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A CALL FOR NEW SCIENCE 
EDUCATION 

In the early 80’s newly risen problems of teaching 
science in high schools pointed out that there was a need 
to reform the methods of science education in Hungary. 
Then new schoolbooks and a new science curriculum 
were created; new teaching methods began to form. One 
of the new chapters was nuclear physics. 

In the new book nuclear physics is based on the 
binding energies of the nuclei – more precisely: on the 
changes of energy of the nuclei. In the text book nuclear 
physics consists of three main parts: 

1. Experimental discovery of the nuclei and the 
neutron (Rutherford’s, Chadwick’s and other 
experiments, shown by computer simulation) 

2. Droplet model for heavy nuclei (mapping the 
energy valley in the plot of energy per nucleon 
versus the number of neutrons and the number of 
protons) 

3. Applications of the droplet model (radioactivity 
as the “cooling” of the nuclei, fission, fusion; 
natural and artificial radiation, health effects, 
reactors, power plants, bombs, etc.) 

In Hungary this book has been used in the last year of 
the high schools. It means that about one quarter of the 
population could learn about nuclear physics. There are 
problems, though. A good percentage of the elder high 
school teachers missed the chapter of nuclear physics in 
their education. Besides, it has turned out that nuclear 
physics in the last year of the high school was too late, the 
students arrive with many ugly misconcepts about 
radioactivity learnt from newspapers and television. This is 
why the newest curriculum brings this topic earlier: to the 
age of less than 16 and for the whole population and this is 
why we have to find and use every means to spread nuclear 
literacy. 

SIMULATION AND EXPERIMENT 

Nuclei do not age: their decays occur as randomly as 
traffic accidents do. Let us ask the students of a whole 
class to stand up and throw a coin every time the teacher 
claps. Those whose coins fall with the value facing 
upwards have to sit down. If we count the students 
standing after each clap, we can simulate the randomness 
of radioactive decays, in order to introduce the idea of 
half-life. However, it is but one of the several simple 
experiments we can show to young children. 

Computers offer many other possibilities for 
simulations, and not only for that of half-life but also for 
that of Rutherford’s or Chadwick’s experiments; for the 
nuclear chain reactions, reactor or power plant 
simulations. These simulations can help to understand the 
invisible phenomena, and can substitute the experiments 
with a need for expensive equipment. 

But understanding something in a deep way means 
not only being able to follow the logical steps of a proof 
leading to a conclusion. If you introduce everything via 
computers then the students will forget about the real 
world. In that case nuclear physics may become a “virtual 
reality” (where for instance everybody has at least three 
lives). In science one can understand something only if 
one has his/her own experiences. The teacher needs to 
offer experiments (not only computer simulations or 
video) for the students in the classroom. 

Showing radioactivity to the pupils, however, is not an 
easy task: radioactive sources are expensive and from an 
educational point of view it is also very important to show 
the students that radioactivity is a natural phenomenon. It is 
not a consequence of modern technological advances. That 
is where radon becomes important. Radon is present 
everywhere, its presence in homes or classrooms is natural, 
and it is easy to detect it due to its β and γ decaying 
daughter elements. There are various ways of proving this 
fact. Putting about six layers of ordinary medical gauze at 
the end of the tube of a vacuum cleaner, one can collect tiny 
dust particles and small water droplets from the air. If there 
are any radioactive ions in the air, they surely will stick to 
the dust and therefore will provide an easy target to detect 
by a single GM-counter. This way, one can not only show 
out radioactivity of air in the school but can also give a brief 
summary of how the instrument works. An even simpler – 
and cheaper – way to collect radioactive ions is by using a 
common balloon. Before blowing up the balloon, count the 
clicks per minute by a Geiger counter; this will be the 
background radiation. After blowing the balloon, rub it with 
hair or wool to charge it negatively, and hang it not too far 
from the floor. (For better result use the ground level of the 
house.) About half an hour later let the balloon go flat, and 
measure again on the original sized surface. (The surface 
was much larger when it collected the ions; the activity 
concentration is going to be higher.) 

REAL RESEARCHES 

The role of real researches in science education is 
essential. If a teacher never felt the taste of scientific 



 

 

research at least on a small scale, he/she would not be able 
to educate a scientific way of thinking. In these researches 
the students themselves would be able to carry out 
experiments, to do fieldwork and – last but not least – to 
improve their communication skills. This way learning 
nuclear physics would be much more varied and exciting. 
Besides, the work would involve almost all fields of 
science taught in high schools. Radon again offers a good 
chance to solve this problem, because teachers and pupils 
can work together in finding high radon levels. In 
Hungary there was a catch again. 

In Hungary all the researchers had thought there had 
been no radon in homes at an unhealthy level because of 
the geology of the country. Later, they turned out to be 
wrong. 

In 1992 elevated radon levels were found in a North-
East-Hungarian village. It turned out that it was the special 
geology of Mátraderecske that had caused these indoor 
radon levels being high. The history of the RAD Lauder 
Lab started that year. The people of the village did not 
understand why the solemn white-collar researchers were 
entering their homes murmuring incomprehensible words. 
The local people kept questioning them whether they were 
in danger or not, but it was in vain: there was no answer. 
Then did Esther Toth (leader of RAD Lauder Lab) and the 
students of Lauder School arrive. The students played 
together with the local students to make them experienced 
with Geiger-counters; they talked about radioactivity and its 
health effects. Elementary school pupils became literate in 
radiation protection. They asked their parents if they could 
bring detectors (CR-39) to their homes to know how high 
the radon level was in their bedrooms. 

Mátraderecske has proved to be a great training 
workshop for the Laboratory as well. We gained useful 
information for a wide survey. 

A SCHOOL NETWORK OF RADON 
SURVEY 

After the first two years of these demonstration 
lessons in Mátraderecske we have invited any other 
villages to take part in the radon survey. To get started 
with any of these, we needed to conduct short 
presentations and demonstration lessons in these villages 
as well – as we had learnt in Mátraderecske. Afterwards, 
the children in the local schools took the detectors, just 
like before. When the results came, together again with 
the local pupils we gave the results to the house owners. 
The pupils had to explain what (e. g.) 500 Bq/m3 meant, 
they had to speak about the meaning of yearly average 
radon levels, and about the possible health effects. This 
work would have been impossible without the lesson of 
Mátraderecske: 

1. Making measurements at home (not only in the 
physics lab) is a huge attraction for pupils. 

2. It has become natural for pupils that one can find 
radioactivity everywhere, even in their 
bedrooms. 

3. It is very important to let the house owners know 
the results in their home, with explanation at a 
level they can follow. 

4. The students were excited to learn as much as 
possible about these topics because they wanted 
to be well informed in front of their parents and 
relatives. 

5. The pupils had to learn also how to communicate 
with people at different literacy levels and 
different attitudes towards radioactivity. 

6. We also learnt how to reduce the radon level, 
when it is high enough to cause health damage. 
In the homes where the radon level was higher 
than 800 Bq/m3 we found out cheap and effective 
mitigation-methods after having consulted with 
the owners. 

The children co-operating with our lab were able to 
grasp the most basic elements of nuclear literacy. The 
importance of this fact is that in the last six years the RAD 
Lauder Laboratory has measured more than 16,000 homes 
with more than 70,000 track-detectors. That means also 
that about 16,000 Hungarian pupils worked, and learnt 
together with our lab, and gained direct experience on 
natural radioactivity together with their parents. (The total 
population of the country is not more than 10 million 
people, so 16,000 is quite a great number.) 

RESULTS: A RADON MAP 

From the data set mentioned above some 11,500 
single-story houses were in villages or suburbs, where 
higher radon levels are expected. The number of 
settlements involved was 121, from which 85 settlements’ 
population was less than 5,000 people. The total 
population of these villages is about 3 million people 
(almost one third of our whole country). 

During the whole survey, 109 houses were found with 
radon activity-concentrations higher than 600 Bq/m3. As 
the sorting of the data revealed, these homes are mainly in 
the mountains of Hungary and are single-story village 
houses without exception. The geology of the country may 
indeed have a great role in this distribution. But there are 
a lot of different variables that have a significant effect on 
the radon levels of a house or a village. That is the point 
where all the scientific subjects become involved. When a 
village school gets the results of the radon levels of 
homes, the teacher and the pupils try to explain 
themselves the differences. Why is there a higher radon 
level in one room than in the neighbouring room? Why 
was the result larger in autumn than in spring? And so on, 
there are many more questions and problems in the topic. 

And it is good to realise that these are not merely 
childish questions, it is not childish work. The Lab takes 
part at the International Intercomparison of Radon 
Measurement organised by the National Radiation 
protection Board, England. Last time our detector set 
gained the eleventh place giving us an “A” level rating. 
The teachers and students themselves can carry out the 



 

 

research, for them, the unknown is real challenge. The 
great size and the precision of our data set render it 
possible to use it in real interdisciplinary researches. The 
changing of radon activity concentration can be compared 
among others to geological or meteorological changes, 
and the radiation-dependence of cancer risk can be 
analysed in the low dose radiation. 

We collected the cancer cases with the help of the 
local doctors, and identified the bedrooms of the patients 
15-20 years before the cancer turned up. In the case of 
women (younger than60 years, no smokers) we can state 
with a probability not less than 98% that between 100 
Bq/m3 and 170 Bq/m3 the cancer incidence is less than at 
lower or at higher radon activity-concentrations. It means 
that a few times higher radioactivity from indoor radon 
than the average would result lower cancer risk! This 
result was published in the medical journal Pathology 

Oncology Research, London. Nor did the editors say it 
was a childish work. 

As we saw, it really is an aim of RAD Lauder 
Laboratory to find the houses with high radon level and 
help the dwellers reduce the radon activity-concentrations 
of their homes to a healthy level. Even this aim can we 
achieve only by spreading nuclear literacy. That is what 
can help people make their own right decisions in this 
topic as well. 

But the most important aim we must never forget: 
only if all children can learn about radioactivity like about 
air-pressure or temperature, only if all children can 
understand and not fear radioactivity can we claim 
success. 

Of this goal will the words of Edward Teller always 
remind us: 

“People fear only the unknown.” 
 


