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ABSTRACT
An attempt is made to draw a preliminary conclusion on the effectiveness of

early-school education on radioactivity, based on two cases of student responses. The
first is the returns of questionaires circulated at two colleges, which were typical of
an engineering college and a liberal-arts college, respectively.

The second is the reactions of liberal arts students to observed, unexpected
levels of radiation in their environment. Their reaction was dominated by their
preoccupation on radiation, rather than by the quantitative data they themselves
collected on the spot. Thus classes in early schooldays are considered to play a vital
role in cultivating proper judgement they are to rely on as general citizens.

1. INTRODUCTION
In the present Japanese curricula at the elementary and junior-high schools, the

topic of radioactivity appears to be covered only in connection with hisotrical incidents
of casualties, the typical of which are the Hiroshima and Nagasaki casualties, and the
Chernobyl accidents. Thus at the level of compulsory education, attempts are barely
made to introduce this topic in the context of science teaching . In an attempt to correct
such insufficiency, and to provide the next generation with properly balanced
knowledge, there have been many attempts at the university level of this country,
typically at engineering colleges, but much less at liberal arts colleges.

The present observation was made in one of such minority attempt. From the
outcome of the present observation, the importance of early-school education is
strongly felt in bringing up general citizens with proper knowledge and sense of
judgement in this subject. The attempt is still preliminary, and needs further data
collection.

2. METHODOLOGY AND DISCUSSIONS ON THE OUTCOME
(1) Returns of class-room questionaires on radioactivity and nuclear power

In the fall of 1996, a questionaire on radioactivity and nuclear power was
circulated at classrooms in Colleges A and B. At College A which is an engineering
college, a group of 28 students within the electrical engineering department filled it
out, the 26 of which were male students. In College B which is a liberal arts college,
a group of 171 students within a class of contemporary social topics filled it out, the
154 of which were female.

In response to the seven statements (Ql - Q7 ) listed in Table 1, the students
were requested to make a proper choice out of true and false markings for each. The
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correct choices (answers) are indicated in Table 1 in parentheses. The Ql through Q4
are the questions related to radioactivity, while Q5 through Q7 are energy-related:

TABLE 1: Questions in the Questionaire

Questions on radiation:
Ql : Without any artificial radioactive materials, no radioactivity would exist in

natural environment (False).
Q2: The radiation dose received annually at the boundary of a nuclear power

plant is less than the dose received inside an aircraft during one round-trip
flight from Tokyo to New York (True).

Q3: Hereditary abnormalities have appeared with a higher percentage among
the progenies of those who received the A-bomb radiation at the city of
Hiroshima than among the progenies of the average population in this
country (False).

Q4: During the soidum leakage accident of MONJU ( A Japanese fast breeder
reactor) in December of 1995, radioactive material leaked out of the
secondary cooling system together with sodium (False).

Questions on energy and nuclear power:
Q5: In the light water reactors which are currently operating at Japanese

nuclear power plants in general, plutonium fissions is contributing to
electricity generation, in addition to the uranium contribution(True).

Q6: To prevent converted use of nuclear fuel to weapons, the International
Atomic Energy Agency (IAEA) periodically inspect all the Japanese
nuclear power plants (True).

Q7: Less than 50% of the energy consumed in Japan is supplied by energy
sources imported from overseas(False).

Note: To briefly comment on the questions that are specifically Japanese: In Q2,
the annual dose received at the boundary of nuclear plants in this country is
less than the regulation value of 0.05 mSv per year, while the dose received
during a round-trip flight between New York and Tokyo is estimated to be
above 0.06 mSv at least (Refs. 1, 2 and 3). In Q4, the secondary cooling loop
sodium is independent from the primary loop sodium which is radioactive. In
Q7, Japan relies on imported energy sources for more than 80 percent of her
energy consumpiton.

TABLE 2: TheReturns of the Questionaires (Percentages of Correct Choices)

The Response to the Questions on radiation:
Questions Class in College A Class in College B The Case of Contrast

Ql 96.4 93.6
Q2 89.3 38.1 O
Q3 42.9 19.9 O
Q4 57.1 21.1 O

(TABLE 2 continues to Page 3)
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TABLE 2(Continued):

The Response to the Questions on Energy and Nuclear Power
Q5 71.4 80.1
Q6 81.5 87.0
Q7 96.4 84.3

The returns of questionaires are summarized by the percentage of correct choices
in Talbe 2. It is found that the existence of natural radioactivity is known fairly well in
both classes. We see in addition that the two classes responded differently to the
questions on radioactivity, while similarly to the ones on nuclear power. The
significantly different responses found in Q2, Q3, and Q4 in particular may be
attributed to three tfactors: (a) the discipline received in College A on engineering in
general, or (b) the lecutre possibly received by a portion of the class in College A on
radioactivity specifically, or (c) the different gender composition of the two classes.

Unfortunately the effect of the factor (c) cannot be isolated in the present
insufficient data collection scheme, and is not to be discussed here. The effect of the
factor (a) may be that discipline in engineering has had an effect of training in
quantitative thinking, although the training itself is not directly related to radioactivity.
In any case it is reassuring on one hand that students who are to become professionals
in engineering have correct knowledge or judgement in this technical field. On the
other hand, the situation in College B gives us a serious task.

Soon as the graduates from this college, the students will join the mass of general
citizen in this country without detailed knowledge, who will influence social decision-
making in near future. The graduates from liberal arts colleges in this country are said
to be majority in number over those from engineering or science colleges. It is very
important therefore to nurture the next generation with correct sense of general
judgement in radioactivity, even without professional discipline in engineering or
radioactivity. In this regard, the following observation gives us a hint for the direction
of our effort required.

(2) Students' Reaction to the Dose Rate Found in Their Environment
In the past three years (1996-1998) at College B, with which the present author is

affiliated, attempts have been made to let the students monitor ambient radiation in
their environment with portable survey meters. Two to three hundred portable monitors
were rented from Institute of Radiation Measurements (Houshasen Keisoku Kyoukai),
Tokai-mura, Ibarakiken, and allocated to classes in the following scheme(TABLE 3):

TABLE 3: Allocation Scheme of Survey Meters in the Class
110 monitors allocated among a class of 260 students in 1996, lent for a week,
230 among a class of 460 in 1997, for two weeks,
380 among a class of 380 in 1998, for two weeks.

The choice of locations for measurements was left up to students. Requested in
the report which they are to turn in are the reason for the specific choice of locations,
students' prediction of the radiation level at the locations they chose, and the agreement
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or discrepancies found, and the reason for discrepancy if found. The examples of
typical measuring spots are: locations in campus, vairous spots they go through on
their commute, their part-time job offices, spots in downtown, and thier residences. In
their residences, most of the students try to measure specifically the dose at the room
they daily spend their time most, namely their study or their living room.

On the average, the dose rate values in the Nagoya downtown varies from 40 to 80
nSv/h, in the campus from 20 to 70, and in their residence from 40 to 80. Thus in many
cases the students find dose rates in their residence higher than those in downtown and
subway. The reaction in such a case is interesting, and worth careful scrutiny .

In most cases they can manage to overcome the surprise they feel in their first
encounter with natural radiation, by convincing themselves by reading the lecture
materials. But higher dose rate in their own study room than in downtown is harder for
them to accept. They have already been told that the natural dose rate varies from
prefecture to prefecture in this country, and that there have been no difference observed
in the probability of cancer appearance among those prefectures. The difference in the
dose rates between the highest and the lowest values over the country, which has been
reported by literature(Ref.3), is of the order of 40 nSv/h, and so any dose rate
difference smaller than 40 nSv/h need not to be worried about.

They confess, however, " I am scared," or they assert, "We should not overlook
this reality. We need some measure to improve this situation." It appears that they are
looking at such background (natural) radiation with the kind of feeling which they have
toward chemical contamination with toxic materials. Rather than trying to make any
judgement by comparing the measured value quantitatively with data that have been
supplied in the lecture, they react with anxiety they had had a priori. It is not a logical
judgement, but is reflexive reaction.

It is exactly this kind of reaction which often dominates the attitude of public
when they encounter articles on radioactivity in press. It is infered that such attitude
has long been formed by contacts in the past with sensational headline articles in press,
which only emphasize the hazard of radioactivity, without quoting any specific dose
values.

3. CONCLUSION
The reaction the students showed toward the unexpected level of radiation is

regarded as exactly the kind of mentality that currently prevents logical reasoning and
discussions on radiation utilization for the future in a broard aspecct. It should have a
close connection with the fact that radiation is invisible, and that they have never
verified or felt the existence of radiation with their five senses. If such lack of
verification experience on radiation is the major reason for such mentality, laboratory
classes in elementary or high-schools, where students themselves participate, will be
the key to the solution. The reasoning in lectures alone would not solve this problem.

It is suspected that the current educational systems are sending out young
generation to the society with the mentioned mentality, who would become press
reporters soon, and who would contribute to illogical articles. In order to cultivate
proper reflexive judgement in general citizen, and to erase their illogical preoccupation
on radiation, radioactivity education in early school days is considered absolutely
necessary. The education in university level would help only in the professional
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domain. In this sense, the author would like to send his sincere message of support to
high schools or elementary school teachers.
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