cotrelatzwith chserved phenomen

I is ot the mtention of the Musistn of Educiton explicith 1
chude of enclnde all viespamits of explanatione of am. gren
phenomenion or process mentioned i e science cumeulum
Generalh, the mogt wideh. accepled viewpoin® e rapuinad i
the progran, but thes nned i be itepreted as nuph g dha
other perspoctives are nod vahid of are ot to be preented o
dscussad In fact. the mtroduction of iwo opposing views often
hesghitens the interest of students and results 1 2 mne open-
ended and discenung, appruacl o an 1Isug-onented lopic

The science staff willni 2 school. 1 coreultation with the
prncipal. should docide wlich iswes of rlevance and concen:
1o students and soqies will be emphisized Commuint con
cen's refated tosuch e must be taken o considerdion m
the desigy of specific courses. There should be 2<aund rilron-
ale for deliberatels meluding 2 sensitne 1ssue m Uk progran

Some issues will be introduced through ~umculuni design
athers, through the pontaneots initiau € of cunesn of a stu-
dent Ineither case. the teacher shall ensure a sersuwe arxd
ratroria) reatment of the sue and act as 2 role model in an
enaranment of mutual respect. The teacher should asust stu-
dents 1o

2} develop. articulate. and reflect on their gt points of view

b) listen to anid consider e views of others

¢) iy 1o understand and appreciate both sides of an anpunenk

d} take mlo account relesant infermanion

€] corsider vanous interpretations of collected dit o obrenvd
phenomena.

1) appreqiate the possible ethical. cultural. eacial natenal or
religrous nphications of 2 ponl of view

2 grow intellectualh

NNz prejudice

b) reflect students mterests_needs. capabilities. and level of
matunh,

¢} reflect commumt concene as well a< preswncial national,
and mternanonal imphoations

dt reflect complementan of drverpend peigectives tiar ni be
held by people with diflerent cubtumal eacial 1anonal. or
religsonss hachgrounds.

e) relate lo Mymsiny of Education cumculum-guideline
requIrements

T Inscience classes different viewpoints tiscludmg, tiose hsed i
doeph held reliprons or cultural beliehs, should be preened
and drcussed i a repectful and mtelligent nominer 1fan isue
m the science cumculum refates to rehigows penpective., the
teacher and students must undentud diat m the science ¢fass
room other realms of knowledse, such as rehpton with i
doctntes and faith onentation. mus be repected for ther owy
nmsic value and contnbutions However. (URd as refigious
education b its nature must ivolve studeuts i the studh of
rehigions kiewledpe and metwododor . scrence educion nwst
unohve students in the dedy of scientilic kiewhedge and neth-
odalom Students of all backgrounds shiould be encouraged
To view science education 28 an opportuit (o kam ahout the
scientific viewpoint. If he matenal beang studied m 2 panucular |
unnt i fikels 1o be ncompatrble with the deeph held rebigims
helieh of some students and theit panmts then such matesiai
should be treated seritveh and with drscretion i some situa-
lons st mav be appropnate to assign aheniative matenal o
the students concened

When cialuating student achicvernend in 2 topic that i seisitne
or contnoverseal, te teacher mued take czre to obsene the
followng guideluies

2) Stdents may be 2dked bo outme of descbe 2 screnfific the-
on ofview even though thes ina notbelige mit Thes
should be mioamed that e answers will ied imph their
deluybut serve as annidicanon of St rivedafe

b Il studesits are a<ked to outluse or desebe their befieh or
opmions zhow an ssue, then the evalualon nied be hased
on purely ohiective features such as orpanzalion. resol-
mg. sequence. dovelopmens, readabedite. and overall presen.
tation. itot o1 e acual belief of opion. partscularh if &
ws drergent from it of the eacher

¢} Students are to be informed n advance of 2 test of evamim-
niot1 of the entena Uhat will be used in e evaluation p-
oss. particalarh when a quedtion deaks with 3 sermitne
of conlrovensial ssue
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TO THE TEACHER: AN INTRODUCTION

1.1 How To Use This Curriculum
1.1.1 The Curriculum - Umt by Unut
1.1.2 Timelines for Using the Unites
1.2 Curriculurn Objectives and Evaluation
1.2.1 Knouwledge Objechives
1.2.2 Skills Objectives
1.8.3 Attitude Objectives
1.2 4 Evaluation
Resources
1.8.1 The Recourcc Section
1.8.2 Spccial Resource Activity: U'ang Maps
1.3.8 Special Resource Aetimbies: The Differcuce between Arguing and Discussing

UNIT I WHAT IS TECHNOLOGY

Topic 1.1 How Technology Is Used

Topic 1.2 The Development of Technology
Topie 1.3 What Is Technology

Topic 1.4 Issucs for Modcrn Technolony

UNIT 2: WHAT I8 WORK

Topic 2.1 From Technology to Wark
Toprc 2.2 Where People Worl
Topre 2.8 What Is Work Warthy
Topic 2.4 What Is Work?

UNIT §: TECHNOLOGY AND WORK
Topc 8.1 The Changing Warkfurce

Topic 3.2 The Changing Warkplace

Topic 8.8 Working with Changing Techuology

UNIT §: TECHNQLOGY AND VALUES

Topic {.; Who's in Chargqe Here?

Topic §.2 Fssucs in Copang with the Changing World of Werk
Topic 4.3 The Valuc and Purpuse of Tecknolagy

UNIT 5: THE ECONOQMIC QRDER

Tapic 5.1 From Work aund Techuology to Econamies
Topic 5.2 The Faxmiy ax an Economie Umit

Tovic 5.3 Economics and the Nafran Stale

Topic 5.4 The World Economic Order

Topic 5.5 WWhat 13 Economics?

UNIT 6: THE INTERNATIONAL

Tapic 6.1 Problems Facing World Society Today
Topic 6.2 Issues in Intcrnational Econamica
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Particular Features of

Science in Society, OAC
( APPENDIX 3)

Units of Study and Their Time
Allocations

The folluming chart pros 19¢s an enerviess of the units of stgds
Soerce 1n Socien. OAC B akoindicates the ame 1o be divttod o
exchunn

Sciencein Society, OAC (SSO0A)

Units of Study Time Allocations
Core
1 The Nature of Sience ik
2 The Natoreof Techinutugs 2uh
3 lfomansin the Enviconment Wh
4 Cuteent Issues inSaence Wk
20h
Optional
Locally Designed Cnn 20h
’ it

If2locl unitis not done e m-re than seven hours shouid be
added1ocxchcore ung

The Purpose of Science in Society,
QOAC

Srencemn et vacours for both avid soence students and
sdeniem he have amanterestin wiens e 2 0 aftecs socien
Science-onented students wall increas: thew hnos kedge of aspeas
ofsaence that are not normally emphasized i coutecs that are
focusedenindn dual scrence disoiphines Such zopectsinclude the
contnbution and responsbuliny of renve and st tosock iy,
the influences of societal firees suchas ecomonnes vatues. and
poltics onscienhific rescarch. and the hastar: d development of
madern scientsfic knom ledge Inaddion snce thiscourscsan
mierdiapliman approachtostience. scrence-onemedsiudents 3
will be evpored toan integrared perspective on screace

Stwdents nol specahnngan scicnce will. inaddimon e the above,
erease therr understanding of scence. itsmethods, and s
nonledge whach wall 2ssise them in becoming infotmed
proklemsoh ersand decistor mahers They will alw lcarn some-
1hing aboutthe ol of science and technologs 1nsociei

Thiscourse isessentially converned %ith deseloping comepts
through expenmenitaion. dis usson. research ¢rincal thinkang.
and analysis. 1t 8 ot designed premanlt to estil a speaific bodv of
knowledge Roughly speabing the course should deal with sen
ufis content and proc esses fot 2bout “Upet cent of the ime and
wihclatedsocietal coneerns fos the remaiming 30 percent Each
Studenit shoub be encounaged 1o discuss and refleet on hus et
evpenence and siew poind reparding the tole of \arence andiech-
Tl an e s aned agpedtsof sucten. pastand present

The emphazsisin thiscoutse s desipned toproduce studenis who
arewell versedan the issues suroending science and technotogy
and are able tanab se thementically. The course wall provide stu-
dentswith the opportunits wdevelopintroducton rescarch shlls
i ohinga s de range of mateeral and enable them toreport and
defend thew findings 1n both oral and 4 nteen form They will dso
Jdevelop ahstoncal perspective that should sllow them tocompare
preseattrends and aitiudes s ith these from the past, and they wil
be encounged 1 develop ther idea about the feture impact of
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Sincethereare mam different s sew pints and opimions enam
speaific naie. students showld b encourzged lube sensine 1o the
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toproblems & mag 21 ofthe coure )10 me rease understand-
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crans, educators. and amizens




ACID RAIN MONITORING IN SCHOOLS

Ndiké Hobinka, Miklés Riedel, Baldzs JAvorszky
Fazekas Grunmar School - Dept.Phys. Chemistry, EStvis University
Budapest, Hungary

Oue of the iisks of the fossile encrgy production is the acid rain. Acidic deposition
has Leconie serions ecalogical problem all over the world. The most important prewducts
of the combustion of fossil fucls are €Oy, SOy and NO,. The amonnt of Xy fixed per
year hy energy production is estimated of about 1.3-10'"? moles. The ratio of $O,:X0,
emission lies hetween 1:1 and 3:1. The acidity of the precipitation (both dry nnd wet)
i not unifona in the world. it is especially high in the well industrialised regions and
in thein neighourhood, according to the wind direction. UK, FRG, GDR and Poland nre
the imost polluted comtries in Europe. Hungary lies in a medivnu polluted area. The pH
of the rain in Hungary changes from west to cast from 4.5 to 5.5. The Hungarian part
of the international network for measuring the chemical composition nnid acidity of the
precipitates has been organized by the nstitute for Atmosplieric Physics. It consists of 10
stations with monthly smupling Iy ieans of wet-only collectors. 2 station do also daily
sampling. The sehools ean contribute (o this work supplying some additional information:

1. The sampling can be done in a big nunber of stations so a highe spatial resolution
of the precipitation can be achieved.

2. Daily wet-only sainpling can be done in cach school stution.

3. Thi- samples can be measured jnunediately after the rainfall so wnwanted neutrali-
sation cannot change the results.

School networks operate already c.g. in USA, FRG. In Hungary a preliminary study
of acid rain was perforined in the grammar school of Sirospatak detceting short time
cliatiges in pH values. Our goal is now the organisation of an acid rain monitoring network
of schools. The acidity of the rain is expressed in pl units. Because of the atmospheric CO5
the neutral point of the precipitations is pH=5.6. The standard method of determining the
pH is by glass clectrode, which is, however, toa expensive and complicated for the school's
everyday use. The so-called non-bleeding indicator paper is suitable for acid rain tost since
it is cheap, easy to handle ind needs only smali volume of collected rain water (5 em?).
We Lested non-bleeding indieators papers graduated i 0.2-0.3 pH units by comparing the
coloriinetric methed with glass clecirode measurcments using standard buffer solutions.
The time necessary to reach the equilibrium in the practically non-buffered rain water was
found to be abeut 5 to 15 liours. Computer program serves for data handling nnd for
visual dewonstration of spatial and time distribution.

We ineasured the pH of rain water for half a year in Budapest daily {wet-only smnpling,
immiediate pH measurements, at least 3 parallel readings) resulting in a time dependence
curve of the pH in the centre of the metropolis with a inean value of about pH=4.5. In
the course of organizing the school’s network of acid rain monitering about 40 schools
expressed their wﬂlmgness to participate the long period project.
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ENVIRONMENTAL PROBLEMS
IN PUBLIC EDUCATION

Helmut Mikelskis

Institut fuir Padagogik der Naturwissenschafton
Kiel D-2300, F.R.Gernany

I. Preliminary Remarks:

looking back

Eight years ago I gave a lecture here at

colleague Roland Lauterbach on the theme of

of Nuclear Power".

ber the ¢ontroversial dialogue about the

nuclear power stations.

ceedings.

Those of you who were

this very place with my
“"Teaching the Issue

thers may still remem-

pros and cons of the

May I refer the others to the GIPEP-pro-

buring the lecture We presented our teaching unit on "Energy

Supply by Nuclear Power

reprinted in 1980 by Klett-Verlag,

still used for teaching
teaching physics., which
wide recognition in the
very controversial when

This approach has since

The problems of nuclear

1} There are 20 nuclear
in operation

ced}. But no

first published in 1976 and
1).

Our problem-orientated view of

Stations”,

Stuttgart (Fig. It is
purposes.
Wwe relate to soc¢iety, has since received
FRG., despite the fact that it was still
the book was published 131 years ago.

influenced syllabuses and text honks.

power in the FRG can be seen as follows:

power stations wwith totaly 22 000 MW}

tthis accounts for about 25% of electricity produ-

further power stations are being built or planned.
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Hikalskis/Lauterbsch
Enargy supply by nuclear power stastiona

IPH Physics curriculum grades 5-10

Klett: Stuttgart 1976 (2. sd. 1980}

Huclsar power stetions ~ the pros snd cons
Which aspects doaa the toplc “Ensrgy supply by nuclesr power
stations™ Lave?

A. Atowle snd nuclaar physics

¥hat is sn atos?

What are isotopas?

What is rediosctivity?

How can one msasura radioactivity?

Mow can ona {llustrate radiosctive decay?
¥het happens during nuclear fission?

Technology of nuclear power stations

How are thermal power stations constructed?
10 How does nuclear power station function?
What types of reactors exist?

Dangera arising from the use of nuclear snergy

What are the effects of waste heat on the environment?
What are the dangors of radiosctivity to mankind?
What can be done with atomic waste?

Economic snd political contexts

What are the relations batween the nuclear energy. econcmic
grouth, and standard of living?

Whe participates i{n, 1is concerned with the planning.
tinancing. constructing, and running of nuclear pover
staticne?

Can the supply of nuclear fuel be guarantaesd?

ltistory and future: Alternatives to nucleatr energy

Which historiesl events are related to the'developrent of
nuclear energy use?

Are there altarnatives to nuclear power stations?
Huclear energy - for or sgalnst?
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2} The fast breeder reactor in Kalkar and the gas~cooled high-
temperature-reactor in Uentrop-Schmehausen have cost till now 11

milliards of DM, but are not to bs used.

3} The construction of a national reprocessing plant in Wackers-
dorf has been abandonned. 3 milliards of DM have already been
invested in this project. But electrici:y industries. not our
government . decided to make reprocessing in France and Great
Britain. They flee the costs and the anti-nuclear-power-movement
in our country. A final solution tou the problem of the storage
of nuclear waste in saltmine near Gorleben has not yet been
found.

4) The accident in Harrisburg in spring 1979 and the catastrophe
in Chernobyl seven years later in the spring of 1986 (one
wonders what awaits us in the spring of 1993, another sewven
years later) have changed public opinion in the FRG so that a

majority is now opposed to nuclear power.

0

5} All of the political parties regard nuclear power as a temp-
orary source of energy. Opinions range from "abandonning nuclear
power immediately". (The Greens) through "abandonning nuclear
power as soon as possible, at the latest by 1998 (Socialist
Party) to waiting until existing reactors have outlived their

useful life (Conservativesl.

Huclear power is an important and complex social issue in our
country. It should first be examined from various angles when

considering how it should be taught (Fig. 2).

I111. Th Issue : Huclear Physics Education and Environ-

mental Education,

The nuclear issue has lohg been treated as a part of nuclear
physics for the purposes of teaching. This inevitably led to

aspects of the subject being overlooked.
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Let us start by asking the question: "How should public educa-
tion, or schools which provide an all-round education approach
the nuclear issue?" Should "Muclear Education™ be treated prima-
rily as part of a general environmental education? This is the
only way of ensuring an appropriate 4agogical treatment of the

problem,

I should like to deal with seven elements of environmental edu-
cation. They are based on a general critique of schools which

goes beyond the themes of nuclear energy and the environment.

1. Environmental Education means learning by being concerned

Day to day education is all too often characterised by learning.
revising and testing without the involvement of the learner. The
daily avalanche of "prefabricated knowledge” and "fast informa-
tion" which confronts us kills off any tendency to reflect or be
asionished by something, and dissuades hesitant attempts to ask

questions,

However real learning thrives on the unification of external
stimuli and the inner world of the learner, If I am connected
with something, I myself feel responsible for it; it concerns

me.

As far as the environment is concerned, it is a sad fact that
surh stimuli are to be found on our doorsteps: polluted air and
war-~4: - monotonous surroundings. nuclear power stations. not
onavy . iax."m. Y and Chernobyl, but the plant nearby. toxic and
radicic substances in our food, the countryside carved up for
traf* the proliferation of plastic., the barrack-like
atrotphere of the schoolyard., the concrete monotony of school
ble: k., the technical nature of learning itself: exact.

effective, yet cold and impoverished.

2. Environmental education inveolves understanding our current

situation in its historical context.

Most young people at school today were not born when "The Limits

to Growth" appeared and when Sunday driving was banned during
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the oil crisis of the early 1970s. Viewing things in their
historical context allows us to relate them to a broader
context. The present is the product of past events. Present
circumstances can in turm be changed. We have moved from a

static to a dynamic view of the world,

Fnowing that people cculd once swim in the Rhine or the Danube
raises our hopes that it will be pessible again in the future,
but it also causes us to fear that sWwimming in the Baltic or in
the Mediterranean, which we now take for granted. could also
come to an end in the not too distant future, and the develop-
ments which c¢an be observed in these seas show that such fears
are not unfounded. Contemplating the past also enables us to

contemplate the future.

The “istory of the atomic energy eXplains really a lot of our

problems today.

3, Environmental education involves developing the senses_and

schooling perceptions

We must once more learn to make more time for our own percepti-
ons. The senses may be seen as a gsort of anchor which ties us te
the present. The physicist CAPRA describes our current crisis as
a "crisis of perception”. We endeavour in vain to apply the con-
cept of a long outmoded mechanistic view of ‘the world to a re-
ality which simply does not allow itself to be understood by
using this framework of ideas. CAPRA calls for an ecological

view.

Where almost all environmental problems are concerned the lack
of sensory perception is proving to have particularly dire con-
sequences. In the age of databases, computer terminals and cable
link-ups; in a "media age"which inundates us with information.
there is an ever increasing danger that Wwe shall lose our oWn

sensuous experience of nature.

The problem of the radiocactivity is, that we have no senses for

it. And the big scale of modern energy technology is fare away

207
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from our daily perceptions. Nobody can have a feeling of 1300

MW. A windmill is mucn nearer to human imaginative faculty.

4. Environmental education means learning holistically

According to Morris BERMAN. holistic cognition is the original
and ecological way of perceiving nature. Modern analytical
science has tried to eradicate holism, but the successes achie-
ved, for instance in the development of technology. were dearly
bought .

The compartmentalisation of life has led to alienation in ail
areas. The custom of learning separate subjects in 45-minute
blocks, is diametrically opposed to the holistic nature of our
confrontation with environmental problems. System research and
the concept of “networking"” have been further developed in
connection with ecological issues. However, the integqration of
analytical and synthetic processes makes great demands on the
teacher because barriers set up by schools have to be overcome

when organising interdisciplinary teaching for example.

Water must no longer be reduced to a mere chemical formula -
Hz 0. Water means swimming, the ocean, life, drink, rain. the wa-
ter cycle. and much more. Water challenges: in science, techno-

logy. society, poetry., art, and philosophy.

3. Environmental education means encouraging pupils to form

their own judgements

The reason for encouraging pupils to exercise their own powers
of judgement is not merely to enable them to acquire the know-

ledge necessary for making a judgement, but to enable pupils to

distinguish between important arguments and that which is irre-

levant. and between correct and incorrect statements in a debate
on the pros and cons of a nuclear power plant, for example. It
is important that pupils should be able to acquire knowledge for
themselves and have the capacity to reach a well-founded

conclugion.The conclusion will of course always be a provisional

208
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EXERGY Ranswsble Ensrgie Rascurces and Alternative

Ensrgy Toehnnksgiel

A Textbeok for students of grades 10-13 (in Garsan}
Dieaterweg/Sausrlindsr: Aarau/Barlin/Prankf./Hinchen/Salxh.1924

1. Ensrgy Supply in the FRG

1.1. Energy Consumption in ths FRG
1.2, Therssl Powsr Staticns
1.3. Nuclear Tower stations

2. The S5Sun as Enargy Sourca

1. Ths Powsr of Solar Radiation
2. Energy Production’'by Nuclesr Fusion
). radistion of Solar EnergQy

2.4. Absorption of Solar Radiation-

3. Alternstive Production »f Heat

3.1. solar Collactorn
. Kaat Pumps
3. Active and Passive Solar Energy Usa
J3.4. Bioenergy
. Geothsrmal Energy

. Elesentary Concepts of Theramodynamics
4. Alternative Production of Elsctrical Eoer9y.

4.1, Windpower Stations

4.2, Photovoltaic - Solar Cells
4.). Energy Supply by Hydropower
4.4. Fuel Cells

4._%. Energy Source Hydrogsn

4.6. Basic Physice of the Generator

5. Poaxsibilities of Saviag Enargy

1. Survey of Energy Saving Poasibilitiea
. Energy Saving in Industry
1. Energy Saving at Home
5.4. Energy Saving in Transportaticn
. Energy Saving and Mutrition

6. Energy Economy and Policy in the FRG

6.1. Elenents of Alternative Ensrgy Policy
6.2, Effects of ths EZnergy-Economy-Law
6.3, Energy Ressarch end Development
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assesment pending new knowledge, but it should in priir Ziple be

taken as seriously as the judgement of the so-called expert.

Acquiring the power of judgement may be a high goal., but ecolo-

gical education which stops short of this aim is meaningless.

6. Environmental education means learning to act

The divide between judgement and reality. that dialectic between
what “should be" and what "is" must bear fruit. Action must grow

out of experience and cognition.

Apart from the internal field of action within education. ecolo-
gical learning should always include outside action as a yard-
stick to reality with all its opportunities and limitations;
only then ¢an it take on its necessary social and political di~
mensions. If we wish to surmount the ecological crisis. if we
wish to survive, we must act. and acting must be learnt, more so
than much of what we find in syllabi today. We do not need young
people who passively watch what is happening in the world, we

need active young people!

The links between knowledge. experience and action are very

important for the learning process.

7. Environmental education means being gquided by an imaginative

view of the future

When it comes down to it, the whole ecological movement is an
expression of care for our future. Concern for ecology¥ means
concern for the future. For the first time in the history of
mankind it is no longer exclusively a question of means but also
of ends in terms of our future. Education as such is always di-

rected at the future.

However it is extremely difficult to prepare for unknown and of-
ten unforeseen situations. Anticipatory learning is theoretical-
coneceptual learning as well as creative discovery learning, and

it requiresa the abilily to think associatively and imaginatively

about the future.
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The forward-locking nature of ecological education, and indeed
that of education as a whole, is more than a matter of form, it
is the thorn in the side of the ritualised science of results,
the efficiently organised world =~ ~refabricated learning pro-
ducts which involve repeating what has been done before. Above
all, being forward-looking means accepting the freedom of educa-

tion.

IV. Teaching Nuclear Power in the framework of Environmental

Education.

I have described seven aspects of the issue of nuclear power. It
should be taught within the framework of the seven elements of
environmental education. This is intended as a sort of view-
finder which should make it possible to make didactical decisi-
ons as to how the nuclear issue can be incorporated into public

education (Fig. 3}.

Books for lessons in physics acording to this interdisciplinary
approach may look perhaps like the “Energy book™ in fig. 4. But
this is no politics book, no economy book, no environmetal

education bhook - may be it is all! But who cares about this?

€ L SUMMERS SORLANTO SERTINEL




THE BUSINESS OF FUTURE

E. Leounard Jossein, president of International Commission on Physics Education
Depattment of Physics, The Ohio State University
Columbus OH 43210-1106, USA

Life is full of risks. George Marx tock a very large one when he asked me to speak at
the end of our conference and to iry to capture its pirit -- to try, in some way, 10 say
what the conference was all about. For such a large conference with such a large
variety of topics being discussed thal seems 1o me to be an exceedingly ditficult, if not
impossible, job. All 1 can hope to do in the time available is to give you somse very
persona! impressions and opinions and 1o hope that at least some of them wil find
resonances with your own.

If one is obliged to characterize the conference in a single short phrase. perhaps the
most obvious one would be that it has been concerned with planing for the future. It
has been said that the business of mankind is planning for the future. That is never an
sasy job, both becauss, "Tihe future is no fonger what it used to be."(1) and
because ‘The lrouble with the future Is that it usually arrives bafore we
areready forit."(2)

Planing, 8s | sea it, means trying to foreses the consaquences of the actions we take
in order to change the future in ways that Seem desirable to us. The fact that we
intend 1o change the future has the strong ethical implication that we should act

responsibly. We need to be prepared to take responsibility tor the consequences of
our actions. Ve all know from experience that when decisions are made and actions
are taken in ignorance, or blindriass, or with attention only 1o immediate results, the
consequences can be disastrous. (See Figure 1)
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The gentleman in this cartoon is obviously unaware of the nature of his environment.
In his ignorence of the world around him he creates a disaster for himself. "He
reminds usthat, */f you think educatfon is expensive, try ignorance.”(3)

It is iMtaresting to see what cthers have had to say duuut the future. For example:

At the present moment a discussion is raging as to the future of
civilization In the novel circumstances of rapld sciaentific and
technological advance. .... Modern science has imposed on humanity
the necessity for wandering. Is progressive thought and its progressive
fechnology make the transilion through lime, fram generation (o
generation a true migration into uncharted seas of adventure. The very
benefit of wandering is thal il is dangerous and needs skill {o avert
avils. We must expect, therefare, that the future will disclose dangers. It
Is the business of the future to be dangerous, and it is among the merits
of sclence thatl it equips the future faor ils duties."(4)

These words by Alired North Whitehead, the mathematician and philosopher (1861 -
1947), come frem his Lowell Lectures et Harvard University in 1925, A
contemporary of his. H.G. Wells (1866 - 19486), noted many years ago that * Human
history becomes more and more & race belween education and
catastrophe.’(5) Ifanything, the race is even cioser today than it was in his time.

What does all this say to us as leachers? Perhaps that as teachers we have a
responsibility to help our students to learn to fece the dangers of the future and to
help them to learn to plan wisely. We need to help them to understand clearly the
problems with which we and they are faced, and to show therm how to do careful and
responsible estimates of risks -- and of the uncertainties in those estimates -- so that
they do not just stumble blindly into the future.

In Whitehead's remarks he taks about wandering and about uncharted seas of
adventure. Recently mankind has been wandering past the planets JupHer, Saturn
and Neptune, on the Voyager spacecraft and has sesn many new and unexpected
views of the solar systern. Now Voyager is taking us out of the solar system on new
adventures in the truly uncherted seas of spacs.

This brings me to what | would [ke to talk about next. It elso has to do with intellectual
and physical adventure.

On 28 January 1986, in full view of a world-wids television audience, two wormen and
five men, the crew of the Space Shuttla Challenger, met their deaths.

There was, of course, an investigation of the causes of this tragedy, and a
Presidential Commission issued e report in five large volumes.(6) | would like to
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suggest that the Challenger disaster has a special significance for us as physics
teachers for two reasons. The first is thal the analysis of the causes of the disaster
involve simple ideas from classical mechanics which should be easily acressible to
most students. The sacond reasen is that there was something unique about the
investigation and the report. The unique factor was the presence on the Presidential
Commission of som: e whose name is well known to you ali: Richard P. Faynman.
As he atways did, Feynman had his own ideas about how an investigation should be
ecnducted and what were the important questions to try to answer. He wrote a
special Appendix to the report entitlad “Personal Observations on Reliabilty of
Shutile" (Appendix F in Volumae l1). | would like to read you the first paragraph just to
give you abit of the tlavor. Itis pure Feynman.

‘It appears that there are enormous differences of opinion as to the
probability ol a lailure with loss of vehicle and of human life. The
estimates range from roughly 1 in 100 to T in 100,000. The higher
figures come from working engineers, and the very low figures come
from management. What are the causes and consequences of this fack
of agreement? Since ! parl in 100,000 would imply that one could put a
shuttie up each day for 300 years expecting lo lose only one, we could
more properly ask “What is the cause of mapnagement's fantastic faith in
themachinery?"

Feynman also gave an account of his experiencas on the Prasidential Commission in
his book *What Do You Care What Other Peopla Think?"(7) tf you have not yet
had the opportunity to read it | recommend it to you and your students very highly. It
is well worth reading for Feynman's insights into how risk estimates are made and
how strongly human factors can enter into them and into our decisions for actions.

Relerances:

1. Atributed to Paul Valery

2. Atirlbuted to A.H. Glasgow

3. Atributed to Derek Bok

4. Alired North Whitehead In Science and the Modern World
The Lowell Lectures. 1925, Chapter X!lI. Requlsites for Soclal Progress

5. Herbert George Wells In The Qutiine of History, Chapter 40 (1951 Editlon)

6. Report of the Presldentlal Commission on the Space Shuttle Chalienger Aceldent
Washington, D.C. June 6, 1986

7. Richard P.Feynman in What Do You Care What Qther People Think?
W.w. Norton & Co. New York, 1988
Part 2 of the book contalns both Appendix F of the Report ol the Presidentlal
Commission and Feynman's personal description of the process of the Investigation.
Ancther version of Feynman's description appeared In Physics Today Vol. 41, No.2
February 1988, pp 26-37 under the title "An Outsiders Inside Vlew of the Challenger

Inquiry®

Future is uncertain, Eat dessert at first!

Leonard Jossem
chair
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WORKSHOPS

A) ALERNATIVE CULTURES - ALTERNATIVE CURRICULA

The task was to study national curricula, to discuss student achievements, ete. from
the point of view of differing cultural and social background. That is the reason why E.
Geeso {Budapest) gave some informntion abour S185 (Second International Scienee Study,
which was organized by the Internntiona) Association for the Evaluation of Educational
Achievements in 1983) and he showed a lot of data about
- structure of science instruction in each Country,
- pattems of scicnce teaching,
- pereentage of an age gronp in school,
- solected eharaeteristivs of schools, teachers. students, cte.
- national average seores on the Science Tests in 20 participating conniries.  J. Wendt
{ Berlin) recited the results of the 19, Interuntional Physies Qlympiads (Bad Ischl, Austria.
1988). - There was an electric atmosphere while discussing the concept of curriculuim mider
the chainnanship of J. Barojas Weber (Mexico). We did not come to final eonclusion
about it, but everybody agieed that the concept of curricnbnm involves much mare thin a
statenment of content. The science curriculum is considered ta have process dimension as
well. So each participant of the workshop gave o short report abont their coantry and the
national educational svstem.  In addition to the formal scienee enrriculum of a school
{or country ) there is a hidden enrricutum, the effect of which depends on the way how the
school is managed and on the inter-personal relationship hetween students i teachers.
Since the hidden enrriculumn is not specified, it is not anenable (o analysis in the same
way that the formal curtienlin ean be analyzed.

{ Eron Gresa)

B) STATISTICS: INFORMATION OR MANIPULATION?

Pick up a newspaper and encirele every item in which mathematies in reguized for
its understanding or interpretation. Do vou find equations or trigonametiy” Instead yon
will find charts, graphs and words such as "average™, "trend™, correlation”, "unlikely™,
“chanee” and "nisk”. You will see them on the sport pages, Anancial puges, in the weather
report, in political opinion poll. Why do we find so many uses of statistics in the news-
papers? Many of the decisions we make are baseld upon incomplete or uncertain data,
many of our choices contain a certain risk of adverse effect. We collectively -nake decisions
about the clioiee of energy for electricity generation with their respective risks of ateinic
waste disposal arl acid rain from burning coal; of speed limits on highways; of residuals
of pesticides and chemical additives in food; of maxitmun allowable adverse side-effects of
medicines. We st be able to balance fear and opportunity by udderstanding the risks of
alternatives. The Workshop discussed questions like how to react to the following sentence:
“In the U.S.A. about 30 000 people die in car accidents cach vear, totalling ane million
deaths in two derat[es.\l{l\,\\orryiug about nuclear reactor accidents™?

( Edward Jacobsen)




C) ACID RAIN MONITORING

School networks for environmental monitoring sre already aclive in soine conntries
{e.g. USA,FRG). Preli. .ary study of acid rain in Hungary was perfornied by children in
the gramnar school of Saraspatak, observing short time changes in pH values. Onr main
goal is now the organization of an acid rain monitoring network for Hungarian secondary
schools by using simple measuring techmique. - The acidity of the rain ean be expressed in
plf units. Because of the atmospheric COyp the neutral point of the precipitation is pH=25.6.
The standard method of determining the pH is by glass cleetrode. This is, however, too
expensive and complicated for the school's everyday use, We lnwe founed thit the so-called
nen-bleeding indieator paper is suitable for acid raln test: it is cheap, easy to handle and
neecls anly small vohmie of colleeted rain water (5 cm®). We tested non-bleeding indicators
papers (graduated in 0.2-0.3 pH units) by comparing this coloriinetric method with glass
electrade measurements using standard buffer solutions, riin water, natural and distilled
witers. The time necessary to reach the equilibrivmn in the practically non-buffered rain
water was found to be about 5 to 15 hours, We also developed a computer program for
data haneling and visual demonstration of spatial and time distribution of the pH of the
rain water.  We carried ont a half years test series in Budapest with daily, wet-only
sanipling and Iinmediate pH measureinent resulting in the centre of the city in a mean
adnie pH=4.5. So far 40 Hungarian schools expressed their willingness to participate the
long period project.

(Ildiks Hobinka)

D) RADIOACTIVE FALLOUT AMONITORING

In June 1987 and Moy 1988 the Institute of Physics (London) finmneed two English
national snrveys of background alpha radivactivity. 170 schools in 1987 acted as pilot
samnpling, points to measure alpha activity and radon on the sarface if the seil. In 1988,
750 sehools participated in measuring radon and alpha activity at a depth of 50 cm below
the swrface of the soil. {see Camplin's nnd Henshaw's paper in this proceedings). The soil
detector was simply a piece of track-recorcding polymer derived from allyl digly col carbouale
{TASTRAK. connmercially C39), this was simply pushed into the soil. The radon detector
was made fiom a 15nim-15mm square picee of TASTRAK which was hokd flat in the
bottom of a yoghurt pot by a piece of Blu-tac; and the mouth of the yoghurt pot was
completely covered with a singe layer of clingfilm. The radon diffuses throngh this film.
The subsequent alpha decays prodice defects in the polymer. After two weeks of exposure
time., schonls returmed the exposed picees to Dristol University fur etch processing. and
then they were sent to Partway School for track analysis by microscope. The interim results
of the 1988 survey snggest that,at S0nim below the surface. the average alpha activity is
about 1000 Ba/kp and an average radon level of about 500 Bag/in?. This result does
biing to light that alpha activity is an important eentribution to backgromid radiation
leveis. Worksheets on these experiments were available for use at the workshop. The use
of TASTRAK in school is a good way in educating pupils abont radon and alpha radiation
in the enviconment. We hope that many teachers and pupils will be involved in these
measuremnent s over the cowming years.

{C.C. Camplin)
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E) RADON MONITORING

This Warkshop intradiced some possibilities of students’ activities in radon monitor-
ing. We focused our attention to short observations. Ero- v pedagogical point of view some
of the participants preferred to obtain immediate resalts - -chools instead of miomhs-long
observations. (Concerning radon monitoring by Trastrak see Workshop D.) - Studenls
of three Hungarian high schools (Jézsef Attila Grammar School. Budapest; Lehel Vezdr
Gammninr School, hiszherény; Loczy Lajos Grammar School, Balatonfiired) introdneed the
radon monitoring method by a simple Geiger counter. The participants collected the sam-
ple from the air (dust and small droplets) with the Lelp of a vacuumn eleaner by putting 6
layers of medical gauze to the end of the tube of the vacuum cleaner and operating it for
30 minntes. The students presented theeir results: how they found two reoms close to cach
other in their school with very different radon comtamination. (One of the room shows
only the descendents of #*2Rn while the ather room contains also the 2R both of the
rooms showing relatively high activity) The students reported their two long duration oli-
servations when they took samples every liour during a four days and an ciglt days period
regpectively. Correlation were discovered between the imeasured netivities and the weather
comclitions. But all the students agreed that they liave no datn enemgh. A conntry wide
School Network on Radon Maonitoring is launched in Hungary in 1989 to get more data.
Laszld Koreez (Eotvds University) introduced a very simple method to measnre the radan
in the air. He closed an cleetrometer {(widely used in schools) very well after an air samiple
was taken. Giving charge to the clectrometer one can ohserve the discharging versus time,
The slow discharging is ¢aused by the jon pairs produced by the decays of the Radon
family. Lennart Samuelsson (Linkoping University, Sweden)introduced the electrostatic
collection raethod (see the Appendix of the paper L. Samuclsson in this Proceeding). Tt
is very casy to handle! - As control we asked Gabor Szendré, the representative of the
Gamuna Data GmBh (Sweden) to introduce the elegaut sutomatic equipment {based on
ionization chamber) which collected radon itself during the Workshop in the room and
gave the activity of 1 m* air alnost innnediately. (It was 25 Bq/m?.)

(Esther Tdth)

F} TEACHING ALTERNATIVES FOR ENERGY

In spite of having a few interesting reports of encrgy-teachiug procedures andjfor
curricula and their evaluation, (sce the papers of Pricst- Ranckhorst, van der Walk, Castro)
thie discussion mainly followed a remark of the cliairman that some effort must be made to
clarify a few fundaniental ideas and their interrelations in the minds of the physics teachers
thenselves. The discussion made it crystal clear that this is an urgent need, which is a
pre-condition for the consistent and successful teaching of "energy” at school. Even the
excellent group of participant of our Workshop inight benefit of a well-prepared systematic
discussion of these issues.

{ Yehuda Shadmi)
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G) RISK PERCEPTION IN SCHOOLS
As a specific example of risk assessment, the participants discussed the risks of using
electric utensils, for example handling of a hand-drier in the bathroom. It was shown
that even in such cases awareness is important in conduct. (A. Pflug, Vienna.} - A
questionnaire, relaed to the radicactive pollution in Goiania,was discussed in details. It
was demonstrated that ignorance,lack of information and lack of education could cause
several accidents. (S. Barros, Rio do Janeiro.) - Television programmes often play down
the risk of working at nuclear power plants. (J. Solomon, Oxford, see also clsewhere in
this volume.} - The awareness of the risk involved by the utilization of atomic cnergy
is very weak even at science students. It was shown how the Physics Department at the
University of Extremadura in Spain tries to set this problem right. (F. Cuadros.)
{Imre Légrddi)

H) STUDENTS'S CONCEPTS AND CONCERNS
L. Lijnse (Utrecht) reported on rescarch concerning pupils' notions of radiaactivity
in the context of nuclear energy: after studying media reports of the Chernobyl accident
and after consulting radiation experts about the typical lay ideas he investigated the pupils’
concepts about Chemobyl. They conducted & series of interviews with 16 year old pupils
before and after having learned about radisactivity. One of the main conelusions is, that
lay reasoning about radioactivity is very persistent and widespread. Physics teaching has
to offer a more rational risk assessment. - Thete was a colorful report, illustrated by a
mumber of slides, given by J. Fitzgibbons (USA), cheirman of the Workshop. The topic
was " The New York State Student Encrgy Comnpetition™. This armual event for secondary
students is designed to arouse their interest in the energy problems of the state, to let
them develop innovative solutions to these problemns, to spark students interest in energy
development. It was not left without mentioning that most of the winners attended selected
schools such as the Bronx High Schoul of Science. — Ana Csillag (Toronto) talked ahout
teaching the topics of this conference in Toronto. In the break we saw & very extensive
“private” exhibition of physics books brought by Ana Csillag. - After the break there was
a discussion related to teaching about values which addressed the following questions: the
controversial risk-related jssues in the physics curficuluin; the teacher's responsibility for
enabling the students to make decisions; the conneetion between physies and sociology.
(Dorothy Sebestyén)

Q

RIC




Q

ERIC

e .

J) THERMODYNAMIC LIMIT ON ENERGY SAVING
Since more than 10 years, at the University of Karlsruhe a physics course for Juniour
High School is under development. The projec* 3« now in its final phase. The course is ac-
tually being tested by 28 teachers with more than . pupils. In this course the extensive
or "substance-like” quantitics like energy E, momentum p,electric charge @, entropy S and
amount of substance n, as well as the cotresponding currents play a domninant role. We take
profit of the fact, that a far-reaching analogy between various physical domnains can be es-
tablished on the basis of these quantities. This analogy shows itself, amongst other things,
in the equations, which relate the energy cutrent with the currents of the other substance-
like quantities. - We niake some very short remarks about the therniodynamics part of the
course. Considering the above-mentioned analogy one can state that: Thermodynamics
without entropy and without eniropy currents is like eleciricity without cleetric charge and
without electric currents or like mechanics witheut momentum and withou! force. Thus
we operate with entropy from the very beginning of thermodynamics. We use none of the
Legendre transforms H(S,p,n), F(T,p,n) of the energy E£(S, ¥,n) since they don’t obey a
continuity equation and it is thus very difficult to form an intuitive idea about them. The
popularity of these quantities is due to the traditional pliobia against entropy. - It can be
stated that the correspondence between the ¢olloquial meaning of "heat™ and the physical
quantity entropy is much better than between the colloquial "heat” and the process quan-
tity heat of the physicist. One can say that the correspondence between the every-day
concept of heat and the quantity of entropy is almost perfect. There are very few other
cxamnples of such a perfect relationship between a concept of every-day life and physical
stience. It follows that entropy ean be taught in a way that is appears as one of the simplest
physical quantities, much simpler, for instance, than the other extensive quantities energy
and clectric charge. — We formulate the second principle of thenmodynamics as follows:
Eniropy can be produced but not destrayed. In the course of our thermadynamics teaching
we introduce four types of a generalized friction or resistance: mechanical friction; electric
resistance; chemical resistance (a chemical reaction runs against a reaction resistance);
thermal resistance (entropy flows through a tliermal resistance). In either of these cases
entropy is produced. Every process with entropy production can, in principle, be replaced
with a process without entropy production and which is ns useful for us as the entropy
producing protess. We thus formulate: Aveid entropy producticn.— All the energy which is
cousumed for sorne hunian purposes is finally used to produce ¢ _tropy according to energy
consumed = femperature z enlropy produced. Thus, our most important, inexhaustible
energy source is avoiding entropy production. In more common, but somewhat pejorative
terms, this is called energy saving.- The comments of Hanna Goldring (about the efficiency
of heat engine compared c.g. to hydroelectric turbine) and Maria-Luisa Viglietta (about
Carnot efficiency) compleniented the program,
(Friedrick Herrmann)
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K} SOLAR POWER ANL WIND
Oved Kedem (Israel) presented a demonstrated lecture about his country’s solar pond
project. The solar pond is a salty lake with higher salt concentration at the bottom. The
concentration-gradient prevents convection. The bottom layer heated by the solar radiation
become nuich hotter than the top ones. (This phenomenon was discovered by Alexander
vou Kalecsinszky at the Medve Lake in Szovata, Hungary in 1901.) The temperature-
difference can be used for electricity generation. Clearly, the system is able not only
collect the soler energy but to store it as well. The overall efficiency is about 1%. The effect
can be demonstrated in school. In an open-—air experiment we found a few centigrade
temperature-difference. - Atso Vironseppa (Finland) spoke about his country's electric
windmill project. Windmills seem to be a good solution for electricity—need of small
wlands.
(Géza Meszéna)

L) NUCLEAR SPECTROSCOPY FOR SCHOOLS
This workshop dealt with the present status of the nuclear experimentation. The 22
participants agreed that this is the field where major differences occur between developed
and developing countries. C. Davisson (USA) showed a really simple demonstration of
therinoluininescence. Salt crystals previously irradiated with a very large dose were thrown
on a hot plate. The luminescence could be ¢learly seen in a dimmed room. The problem
with this experiment is to get the crystals irradiated. This needs cooperation of medical or
nuclear institutions. - J. Turlo (PL} has shown a simple interface and a progran for a small
Sinclair ZX Spectrum. which enabled to count the pulses of a Geiger-Miiller counter, and
to perform statistical tests on the collected data. This is so simple that it can be fabricated
by the teachers theinselves. - In the last years the prices of computers have decreased more
and tnore schools are equipped with computers even in the developing countries. It seerned
to us. that the IBM-PC/XT/AT has become a standard, so most of the experiments sbould
. be interfaced to that machine. Although the IBM-PC itself is not conceived for interfacing
experiments, and therefore several problems may occur, there are enough extension cards
on the market to overconie this problem. The participants agreed, that beside the simple
counting task also gamma-ray energy analysis would be desirable, what would enable the
determination of the radioactive isotope occurring in the environment. This task needs
however more complicated equipment and probably it cannot bc done by home-made
devices. Gdbor Szendrd (GAMMADAT, Sweden) introduced an equipment consisting a
Nal('T1) scintillation erystal with high voltage power supply, an ADC converter, an interface
card to fit in the IBM-PC/XT/AT and an appropriate software, which could take gamma
spectra, and to monitor radon as well. - Prof. Shitnizu uscd semiconductor photodiode
instead of photomultiplicr. This method has the advantage that the photodiode does not
need high voltage and therefore it is more safe, it is easier to handle. Unfortunatcly the big
photodiodes {at least 1 cm x I emn) needed for this purpose arc quite expensive~Because
of the limited tine the workshop could choose only some choice from the large menu of the
possible nuclear experiments in schools. Many other important methods and idcas (solid
state nuclear track detcctors, films, demonstrations, simulations) were treated at other
workshops,

(Cseba Sikosd)
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M) FUTURE VOLTAGE

This workshop was centered aronnd one computer software developed by Bert de
Vrics (University of Groningen, Holland). Tl -wirpose of the software is to provide an
experimental tool for the user to chieck some idea it the energy supply in a certain
country for the future. One of the biggest questions we are facing with nowadays is to tell
what kind of a power plant to built in order to provide enough energy for the future, but
spendl as little money as possible. We also should think of pollution and risk: the best
choice would be a plant with no pollution at all and with very low accident risk. The above
mentioned parameters can be specified for different kindsof power plants in the computer
code. It is possible to enter the set of existing plants for a specific country along with some
general variables deseribing the current economical and industrial situation in the given
country. The program will calculate the energy demand for the future while the user can
mnake decisions about building new power plants. The program countinously calculates the
avnilable energy along with pollution and the risk of an accident. The aim is obvicus: the
user should provide enough energy for the future on the lowest possible price while keeping
the pollution and risk very low. - The software comes with a detailed inanual. so that it
is relatively casy to learn how to control the program. Befuio running the game the user
should set up the necessary data file for his country. With some experience (and available
data) it can be done quickly.

(Zsolt Frei)

N) COMPUTER SIMULATIONS OF POWER AND RISK

The ain of this workshop was to present some computer codes related to the topics
of the conference. - Grorge Marx, Hungary, presented several softwares contained by a
single diskette which are useful in education. The codes are simulating some basic effects of
nuclear physics such as slowing down fast neutrons, controling neutron flux with absarbent
rods, etc. There is an interesting program to simulate the greenhouse effect. After the
input of fossile fucl consumption and population growth trends ane can have a glimps of
increasing temperature and rising see level with increasing carbon-dioxide concentration.
Other programs are highly demonstrative as well. - Sandor El5.(Hungary) gave us a nice
overview of a sophisticated computer software which sitnulates a reactor core of a real
nuclear power plant. This code was developed at the Technical University of Budapest
and used by utility companies. The software expects an experienced user with reactar
physics background, so that it is not for in class use.~ Zsolt Frei (Hungary} presented
a simnpler nuclear power plant sinulator for IBM-PC which can be used for educational
purposes but very much simpler than the previous one. - We enjoyed the simulation of
raddioactive decay (P. Thomsen, Copenhagen) and the elaborated Solar Power Station
cude (A. Manabe, Japan).

(Zsolt Frei)




0} THE RISKS OF THE GAME OF SEX
Participants of this workshop played the game which indicates the different mativa-
tions and risks of girls and boys in scx. POMP AND CIRCUMSTANCE is an educational
game. It has two major purposes: lo provide information about the costs,discuss and
think about their own contraceptive choices. Why a game? The traditional methods of
sex education such as classroom lectures and reading assignments, have made little impact
on rising tecnage pregnancy rates. The gaming approach lLas several promising character-
istics; most importantly it involves the player directly in the learning process. That is,
the player is an active participant who makes deeision in a simulation of the real-world
context. MAlost teenagers are understandably reluctant to discuss their own sexual and
contraceptive behavior within a teaching environment. For many, sexual matters are awk-
ward topics. In the game, all rules, events and decisions arc sitnulations, they are modelled
fromn the real world. However, they are presented in an abstract form, so that playera are
not aware of the subject matter while negotiating and making decisions. Thus, tney are
free to develop gaming strategies without worrying about how they "should” behave or
how their behaviour will be pereeived by others. - The participating "couples” came from
several eountries aud they were of different ages. They enjoyed very much the first part of
the game, in which they tried to agree with each other in decisions. When the game was
over, the parallels between the elements in the game and the “real world” were revealed
and strategies of play and decisions made are diseussed. The presence of the prominent
human genctists, of Dr.  Andrew Czeizel (Budapest) and Dr. Jane Evans (Winnipeg,
Canadaj, who tumned to become “professional sexologists™, wete very helpful in drawing
the conclusion. Players could review which game strategies were most successful, they
compared the rules of the game with the pressures,opportunities and consequences in the
“real world. It was very interesting, we founded al the "girl-players” a lot of "red-chips®
(representing love and remance), at the "hoy-players® a lot of "vellow-ships™ {representing

sexual gratification ).

(Kate Papp)

P) VISITING THE LOCAL GRAMMAR SCHOOL

38 visilors from 18 countrics met the director, teachers and pupils of the Léczy Lajos
Grammar School i the physics lecture-room. After the director’s brief information on the
history and character of tlie sclwool, the guests were mostly interested in the number of
lessons, in the text-books and curriculum. They had 2 look at the experimental instru-
mernls. — The guests asked the students - amang others - about the time spent in learning
languages and physics. (The students present could speak English, German or Russian. )
The following conclusions can be drawn:

1. Too many lessons a week - especially when studying in special language classes.

2. Thie teachers’s weckly load lours to be too higl.

3. The subject-matter of the 4th form physics text-book too difficult. especially for
pupils who want to specialize in fareign languages,

4. Too many pupils in one class {35-40).

5. Too little free time left for the pupils after the lessons and learning.

G. Not cnough instruments: those available not up-to-date in eertain fields.

(George Vastagh)
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