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This article presents the results of a trend study investigating what students associate with
the term radiation and what ideas they have about this topic. The first part of the
interview study was conducted in June 2010 and its results were reported in a previously
published article (Neumann & Hopf, 2012). Two years later (June 2012, 15 months after
the Fukushima accident), the study was replicated under similar preconditions in order to
get an impression about a possible shift in the changes of students’ ideas. One result of
our comparison study was that, compared to the students interviewed in 2010, a
significantly higher percentage of students exclusively associated nuclear radiation with the
term radiation and their emotions towards the topic were more negative.
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INTRODUCTION

In science education, the enormous impact of
students’ own ideas on their learning has been
recognized for a long time (Wandersee, Mintzes, &
Novak, 1994). A large number of research studies have
found students’ conceptions in many fields of science
education that potentially influence students’ learning.
Also, theoretical models of the structure of these
conceptions as well as strategies for conceptual change
have been and continue to be published (Treagust &
Duit, 2008).

Students are often confronted with the term
radiation in their everyday lives. A lot of parents, for
instance, are concerned about the potential harm of
radiation emitted by mobile phones. Most apartments in
the industrialized world are equipped with Wil
Remote controls and modern video games use infrared
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radiation to transmit information. Also, the use of
nuclear radiation in medicine and technology has often
been discussed in the media. A profound understanding
of different aspects of radiation, thus, seems to be
essential for all citizens. This is why we were interested
in examining the students’ conceptual understanding
regarding this topic.

Students’ conceptions about radiation in general

Studies about students’ conceptions about radiation
are, compared to research in other fields of science
education, rather rare. Most of these studies focus on
nuclear radiation. Only very few studies can be found
that investigate students’ conceptions about the topic
radiation in general.

Florbela Rego and Luis Peralta (2006) used
questionnaires to find out what students knew about
this topic. In the questionnaire, which was administered
to 1246 students, the researchers included general
questions about radiation (e.g., “Do all types of radiation
produce the same effect in the human body?”) and also asked
the students whether or not they had already heard of
different kinds of radiation. In the second part of the
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State of the literature

e Research studies about students’ ideas in various
fields of science (mechanics, electricity, optics ...)
have contributed and continue to contribute a
plethora of findings to science education research.

e Studies about students’ conceptions about the
topic radiation (nuclear radiation and radiation in
general), however, are very rare.

e Only few studies, evidently, have been able to
investigate pre/post-effects of nuclear accidents
on risk perceptions or on students’ conceptions
about radiation.

Contribution of this paper to the literature

e This article presents the results of a trend study
about students’ ideas in the field of radiation
which compares two parts of an interview study
that were conducted before and after the
Fukushima accident, respectively.

e The results show that, in the second part of the
study, significantly more students associated
nuclear radiation with the term radiation and also
their emotions regarding this term tended to be
more negative.

e The article also includes suggestions for teaching
the topic radiation in the science classroom so that
conceptual change might be fostered.

questionnaires, the students were asked to state whether
or not they thought that certain statements about
radiation were correct. These statements included
sentences such as: “Nowadays people are continuously
exposed to several types of radiation” or “In some jobs
and spotts, people are more exposed to radiation”. The
results revealed that although 87.2% of students in
grades 7 to 9 had heard of radiation, very few students
were familiar with the term ionizing radiation. Even at
university level, this figure turned out to be as low as
27.3%. Also, a minority of the students were able to
identify what was meant by the term visible radiation.
The second part of the questionnaire demonstrated that,
although most students know that radiation has medical
applications, they do not know about the differences
between various kinds of radiation.

Since so little research could be found about
students’ conceptions about radiation in general, our
workgroup decided to perform an explorative study
(Neumann & Hopf, 2012; Neumann & Hopf, 2013)
that investigated children’s associations with the term
radiation at a rather young age (9 to 12 years old). All in
all, 1026 students were asked to draw whatever images
they associate with this word. Using a self-created and
peer-evaluated category system, it turned out that the
chosen motifs depended strongly on the age of the
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children. The vast majority of younger children drew
sources of visible radiation (the Sun, flash lights),
possibly influenced by the close connection of the
German word Strahlung (meaning radiation) and the
Sun. Older children in our study tended to include
sources of invisible radiation such as mobile phones and
nuclear power plants. Short interviews with a sub-set of
the students contributed to a larger more detailed
picture about general associations with the term
radiation and the impression that the picture changes
from ‘warm and pleasant’ to ‘dangerous and artificial’
was confirmed by the interview results.

Based on these findings, our workgroup carried out
an interview study (Neumann & Hopf, 2012) in which
we investigated the previous knowledge and
conceptions of 9th graders, an age level that
corresponds to the end of compulsory education in out
country. We included questions about their first
associations with the term radiation and about
corresponding emotions. The students were also asked
to state whether or not they had heard about different
kinds of radiation and what they knew about those
types. Also, the concept of thermal radiation (“All
bodies emit radiation”) was tested. One phase of the
interview was dedicated to the students speaking freely
about their conceptions. This phase was initiated with
cards showing different objects from everyday life, such
as plants, animals or computers. The students were
asked to rate which of these objects they would link to
the term radiation and to explain in detail why (or why
not). The main results of this study include the fact that
the students’ associations and emotions regarding the
term radiation have very little to do with the scientific
definition of the term. A lot of students were of the
opinion that radiation is, at any rate, dangerous for the
human body and that human beings should try to avoid
exposure to radiation by all means. Also, many students
thought that radiation is something artificial. The
concept that light and heat are also types of radiation
that are indubitably conducive to human life, was hardly
known to any of the students interviewed. This
interview study founded the base for a trend study on
which we would like to report in this article.

Students’ conceptions about specific kinds of
radiation

The numbers of studies that have investigated
students’ conceptions about different kinds of radiation
greatly vary, depending on the type of radiation. One of
the most explored areas is students’ ideas regarding light
and optics (cf. Guesne, 1985; Jung, 1987; Smith, 1987;
Watts, 1985). As these studies typically focus on
students’ conceptions about optics (shadows, mirrors,
images, ...) and do not investigate conceptions about
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light as a form of radiation, we will omit the results of
these studies in this paper.

Research results about students’ ideas regarding UV
and IR radiation are very scarce. One of the few studies
was carried out by Libarkin et al. (2011) who examined
283 students in grades 6 to 12, using questionnaires, in-
depth interviews and a panel discussion. One of their
results was that students confused ultraviolet radiation
with visible light, stating, for instance, that in the
presence of UV one can see objects. With IR radiation,
the researchers encountered problems investigating the
corresponding students’ conceptions because only very
few students were familiar with this term. In our
interview study (Neumann & Hopf, 2012), we also
included questions about UV and IR and found out that
the students’ conceptions about these types of radiation
were dependent on the context in which students would
place these types of radiation. UV, for instance, was
sometimes rated as blue and harmless. This was mainly
the case for students who associated UV with disco
lights or dentist treatments. Infrared radiation was
overwhelmingly linked to the wireless data transfer on
mobile phones and thus perceived as invisible and
harmless.

More interest has been drawn to students’
conceptions about nuclear radiation. Especially in the
aftermath of after the reactor accident in Chernobyl,
some studies investigating students’ ideas about nuclear
radiation were conducted. Harrie Eijkelhof published
the results of several studies in his doctoral thesis
(Eijkelhof, 1990) and together with other researchers,
such as Robert Millar, Piet Lijnse and Cees Klaassen, in
several articles (e.g. Eijkelhof, Klaassen, Lijnse, &
Scholte, 1990; Lijnse, Eijkelhof, Klaassen, & Scholte,
1990; Millar, Klaassen, & Eijkelhof, 1990). After a
Delphi study using questionnaires answered by 63
experts on radiation, the workgroup scoured
newspapers to detect alternative conceptions about
radiation risks. Also, they administered questionnaires to
high-school  students and conducted in-depth
interviews. Using these methods, they found a number
of ideas that students and the general public have about
nuclear radiation, e.g. the idea that food which is
exposed to ionizing radiation stores this radiation or the
idea that radiation could accumulate in a human body.
Also, they demonstrated that a lot of students have
scientifically unacceptable ideas about the transfer of
radioactive substances and the process of radiation. For
example, many students apparently believed that
radiation itself could be spread by the wind or that
human beings could be contaminated with radiation.

Edward Boyes and Martin Stanisstreet (1994)
investigated ~ students’ conceptions about nuclear
radiation by analyzing 1365 closed-form questionnaires,
followed by interviews with a sub-set of 60 randomly
chosen students. One of their major findings was that

© 2013 iSER, Ewrasia |. Math. Sci. Tech. Ed., 9(4), 393-404

only very few students knew about natural sources of
radioactivity. A lot of students also deemed radioactivity
responsible for exacerbating the greenhouse effect and
the depletion of the ozone layer.

When doing research about students’ ideas about
nuclear radiation, the field of risk perception also plays a
vital role. Paul Slovic (1996) was able to find factors that
influence how the public views the use of nuclear
radiation arising from human activities. He showed that
whether or not people rate radiation as harmful
primarily depends not on the type of radiation but on
the context in which the radiation is used. A lot of
people, for instance, rated ionizing radiation for medical
purposes as harmless whereas in the context of food
irradiation it was rated as harmful.

Few studies, evidently, have been able to investigate
pre/post-effects of nuclear accidents on risk
petceptions or on students’ conceptions about radiation.
Klingman, Goldstein and Lerner (1991) were interested
in how the Chernobyl accident influenced the attitudes
of 96 students related to nuclear threat. By
administering a questionnaire (the Nuclear Threat
Index) before and after the incident, they were able to
find that the older the students were, the more
pessimistic they became regarding nuclear issues after
Chernobyl. The older students did, however, report
fewer nuclear-related activities (e.g. talking to their
parents or searching for information) than the younger
students after Chernobyl. When analyzing the changes
before and after Chernobyl, they also found that the
number of nuclear-related activities had decreased, a
fact that the authors of the study suggested to trace back
to a possible saturation of information by the extensive
media coverage. Cees Midden and Bas Verplanken
(1990) published a study in which they reported how the
nuclear attitudes of adults and their perceptions of risks
and benefits of nuclear technology changed a certain
period after the Chernobyl accident. One of the results
was that those people who supported nuclear power
turned out to be less stable in their attitudes than those
who opposed this technology.

At the beginning of our research related to students’
ideas about radiation, our workgroup only aimed to
contribute to science education research in the field of
students’ conceptions. After the tragic events of
Fukushima, however, we decided to take this
opportunity to start two trend studies that will support
and enhance the few existing pre/post-studies about
children’s associations with the term radiation as well as
about older students’ attitudes towards nuclear issues.

First, we replicated the analysis of children’s
drawings as desctibed above. Pre/Post-effects relating
to the events at Fukushima included the fact that
students of all investigated age levels, girls as well as
boys, chose more motifs related to nuclear issues. In the
interviews, we found that most students had heard of
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the events in Fukushima and often referred to this
accident when talking about nuclear radiation
(Neumann & Hopf, 2013). The design and results of
our second trend study (replication of the interview
study) will be the focus of this article.

Research Questions

Our trend study had two major aims: First, it was
self-evident that we wanted to test whether or not
certain students’ ideas about radiation, in general,
remained the same and would also be shown in a
replicative study two years after the original study. In
this article, however, we would like to present and
discuss the second aim of our trend study: to find out
about students’ ideas about nuclear radiation. We will
therefore omit reporting the stability of conceptions
about other types of radiation such as ultraviolet and
infrared.

The research questions that we aspired to answer
were the following:

How did students’ perceptions about radiation (especially
nuclear radiation) change in a trend study before and after
Fukushima?

Which evidence can be found that these changes originated (at
least partially) from the media reports or other sources as a
result of the events at Fukushima?

By answering these two research questions, we were
hoping to find evidence regarding our assumption that
some types of students’ perceptions are easily influenced
by external events. If this were the case, it would be
important for science education to perform trend
studies about other ideas that might have changed over
time and for teachers to be aware of the development of
students’ perceptions.

In order to keep the preconditions as similar as
possible, we aimed to include students of the same
schools as in the first part of the study. From the eight

Interview Study (Part 1) -

schools which participated in 2010 (all of them in urban
areas, but different types of schools from different
districts), seven schools agreed to participate again. One
school, however, could not take part in the 2012 study.
This is why we removed the data of this school from
the 2010 database. All in all, in the second part of out
study, we conducted interviews with 43 students
attending grade 9 with a mean age of m = 15.6 (s = 0.0).
The main reason for choosing 9th grade students was
the fact that, in Austria, this is the last year of
compulsory education and about 30% of all students
discontinue their education once they fulfill this
requirement. The students selected for the interviews
were taught by the same teachers as in 2010. The
science curriculum had not been changed in the
meantime. However, we were not able to account for
changes in the individual teaching methods of the
teachers or the specific content of the science lessons
that each of the students had already attended. We have
to concede that these variables could have changed in
the time between the two studies. Though the topic of
nuclear radiation is a part of the official science
curriculum in Austria (before students complete their
compulsory education), the amount of lessons
dedicated to the topic and the context in which nuclear
radiation is taught, are left to the teachers to decide. We
asked the teachers to select students from their classes
with diverse school performances so that we would get
a mixture of over- as well as underachieving students in
each school. Also, the girls-boys ratio was selected to be
comparable in the two studies as well as representative
of the total student population in Austria. All
participating students volunteered to take part in the
interviews.

RESEARCH DESIGN

Our study was designed as a trend study based upon

Interview Study (Part II) -

June 2010 June 2012
L} L} L
Fukushima Daiichi
Nuclear Accident
March 2011
Figure 1. Timeline of Research Design
Table 1. Database 2010 vs. 2012
male female Total

Interview Study (Part I) - 2010 22 21 43
Interview Study (Part 1I) - 2012 23 20 43
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one of our previously published investigations
(Neumann & Hopf, 2012; 2013). We chose June 2012 as
the date for the second part of our study, exactly two
years after the first part and fifteen months after the
nuclear events in Fukushima. We selected this date for
two reasons: First, the date should not be too close to
the tragic incident but approximately one year afterward,
in order to excite long-term memories of the
interviewed students. Second, the setting of the
interviews should be as similar as possible to the first
part of the study. Choosing the same month allowed for
similar background conditions in the students’ private
lives and school environment, e.g. no more exams
and/or the students’ anticipation of the summer break.
The semi-structured interviews followed exactly the
same interview guideline as 2010. Based on the literature
review and our previous studies, we had found several
hypotheses of potential students’ conceptions that we
wanted to test using our two interview phases. The
person conducting the interviews was also the same as
in 2010 (table 1). An English translation of the complete
interview guideline can be found in the appendix of this
article. As the interviews were conducted in German, we
also include the original version with some linguistic
comments. In our first study, we created the interview
guideline and had it peer-evaluated. After three tests
runs followed by emendations of the questions and their
specific order, the guideline was completed and was not
altered again for the 2012 study. Despite the fact that
more questions regarding the topic of nuclear radiation
would have been interesting to include in the
questionnaire, we decided not to alter it at all, in order
to get comparable results for the trend study. The
interviews were administered directly at the students’

schools, usually in separate rooms adjoining the science
lab. Although the interviewer presented herself as a
university researcher, not mentioning any relationship to
science, a potentially perceived proximity to science
cannot be excluded, as the introduction of the
interviewer took place during the science lessons. All
interviews were audio-recorded and partially transcribed.
The category system that underlies the analysis of the
semi-open questions had already been developed and
peer-evaluated during the first part of the study and was
re-used in the 2012 study (table 1).

RESULTS

As an opening question in the interviews, we asked
the students to simply list some words that
spontaneously came to their mind when they heard the
term radiation. For this part of the study it was
especially interesting to analyze how many students
listed words that were related to nuclear radiation and
how many listed words exclusively in this category. In
order to get an impression of the variety of words that
we classified into this category, we list some frequently
mentioned words in fig. 2. For an overview of the
frequency of these words please refer to fig.4.

The analysis (see fig. 3) showed that in the second
part of our study, 90.7 % of the students spontaneously
associated words related to nuclear radiation with the
term radiation. The difference between the two parts of
the study was even stronger when we compared the
number of students who only associated words related
to nuclear radiation and did not list other words (unlike,
for instance, students who listed nuclear power plants
and UV-radiation). Testing the significance of these

Nudear power plant, Fukushima, Chemobyl, radicactrmity, half-kfe, alpha/beta/gamma

radiation, atomuc bomb, radiation sickness, wradation, nuclear meltdown ...

Figure 1: Sample of Words from Category "Nuclear Radiation"

100% — —
90% +—
80% ——
70% ——
60%
50%
40%
30%
20%
10%
0%

Study | - 2010
Figure 2. How Many Students Associated Words Related to Nuclear Radiation?

© 2013 iSER, Ewrasia |. Math. Sci. Tech. Ed., 9(4), 393-404

Study Il - 2012

% of students who did not
listany words in the category
"nuclear radiation”

% of students who listed
words in the category
"nuclear radiation" and
words of other categories

W % of students who
exclusively listed words in
the category "nuclear
radiation”
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values, we used a 2x3-contingency table, where the y*-
test revealed a high significance in the changes (y* =
14.29; df = 2; p < 0.001).

We also analyzed the frequency of specific words
that were listed in both studies. Fig. 4 cites the ten most
frequently associated words in study I and study II,
respectively. It can be seen how the absolute frequency
of (nearly all) words related to nuclear radiation
increased in the 2012 study and the frequency of words
related to other aspects of radiation (the Sun, UV,
mobile phones) decreased.

In order to find out more about the students’
spontaneous associations, we then asked them to tell us
about the feelings they have when confronted with the
term radiation and to give reasons why. Fig. 5 shows
that a difference between the two parts of the studies
could be found. In 2012, 11.6 % more students reported
that they associated negative feelings with the term
radiation, while 11.6 % fewer students reported to have
mixed feelings. These differences, however, were not
found to be significant and, thus, only show a trend in
our sample.

The interview guideline also included a section
where the students were asked whether or not they had
heard of different types of radiation, e.g. infrared,
ultraviolet, X-rays and nuclear radiation. Then, the
students were asked to rate the risk potential of those
types of radiation. As there were no substantial
differences detected between the 2010- and the 2012-
study, we would like to refer the reader to our previous
article (Neumann & Hopf, 2012) in order to find out
about students’ ideas about risk potential. In this article,
we would like to report only one finding related to the
students’ perception of risk potential. In this context, we
present the findings based on the combined sample of
2010 and 2012 (although the same idea can also be
found in both samples independently).

The interviewed students demonstrated a very
different reaction pattern when asked to rate the risk
potential of X-rays and nuclear radiation, respectively
(see also fig. 6). Although 38.4 % of the students
characterized X-rays as harmless for the human body,
none of the 86 students suggested that about nuclear
radiation. For the vast majority of students (92.4 %)
there was no doubt about the hazardous nature of
nuclear radiation, while only 32.6 % considered X-rays
to be unrestrictedly harmful.

To get an impression of the arguments that the
interviewed students used, we would like to present
some typical comments from those students who rated
X-rays as harmless:

“T don’t think that X-rays are barmful. If they were, we
would not use them in medicine.” (I 35, Study 2070)

“Of course, they are not harmful. 1 have done it a million
times and it’s perfectly okay.” (1 36, Study 2010).

398

“N-rays¢ No, they are not dangerous.” — “Why don’t you
think so?” — “Why should they be? What you do, is only
taking pictures, pictures of your bones.” (I 12, Study 2012)

In our interviews, we also asked the students if they
could remember any topics related to radiation that had
been discussed previously in school. In the Austrian
science curriculum the topic of radioactivity is explicitly
planned for grade 8, so we could expect the majority of
our interviewees (all of them attending grade 9) to have
heard about nuclear radiation in school. The fact that
the accident in Fukushima had happened a year
previously, when the interviewed students were
attending grade 8, could have given the teachers an
opportunity to connect the curricular topic to current
events. What we found was that 37 out of the 43
interviewed students remembered that they had
discussed the topic radioactivity in science lessons, 13 of
these students explicitly mentioned that the accident of
Fukushima had been a specific theme in science lessons.
Some of the students even told us about cross-curticular
activities and projects centered around the incident at
Fukushima, which also involved subjects other than
science. As teacher interviews were not part of this
study, we cannot provide any data about how often and
how in depth the teachers really discussed the topic in
their science lessons. Also, no figures can be given
about the period of time during which the Fukushima
accident was extensively covered in Austria and through
what kinds of media.

The major aim of the interviews, in both parts of the
study, was to detect students’ conceptions about
radiation. This is why we also included open questions
(see questionnaire in the appendix) that would give the
students the chance to talk freely about their ideas
related to the topic. When we analyzed the answers of
those questions we also discovered several ideas about
nuclear radiation that we find worth reporting. For
students’ conceptions about radiation in general and
types of radiation other than nuclear, we would like to
refer the reader to the analysis of our first study
(Neumann & Hopf, 2012). All students’ ideas presented
in the previously cited article, for instance, the idea that
radiation is always something harmful and artificial or
the idea that light is not a type of radiation, were
discovered again in the 2012-interviews. Therefore we
are now only going to present those students’
conceptions that relate to nuclear radiation. All of the
following students’ conceptions could be found in the
2010- as well as in the 2012-study.

There are no positive aspects of nuclear
radiation

A very remarkable result of our interviews was the

fact that, when students talked about nuclear radiation,
most of them only mentioned its negative aspects.

© 2013 iSER, Ewrasia |. Math. Sci. Tech. Ed., 9(4), 393-404
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Figure 3. Specific Words Associated With “Radiation”

70%
60%
W Study| - 2010
50%
# Study 1l - 2012
40%
30%
20%
10% -
0% A
neutral positive negative both
feelings feelings feelings

Figure 4. What Feelings Do Students Have When Confronted with the Term Radiation?

Overall, there was only one student who argued that
nuclear radiation is also used in medicine (although in
the same statement, she confused it with
chemotherapy). All of the other interviewees only talked
about the hazardous aspects, usually illustrating their
point by listing accidents in nuclear power plants
(Chernobyl, Fukushima). It cannot be ignored, however,
that all of the reported students’ comments are only
statements that they delivered unsolicitedly because the
interview guideline did not contain specific questions
about positive aspects of nuclear radiation.

radioactive

Radiation is confused with

substances

This students’ idea, which has also been identified in
previous studies (Boyes & Stanisstreet, 1994; Eijkelhof,
1990) cannot only be explained by a technically
incorrect use of the words but several comments from

© 2013 iSER, Ewrasia |. Math. Sci. Tech. Ed., 9(4), 393-404

the interviewed students show that the scientific
concepts behind these words were not understood. A
lot of students, for instance, wete able to remember that
gamma radiation can penetrate thick walls. However,
their confusing the differences between radiation and
radioactive particles made it impossible for them to
explain why the wearing of raincoats is recommended
after a nuclear accident.

“Dve heard that there are those plastic suits you should wear,
but to be honest I think this is a lie because nuclear
radiation goes through that material anyway.”(I 23, Study
2010)

“Uf I eat, let’s say, mushrooms [after a nuclear breakdown],
I wonld have the radiation inside of me.”(I 4, Study 2012)
“On the news 1 saw that the workers in Fukushima were
wearing those masks so that they would not inhale the
radiation.” (1 41, Study 2012)
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The statement “All objects emit radiation.” is
true because nowadays everything is contaminated
with nuclear radiation.

Although our purpose for testing this statement was
to find out whether or not students consider thermal
radiation plausible, we discovered that some students
affirm this statement not because they had a profound
understanding of thermal radiation, but rather because
they attributed it to nuclear radiation.

“Why should I not believe that the table, for instance, emits

radiation? It is made of wood and that's definitely
contaminated with a little bit of radioactive radiation.” (1
20, Study 2010)

“I think that has changed over time. A Hundred years ago,

of course, there was not so much radiation. But nowadays
everything contains radiation. A little bit at least.” (I 6,
Study 2012)

“T also think that flowers emit a little bit of radiation,
especially if they grow in the neighborhood of Fukushima.” (I
25, Study 2012)

Gamma radiation consists of waves, every other
type of radiation travels in a straight line

One question included in our interview guideline
requested that the students draw an object that emits
radiation. We were not only interested in the objects
that students would choose to depict, but also in the
way that students would use to illustrate the process of
emitting radiation. What we found was that most

100%
90%
80%
70%

60% EN/A

students used sun-ray like straight lines for picturing the
process of emitting radiation independent from the
object they drew (e.g. mobile phones, nuclear power
plants, nuclear waste), see fig. 7.

Some students, however, included waves in their
drawings. If this was the case, we asked them why they
chose this way of illustrating radiation. None of the
interviewed students could give a scientifically
satisfactory answet.

“Of course this radiation wants to go in a straight line. But
there are molecules in the air and so the radiation is bent
around them like this (showing a wavy motion with his
band).” (I 5, Study 2010)

“It depends on the kind of radiation. It’s only gamma
radiation that travels up and down like a wave. Everything
else spreads out in straight lines.” (1 41, Study 2010)

I really have no idea why I drew a wave. I think 1've seen it
in my physics text book that gamma travels up and down
and has a wavelength, right? And alpha radiation goes
straight, just like light coming from a laser.” (I 14, Study
2012)

The analysis of the open questions also made it
possible to investigate whether or not the interviewed
students in the 2012 study would refer to the accident in
Fukushima when talking about nuclear radiation. We
already showed in this chapter that 11 out of the 43
interviewed students included the word Fukushima in
their spontaneous associations with the term radiation.
Also, 13 students (7 of which had not listed Fukushima
as one of their associations) mentioned Fukushima after
having been asked about radiation topics discussed in

50%
40%
30%
20%
10%

0%

X-Rays

Nuclear Radiation

W harmful
# too much is harmful

harmless

Figure 5. How Students Rated the Risk Potential of Specific Types of Radiation
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Figure 6. How Students Depicted the Process of Emitting Radiation
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school. In addition to that, we also found evidence in
the open questions for the hypothesis that students
referred to the Fukushima accident when talking about
nuclear radiation. They told us about media reports,
discussions with their parents and documentaries they
watched about the event. It seems noteworthy to
mention that a lot of students used Fukushima to
illustrate their specific ideas and conceptions about
nuclear radiation described above.

“U¥’s clear that nuclear radiation is a bad thing. Everybody
knows about this thing that happened in Fukushima.” (I 3,
Study 2012)

“Radiation is something we cannot see with our eyes. That
makes it so difficnlt to detect it. Just like in Fukushima
when the workers needed measuring devices.” (I 37, Study
2012)

“On the news, 1 saw that the workers in Fukushima were
wearing those masks so that they wonld not inhale the
radiation.” (1 41, Study 2012)

DISCUSSION

From the results described above, it seems to be
conclusive that students tend to equate the term
radiation with nuclear radiation. The results also show
that this correlation is even more prevalent in the
second part of the study. We have to concede, however,
that due to the design of the interview study, a direct
causality between the increase in the students equating
the term radiation with nuclear radiation and the events
in Fukushima cannot be clearly demonstrated.

The outcomes of our study demonstrate that the
term (nuclear) radiation seems to be nearly exclusively
associated with negative emotions. Students in our
interview associated accidents in nuclear power plants
and hazards of nuclear waste with the term. In our
opinion, however, students should also be familiar with
applications of nuclear radiation that are beneficial to
mankind so that their feelings will not solely tend to the
negative side. From the interviews, it seems to be
apparent that the risk perception of the students was
closely related to the students’ knowledge about
applications in technology and medicine. X-rays were
rated much less hazardous than nuclear radiation
because students associated benefits for mankind with
this kind of radiation. This result is consistent with the
outcomes of Slovic’s study (1996) which found that the
general public’s attitude about ionizing radiation is
largely dependent on the context.

The interviews also revealed how large the impact of
media reports on students’ perceptions is. Nearly all of
the students reported that they had heard about the
Fukushima incident in the media. Also, the families and
friend circles seemed to be a major source of students’
knowledge. It should not be concealed, however, that a
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lot of students also stated that they had discussed this
topic in school. This demonstrates that a lot of teachers
were able to successfully implement current issues into
their science teaching.

In spite of the fact that a large number of science
teachers had obviously included Fukushima in their
lessons, it seems disturbing to see how many students
showed major difficulties when trying to align the facts
about nuclear radiation (which they apparently had
learned in school) with facts they heard from various
media reports. This inconsistency could result from the
way teachers used the news reports: If they only
implemented the Fukushima incident as an impulse for
their teaching and did not thoroughly draw relationships
between the news reports and the scientific background,
this could have led to the learning difficulties found
among the interviewed students.

CONCLUSIONS AND IMPLICATIONS

Both our previous interview study (Neumann &
Hopf, 2012; 2013) as well as the current study show
how biased the majority of students are regarding the
term radiation. For most of the students interviewed,
the term radiation was equivalent with what scientists
call nuclear radiation. This leads to the results that could
be shown in both interview studies, in 2010 as well as in
2012: A lot of students are convinced that radiation is,
under any circumstances, harmful and should be
avoided by any means. Radiation is also seen as
something artificial that could not occur without man-
made technology. From a science education
perspective, these results appear to be problematic as
one aim in science learning should be to perceive
radiation as a neutral term. Besides nuclear radiation,
students should be aware of other types of radiation
(such as light, infrared radiation, ...) and of the natural
occurrence of different types of radiation. Considering
these wide-spread students’ ideas, the topic radiation
should be addressed in detail in the science classroom.
Teachers should be aware of the associations and the
pre-existing knowledge that students bring with them.
General suggestions for effectively introducing and
explaining the topic radiation can already be found in
(Neumann & Hopf, 2012; 2013). In this article, we
would like to add some ideas for teaching nuclear
radiation in the science classroom. Some aspects that
teachers should focus on are the following:

Nuclear radiation is only one of many different
types of radiation

Since the majority of the students in our study
equated radiation with nuclear radiation, it seems to be
absolutely necessary to introduce and discuss other
types of radiation when talking about nuclear radiation.
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This will make it easier for students to broaden their
associations with the word radiation. Introducing light
and thermal radiation as part of the electromagnetic
spectrum will help the students to understand that
radiation is not necessarily harmful nor invisible.

The sources of nuclear radiation are, to a very
large extent, of natural origin

Most of the students have already heard something
about nuclear radiation, mostly in the context of nuclear
power plants or nuclear weapons. However, it is highly
probably that they are completely oblivious to nuclear
background radiation which comes from natural sources
like from the soil and from space. As this is the major
source of nuclear radiation that people on Earth are
exposed to, it is very important for teachers to make
their students familiar with those natural sources.
Having discussed nuclear background radiation,
students will find it easier to not exclusively perceive
nuclear radiation as something artificial and man-made.

In technology and medicine, the use of nuclear
radiation is beneficial to human beings

In our study, the majority of students reported their
negative emotions regarding the term radiation. Also,
when discussing nuclear radiation, they almost always
mentioned negative aspects of nuclear radiation, for
instance (e.g. accidents that happened in nuclear power
plants). We assume that these biased emotions towards
nuclear radiation stem not only from media reports but
are also generated and/or reinforced in the science
classrooms. Beneficial applications of nuclear radiation
seem to take up very little time, if any, in science
lessons.

Apart from finding out about students’ conceptions
about (nuclear) radiation, the trend aspect in our study
also allowed us to investigate how these ideas changed
over time. Our results, thus, contribute to the
knowledge gained from other pre/post-studies that
investigated the change in people’s attitudes towards
nuclear radiation before and after nuclear accidents (cf.
Klingman et al., 1991). In this context, it also seems
striking  how much students’ conceptions can be
influenced by current events and media reports.
Evidently, the topic radiation might easily be assumed to
be one of the science topics where students’
associations and conceptions change rapidly due to the
prominent role of this term in the students’ everyday
lives. We suggest, however, that this is not the only
topic in which students’ ideas might vary over time and
it could be interesting to see more trend studies in
various fields of research on students’ conceptions.
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Appendix
Interview Guideline — English Translation

Question 1: Please list some words that spontaneously
come to your mind when you hear the term ‘radiation’?

Question 2: When confronted with the term ,radiation’,
what feelings do you have? Why?

Question 3: I am going to show you pictures of
different objects. Which of these objects do you
associate with the term ‘radiation’» Why?

The pictures associated with this question showed the
following motifs (due to copyright, these pictures
cannot be published but can be sent upon request): an
X-ray photograph of a foot, a mobile phone, a
computer screen with keyboard and mouse, a factory,
windmills, a flower, a dog, a campfire, a nuclear power
plant, stars in the night sky, a beach with a sunshade, an
I-Pod, a TV-set and a child watching TV, a man, a
woman in a tanning booth, kids playing a video game
console, a mobile phone tower, a laser pointer

Question 4: I am going to list some specific types of
radiation (mobile phone radiation, microwave radiation,
infrared radiation, visible radiation, UV radiation, X-
radiation, nuclear radiation). Please tell me whether or
not you have heard of them, in what context you have
heard of them, and if you think these types of radiation
are harmful. Can they be detected by the human eye?

Question 5: Have you already discussed ‘radiation’ in
physics class or in any other subject? Tell me what you
have discussed.

Question 6: Do you think you should protect yourself
against radiation? Why (not)? How can you do that?

Question 7: On this sheet of paper, please draw an
object that emits radiation.

Question 8: You read in a magazine that all objects

emit radiation. Do you think this could be true? Why
(not)?
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Interview Guideline — Original German Version
(with Linguistic Comments)

Frage 1: Nenne mir bitte einige Begriffe, die dir spontan
zum Begriff Strahlung® einfallen. (The German term
Strablung” is also wused in everyday language, especially in
compound words such as “Sonnenstrablung” = “Sunshine” or

phrases like “Die Sonne strablt.” — “The sun is shining.”)

Frage 2: Wenn ich dir das Wort ,,Strahlung® sage,
welche Gefiihle verbindest du damit? Warum? (see above)

Frage 3: Wenn ich dir die Kirtchen zeige, welche Dinge,
die auf den Kirtchen abgebildet sind, verbindest du mit
dem Wort ,,Strahlung®? Warum? (see above)

Frage 4: Ich nenne dir jetzt ein paar Strahlungsarten
(Handystrahlung, =~ Mikrowellenstrahlung,  Infrarot-
Strahlung,  sichtbare  Strahlung, = UV-Strahlung,
Roéntgenstrahlung, radioaktive Strahlung). Bitte sag mir,
ob du von ihnen schon einmal gehért hast und in
welchem Zusammenhang. Von welchen glaubst du, dass
sie gefihrlich sind fiir den Menschen und warum? Kann
man diese Strahlungsarten sehen?

Frage 5: Hast du im Physikunterricht oder in anderen
Fichern schon einmal etwas Uber Strahlung gehort?
Erzihle mir, was du davon gehért hast.

Frage 6: Soll man sich vor Strahlung schiitzen? Warum
(nicht)? Wie kann man das tun?

Frage 7: Ein Gegenstand sendet Strahlung aus. Bitte
fertige ecine kleine Skizze an, wie du das aufzeichnen
konntest.

Frage 8: In einer Zeitschrift liest du, dass ,jeder

Gegenstand  strahlt“. Kann das stimmen? Begriinde
bitte.

© 2013 iSER, Ewrasia |. Math. Sci. Tech. Ed., 9(4), 393-404
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	INTRODUCTION
	The words, “outsourcing” or “H1B visa quota” or “call centers” and the image associated with these usually include individuals from countries such as China, India, South Korea and to a lesser extent from the Middle East. New industrial countries such...
	Research suggests that several factors affect students’ choice of pursuing a science career such as student interests in and attitudes toward science, social environment , experiences in science classroom, and gender (Aschbacher, Li, & Roth, 2010; Ha...
	In this regard, this study compared students’ perceptions of doing science and scientists reflected in their responses to a modified version of Draw-A-Scientist Test (DAST) across five different countries, i.e., China, India, South Korea, Turkey, and ...
	REVIEW OF LITERATURE
	Background research about the Draw-A-Scientist-Test (DAST)
	Research into children’s perceptions of science and scientists commenced well over 50 years ago. The seminal work by Mead & Metraux (1957) systematically described how students viewed scientists. Thirty five thousand American high school students part...
	Stereotypes are blanket beliefs and expectations about members of certain groups that present an oversimplified opinion or prejudiced attitude.  They go beyond necessary and useful categorizations and generalizations in that they are typically negativ...
	State of the literature
	 Common stereotypic perceptions about scientists are prevalent among students in different countries.
	 Statistical analysis revealed no difference among males and females with regards to scientist stereotypes.
	 Early research suggested females expressed more negative attitudes towards science than males that contributed to the lack of women in science fields.
	Contribution of this paper to the literature
	 This paper provides an extensive literature review on the Draw-A-Scientist-Test and students’ perceptions of scientists and doing science.
	 Data was collected and analyzed from five different countries contributing to the knowledge base where there is a paucity of research set in an international arena.
	 Results indicated having a strong stereotypic image about scientists did not impact the student’s choice to pursue science or a science related career.
	In 1983, Chambers developed the Draw-a- Scientist- Test (DAST) patterned after the Draw-A-Man-Test (Goodenough, 1926; Harris, 1963). The students’ drawings were assessed for seven predetermined indicators of the “standard image” of the scientist from ...
	However, some researchers have raised questions about the use of DAST as a means to understand student perceptions of scientists. Jarvis and Rennie (1995) argued that the use of drawings alone to understand student perception was problematic. They opi...
	To provide a reliable and efficient format for analyzing students' drawings, Finson, Beaver, and Cramond (1995) developed the Draw-A-Scientist Checklist (DAST-C).  The checklist consisting of 15 items was advantageous, lending itself to comparative da...
	Synopsis of international studies using DAST
	While several research studies have been conducted in US regarding children’s perceptions of scientists, there is a paucity of such data in the international arena. Chambers (1983) conducted a study of images of scientists in the People's Republic of ...
	Fung (2002) administered the DAST to 675 Hong Kong Chinese students comparing primary and secondary school student’s images. She reported that students developed more stereotypical images with age and that the scientists drawn were predominantly mascu...
	Buldu (2006) described a study in Turkey when DAST was administered to children ages 5-8 years. None of the 24 boys drew female scientists and 5 of 13 girls drew female scientists. Sjøberg (2002) investigated students’ experiences and interests relati...
	Gardner (1980) suggested that the cultural models students are exposed to significantly impact their mental schema the results of which are exhibited in drawings arising from those schemas. Various cultural factors are responsible for the formation of...
	Students’ Attitudes toward Science & Their Career Choices
	Research shows that students’ attitudes towards science are related to their choice to pursue a science career. According to Hammrich, (1997), individuals with negative perceptions of science or scientists are unlikely to choose science courses or pur...
	In a nationwide study in US, Tai and his colleagues (2006) investigated whether 8th grade students who reported they expected to enter a science-related career by age 30 obtained baccalaureate degrees in science-related fields at higher rates than stu...
	Earlier studies suggested that female students express more negative attitudes toward science than male students (Catsambis, 1995; Willson, 1983). This gender related difference in attitudes was considered to contribute to the lack of women in science...
	Research Context
	The participant countries other than US were selected because they are rapidly developing industrialized countries with an escalation in migration of personnel in STEM areas to US. Further, the ease of data collection by the authors who hail from the ...
	How science is taught in participating countries
	Table 1 summarizes details about science teaching at the schools from which data was collected in the five participating countries. In India, science is taught at all grade levels starting with General Science and Environmental Studies at the elementa...
	In Turkey, in 3rd grade there is no specific science course, however some broader or cross cutting science concepts such as change, interaction, cause-effect relationship, similarities and variation in nature, and interdependence of organisms are brie...
	In South Korea, science is taught 3 times per a week at the 3rd and 7th grade level. Science for both the 3rd and 7th grade is taught as an integrated science (not taught as separate disciplines such as biology, earth science, chemistry, and physics)....
	In China, science is taught as Natural Science at the elementary level from grade 3, but it is not tested on as a requirement to enter middle schools, hence students are able to spend more time in the laboratory performing experiments. At the middle s...
	METHODS
	Participants
	Participants included 1,800 students at the 3rd, 7th and 10th grades in Bombay, India; Seoul, South Korea; Ankara, Turkey; Beijing, China; and Lubbock, Texas, US. Given the impact of socio-economic factors on student perceptions, participant schools w...
	Within the participating schools, one hundred twenty students per grade level 3rd, 7th & 10th) were randomly selected. The procedure for selecting students was uniform in all schools. Teachers provided researchers only the roll numbers of the students...
	Research Design and Data Collection
	A mixed method research design was employed to compare differences and similarities in students’ perceptions of science and scientists among different countries. Major data sources included student responses to survey instrument and interviews. The su...
	Data Analysis
	Students’ Perceptions of Scientists
	The drawings of scientists (Part A) were evaluated using the DAST-C developed by Finson, Beaver, and Cramond (1995). The DAST-C consists of 15 items that represent 15 stereotypic characteristics of scientists that students commonly have. During the an...
	To enhance the accuracy of scoring by DAST-C, the three researchers jointly scored 20 drawings randomly selected from each country and established clear criteria for analysis of each item on the DAST-C. Then they scored separately another 20 drawings...
	Students’ Perceptions of Doing Science
	For Part B, the drawings of a student(s) doing science were grouped into three main categories: (1) those who pictured themselves as passive learners such as reading about science or taking notes at a desk; (2) those who pictured themselves as active ...
	Students’ Career Choices
	Students’ responses to Part C were grouped into three categories: a) scientist (e.g., biologist and chemist); b) science related career (e.g., biotechnologist and computer engineer); and c) non science related career (e.g., singer and soccer player). ...
	Relationships among Students’ Perceptions of Scientists and Doing Science, and Career Choices
	To examine whether student perceptions of scientists were related to their career choices, participants in each country were divided into two groups according to their stated career choices; one wanting to pursue science or science-related career; the...
	In order to assess the relationship between student perceptions of scientists and perceptions of doing science, the mean scores of the stereotype were compared country-wise by three categories based on student perception of doing science; a) drawing t...
	RESULTS
	Part A: Perceptions of Scientists
	Overall Perceptions
	To test the differences in the mean scores of the students’ perceptions of scientists measured by DAST-C by country, by grade, and by gender, ANOVA was conducted. The results indicated that the main effect of country (F=15.679, p-value=.000) and grade...
	Table 4 describes the distribution of the indicators for each country. The stereotypes of scientists most frequently exhibited by students of all grade levels and countries fell into two major categories: a) those related to the physical appearance of...
	Meanwhile, a larger number of students from the US drew their scientists in everyday clothes as opposed to wearing lab coats. In addition, the item 15 (open comments related to dress items, neckties, hair style, smile/frown, etc.) was less depicted by...
	It is also important to note that over 90% of Turkish student depicted scientists as Caucasian, while the students from other countries illustrated other ethnic groups, such as Hispanic, Asian, and African. One possible cause for this result is that ...
	By Grade
	In this study, some grade 3 students drew their scientist examining leaves or looking through the telescope. Interviews revealed that those were topics recently studied by the students in their science lessons. We also found that more grade 3 students...
	By Gender
	Although a statistical analysis revealed that there was no difference between female and male participants in the mean scores of stereotype, female participants predominantly depicted their scientists wearing lab coats and eye glasses, working in the ...
	Part B: Draw a Student Doing Science in School
	In part B of the survey administered, we asked participants to draw a picture of a student doing science in school and explain what the student was doing. The data were grouped into three categories: active, passive, and other. Drawings that represent...
	Table 5 represents the results obtained for these categories and indicates the differences in each one of them across countries and grade levels. More than half of the students from all countries perceived doing science as an active practice. Interest...
	Part C: Future Career Choice
	Chi-square test indicated that students’ career choices were different by countries (chi-square = 100.260, df=4, sig.=0.00; see Table 6 for the differences). When asked about their future career choice, more than half of the entire participant group (...
	Among Indian grade 10 students, while only about 10% of participants chose scientist as their future career choice, more than 40% of students chose science and technology related fields to pursue as a future career choice. However these results were n...
	In the interviews, the students from the developing countries often referred directly or indirectly to the “value” of science. Though they found the study of science difficult and tedious, they also saw science as a mean to improve their lives.
	“Science is not my favorite subject to study in school. It is so hard and we have to memorize everything to do well in the exam. When I grow up I want to be an author and write stories, but I think I will be  a computer engineer like my brother and un...
	This directly speaks to how globalization has the ability to make science transformative in the lives of young people (Lee & Micheal-Roth, 2007).
	Chi-square test was performed to examine gender differences in career choice in each country. As a result, the association between gender and career choice was significant in Korea, Turkey and US at the 0.05 significance level (Table 7). In particular...
	Relationship between Students’ Perceptions of Scientist and Career Choices
	The results of t-test with the two groups (wanting to pursue science or science-related career; wanting to pursue non-science related career) indicated that there is no statistically significant difference in the stereotype scores of the two groups fo...
	Relationship between Students’ Perceptions of Scientist and Perceptions of Doing Science
	Three indicators of student perception of doing science (passive, active and other) were present in the students’ drawing of themselves doing science. Table 9 displays the difference in mean score of the stereotypes by student perceptions of doing sci...
	Relationship between Students’ Perceptions of Doing Science and Career Choices
	Table 9 displays crosstabulation of students’ perception of doing science and career choices for each country. As indicated in Table 10, only in Korea and US there was a significant relationship between an active perception of doing science and choos...
	DISCUSSION AND IMPLICATIONS
	This study shows that the students from the five participating countries held similar stereotypic images of scientist to those that previous studies identified. For example, most students in this study portrayed scientists as males wearing lab coats w...
	A larger number of the students appeared to perceive doing science as an active practice. In terms of countries, students from India, US, and South Korea perceived doing science passive more than those from Turkey and China. Assuming that their percep...
	An interesting result of our study was that more than half of the entire participant group stated they would not want to pursue a career in science. The decline in the interest among youth in pursuing science careers has been well documented (Varghese...
	While collecting and analyzing data, it became evident that participants at all grade levels differentiated between “scientist” and “science related careers” as future career choice. While some participants chose scientist as their future career choic...
	The gender analysis with regards to career choices in each country revealed unexpected results. While in South Korea and Turkey, male students tended to choose science related careers more than females did, the pattern was reversed in US. The gender d...
	Another interesting finding is the significant relationship between perceptions of doing science and career choices only in Korea and US. In these two countries, students who perceived science as active practice were inclined to choose science-related...
	Although this international comparison study was ground in sound research methods, it should be acknowledged that the findings of this study cannot generalized towards a larger population of the participating countries due to the relatively small samp...
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	INTRODUCTION
	A model can be defined as a system of objects or symbols that represents some aspect of another system and it can be often compared to a ‘bridge’ or regarded as a ‘mediator’ since a model plays a role of making a connection or transition between theor...
	Besides considering models as science’s products and as presenting its thinking and working methods, they also provide its major learning and teaching tools (Crawford & Cullin, 2004; Harrison & Treagust, 2000;Treagust et al., 2004) and they facilitate...
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	According to a recent study, scientific models have been recognized as a valuable teaching tool that changes alternative conceptions into scientific conceptions, and leads to an active learning attitude among students (Treagust & Harrison 2000). In or...
	Learners' perceptions of scientific models
	Scientific models have long been used and appreciated as useful tools that enhance learning; however, most elementary and junior high school students regard scientific models as concrete replicas of the real thing, with few students regarding scientif...
	State of the literature
	 Scientific models have been recognized as a valuable teaching tool that changes alternative conceptions into scientific conceptions.
	 Current researches focused on classifying students’ perception and understanding of the scientific models into different levels.
	 Conceptions of lunar phases have been a central focus for various studies from different countries and various misconceptions with regard to this has been reported.
	Contribution of this paper to the literature
	 This study empirically examines whether there were differences in the perception of the scientific models according to students’ subject matter knowledge.
	 A survey called SUMS and the lunar phase description test were administered, the data were analyzed quantitatively and qualitatively.
	 The results of the study showed that Korean students appeared in a different pattern in the epistemological perceptions of the scientific models depending on their types of lunar phases conception.
	Literature review about conceptions of lunar phenomena
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