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Abstract

The Fukushima nuclear accident had a significant impact on the attitude change toward nuclear energy.
This attitude change critically influences the energy transition, in particular, phaseout of nuclear energy.
The purpose of this study is to analyze the determinants of attitude change toward nuclear energy after
the Fukushima accident. Since the attitude change is influenced not only by the individual variables but
also by the contextual variables, it is necessary to set both the macro country-level variables and the micro
individual-level variables as the causal variables of the attitude change. Empirical findings summarize that
male, education, religion, risk perception, and trust at the individual level, and operation of nuclear power
plant, GDP per capita at the country level had a crucial impact on attitude change from supporting to opposing.
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| . Research Background & Question

After Fukushima nuclear accident broke out,
several countries around the world have changed
their energy policy toward de—nuclear energy.
Germany accelerates the energy transition from
nuclear energy to renewable energy, Germany
announces that she performs energy transition
fully (or almost entirely) to renewable energy
sources by 2050, and that the country’s share of

energy derived from nuclear sources should be

eliminated incrementally by 2022, In May 2017, 48%
of the Swiss people supported for the proposed
Energy Strategy 2050 which starts in 2018, When
the law takes effect, Switzerland will begin a
phaseout of nuclear energy and a transition to
renewable (Morris, 2017), In France, the
government decides to cap the nuclear energy
generating capacity to the current level of 63,2
GWe, limiting it to the 50% of total energy output
by 2025 (Vercelli, 2014),

Such policy turns at country level reflect on the

* The 1st author: Sangseok Bae, Tel, +82-43-219-2748, e—mail, ssh9018@ajou,ac kr
* Corresponding author: Donggeun Kim, Tel, +82-43-219-2786, e—mail, kimdongg@ajou, ac kr



112 Crisisonomy Vol.14 No.12

people’s opinions which would have probably
changed after Fukushima accident, In 2005, the
GlobeScan, commissioned by International Atomic
Energy Agency (IAEA), conducted surveys in 18
countries to determine how many people favor or
oppose the construction of nuclear power plants,
In 2011, the GlobeScan, commissioned by BBC, also
conducted similar surveys in 23 countries,
Compared to these two sets of data, the opposition
to the construction of new nuclear power plants
has dramatically increased. it was up from 73% in
2005 to 90% in 2011 in Germany, 66% to 83% in
France, and 61% to 83% in Russia, It is also observed
in a rise of 76% to 84% in Japan (Black, 2011).
Moreover, according to Kessides (2012)’s survey on
the people in 24 countries, 62% of respondents
oppose nuclear energy, Besides, 27% of the
opponents express that they have changed their
attitude after the Fukushima accident, This
indicates that the Fukushima nuclear accident has
a serious negative impact on public attitudes,
It is remarkable that, in the United States and
France, where dependence on the nuclear energy
and the support for it are high, there is an attitude
change toward nuclear energy after the Fukushima
accident, According to Gallup research, Americans’
support for nuclear energy as a power generation
method fell from 62% in 2010 to 57% in 2013, In
Jammal (2012)’s survey of French people, the
percentage of people pointing out that nuclear
energy is the most dangerous of the six existing
risks increases from 8% to 18% after the accident,
Based on three consecutive follow—up surveys
conducted in autumn of 2010, in March of 2011, and
in October of 2011, Siegrist & Visschers (2013) also

show that Fukushima accident has a negative
impact on the Swiss people’s acceptance of nuclear
energy. In a study by Bird, et al (2013), a survey
of Australian citizens shows that support for
nuclear energy is dropped from 30,9% in 2010 to
26,9% after Fukushima accident, The proportion of
supporting responses to the question — the risk of
nuclear energy outweighs benefits — increased from
23.9% in 2010 to 32.8% in 2012, The changes in
attitude toward nuclear energy in each country
after the Fukushima nuclear accident have a
significant impact on the transition of energy
policy, However, there have been few pieces of
research on attitude change caused by Fukushima
accident,

In this context, it is necessary to study attitude
changes related to nuclear energy systematically,
In particular, the analysis of the structural causes
affecting attitude change toward nuclear energy is
a significant work in terms of theory and practical
policy making, However, this topic is incredibly
complex because not only individual but also
contextual factors should be considered to explain
the variance of attitude change, To investigate the
effects of both individual and contextual factors
on attitude change about nuclear energy, we will
adopt the multilevel modeling, This method will
include perceived risk, knowledge, trust, and type
of mass media at the individual level and
dependence on nuclear energy, distance from
Fukushima, GDP, and quality of environment at the
country level, We expect that our analysis shows
the structure of attitude change caused by the

Fukushima accident,
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1. Theoretical Background

1. Previous Studies after the Fukushima Accident

After the Fukushima accident, there have been
several studies over attitude change toward nuclear
energy. According to Prati & Zani (2012), since the
Fukushima nuclear accident, trust in nuclear
energy and pro—attitude toward nuclear energy
have declined whereas the intention to the
opposition and perceived risk toward nuclear
energy has been increasing, Siegrist, et. al (2014)
observe that there are changes in the perception
of the benefits of nuclear energy after the
Fukushima accident, which strongly influences the
attitude of people accepting nuclear energy. In
addition, Kitada (2016) points out that, over the
past 30 years, only 20 to 30% of people have a
negative attitude toward nuclear energy, supporting
abolition or reduction of nuclear power generation
(NPG). However, in four to six months after the
Fukushima accident, the proportion of people with
negative attitudes towards nuclear energy has been
increased to 70%.

These previous studies heavily rely on
psychometric paradigms, The psychometric paradigm
refers to a research approach used in explaining how
laymen (nonexperts) perceive various hazards
(Siegrist, 2010: 600). To show expressed preference,
this paradigm has developed various methods for
estimating and scaling risks at the individual level,
It accepts following assumptions: 1) risk is inherently
subjective, not objective, 2) criteria for risk refers
to not only technological, physical sides but also
social, psychological aspects, 3) main research

concern is about public opinion and 4) it emphasizes

the importance of cognitive structure in risk

judgment (Rohrmann & Renn, 2000)., Moreover,
psychometric paradigm accepts that when making the
risk assessments, people use not only statistical
information such as probability, but also qualitative
information such as perceptions of dreadfulness and
newness, The “cognitive map’ that results from
studies utilizing the psychometric paradigm became
the icon of risk perception research (Siegrist,
2010: 600),

This paradigm has contributed to understanding the
risk in terms of theory and practice, Slovic, et al (1982)
argue that psychometric paradigm contributes risk
analysis and decision making by (1) improving methods
for eliciting opinion about risk, (2) providing a basis
for understanding and anticipating public responses to
hazards, and (3) improving the communication of risk
information among laypeople, technical experts, and
policymakers(1982: 83).

However, this paradigm has several limits,
According to Sjoberg (2006: 3), a closer look at
several decades’ works of psychometric paradigm
shows that (a) novelty carries little weight in risk
perception, (b) “dread” has not been measured
appropriately and is little powerful, and (c) social
trust has a marginal influence as compared to trust
in science, epistemological trust, All of those
comments are reduced to the bias of methodology
to which this paradigm adopts, Moreover, Douglas
(1997) argues that this “psychometric” approach
naively attempts to “depoliticize” risk conflicts by
attributing social—structural issues to cognitive
work at the individual level, Douglas & Wildavsky
(1982) stress the role of sociality which consists
of grid and group, assuming that people’s thought
is inherently not solipsism but social and contextual

dependence,
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Figure 1, Research Framework

In this context, it is necessary to consider the
structural variables at the contextual level as well
as the psychological variables at the individual level
for the sake of explaining the attitude toward risk,
To explain attitude change after the Fukushima
nuclear accident, this study adopts the multilevel
approach which considers the psychological
variables such as risk perception, trust, and
knowledge at the individual level as well as
dependence on nuclear energy, distance from
Fukushima, quality of environment, and GDP at the
country level, This multilevel approach will
contribute to understanding the structure of

attitude change in risk perception,

2. Research Framework

A series of multilevel models are fitted including
the individual—level variables such as knowledge,
risk perception, trust, and mass media, In addition,

multilevel models permit the introduction of

Attitude
change from
supporting
to opposing
about
nuclear
energy

country—level variables such as dependence on
nuclear energy (i.e,, number of operating nuclear
power plant), distance from Fukushima, quality
of the environment (i,e., EPI(Environmental
Performance Indicator)), and GDP into the model,
The dependent variable is the attitude change after

Fukushima nuclear energy, (Figure 1) shows our

research framework,

3. Research Hypothesis

1) Sociodemograhic Variable

(1) Gender

Differences in risk perception between females
and males in risk studies are one of the most
controversial research topics, Since females are
more likely to be sensitive to the risks, they are
generally more risk—averse than males and tend
to oppose nuclear energy, After analyzing the
differences in perceived risk, both Slovic (1999) and
Flynn, et al (1994) show that in judging risk,
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women tend to perceive the risk object more
dangerously than men do, Men express less
opposition to natural gas—fired power plant and
nuclear power plant than women do (Ansolabehere
& Konisky, 2009). Also, Brody (1984) demonstrates
that compared to men, women have lower level of
safety and seriously assesses the risk of nuclear
power plants, Passino & Lounsbury (1976) show that
women are more opposed to building a nuclear power
station than men do, Roh & Jin (2017) demonstrate
that compared with males, females are less likely
to accept nuclear power generation, both at the
national level and in their residential areas, Why
they differ? Gustafsod (1998) argues that gender
structures, reflected in gendered ideology and
gendered practice, bring out systematic gender
differences in the perception of risk, Based on
previous findings, we provide the hypothesis about

the attitude change according to gender difference,

H1: The women show in attitude change from
positive to negative toward nuclear energy more

than the men after Fukushima accident,

(2) Age

It has been generally accepted that the higher
the age, the higher the acceptance of nuclear
energy. Webber (1982) and Roh & Jin (2017) show
that age is found to exert a positive effect on the
acceptance of nuclear energy at the national level,
The reason why the higher the age is, the higher
the acceptability is as follows: First, the higher
the age, the more resources people hold, These
resources serve as means to reduce risks when
disasters occur, Second, the older the age, the

stronger the conservative, Nuclear energy is a

valuable asset which should be protected since it
gives various benefits in terms of economy,
Economic value is one of the dominant values that
conservatives advocate, According to Corner, et,
al. (2011)’s empirical study, men, older individuals,
those in higher social classes and people with a
voting preference for the Conservative party rate

nuclear energy more favorably,

H2: The old bring out less attitude change from
supporting to opposing about nuclear energy after

Fukushima accident than the young do,

(8) Income

Income has been known to play a crucial role in
defending against risk, Therefore, it is reasonable
that the higher the income, the lower the risk
perception toward nuclear energy, and the higher
the acceptability of nuclear energy. Flynn, et, al,
(1994) find that higher income groups show less
resistance to nuclear energy than lower income
groups, implying that more income has a positive
impact on the acceptance of nuclear energy, Huang,
et al (2013) find that low—income workers respond
to the danger more after the Fukushima accident,
However, Whitfield, et al (2009) demonstrate that
the higher income has a direct negative impact on
the acceptance of nuclear energy, Moreover,
according to Ansolabehere & Konisky (2009),
income does not influence on the acceptance of a

new nuclear power plant,

H3: Higher incomes decrease the probability of
attitude change from positive to negative toward

nuclear energy after Fukushima accident



116 Crisisonomy Vol.14 No.12

(4) Education

If education provides more knowledge about the
negative impact of nuclear energy, it reduces
support for nuclear energy, After examining the
residents in California, Webber (1982) shows that
the higher level of education has a negative impact
on the acceptance of nuclear energy, Wang & Kim
(2018) show that the education effect depends on
the national context: Out of 27 European countries,
education has a negative impact on the acceptance
of nuclear energy only in France,

However, similar to income, education is regarded
as a resource which can be used against risks, In
this case, higher education increases the acceptance
of nuclear energy. Cha (2004) demonstrates that the
higher the education level, the lower the nuclear
risk perception, Greenberg (2009) finds that
wealthy white people who are university educated
are supporters of concentrating locations at major
plants (CLAMP). On the other hand, Ansolabehere
& Konisky (2009) demonstrate that education does
not show a significant impact on the acceptance of
a new nuclear power plant, For making hypothesis,

we follow the previous research in the first part,

H4: Higher education level increases the attitude
change from positive to negative toward nuclear

energy after Fukushima accident

(5) Religion

Religion has a significant impact on the way of
life and values, One of the most significant
characteristics of religion is the conservatism for
which economic value is essential, From this point
of view, the high economic benefits of nuclear

energy would lead to support for nuclear energy,

However, BalZekiené (2007) shows that religious
piety positively affects concerns about the environment,
human health, and personal safety associated with
nuclear power plants, According to de Lima (1993), the
people in earthquake—prone regions, have expressed
higher trust in religious or political institutions, It
implies that those who have religion may show more
sensitive to risk, which links to the opposition toward
nuclear energy, For making hypothesis, we follow the

previous research in the first part,

H5: The religion reduces the attitude change
from positive to negative toward nuclear energy

after Fukushima accident

2) Perception Factor

(1) Risk perception

Generally, perceived risk reduces the acceptance
of nuclear energy whereas the perceived benefit
increases it (De Groot & Steg, 2010). Therefore,
more highly perceived risks about nuclear energy
increase attitude change from positive to negative
one after the Fukushima accident,

In the post—Fukushima accident research, both
perceived risks and benefits are essential variables
in determining the acceptability of nuclear energy,
According to Yamamura (2012), perceived risks to
nuclear accidents are positively related to
experience with technical disasters, Siegrist &
Visschers (2013) show that perceived benefits have
a significant impact on the acceptance of nuclear
energy. Moreover, Ho, et, al (2013) demonstrate
that risk perception about nuclear energy is an
essential determinant in planning new nuclear
power plants, Also, Tanaka (2004) shows that the

impact of perceived risk on acceptance of nuclear
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power depends on the type of acceptability, Both
perceived risks and benefits have an equal impact
on the acceptance of nuclear energy in a general
situation, However, if both perceived risks and
benefits are related to the area where respondents
live, perceived risks have a more significant impact

on the acceptance of nuclear power than benefits,

H6: The perceived risks increase the attitude
change from positive to negative toward nuclear
energy after Fukushima accident whereas the

perceived benefits decease it

(2) Knowledge

More knowledge about nuclear energy increases
the acceptance of nuclear energy (Kunreuther, 2002;
Wang & Kim, 2018) since it increases the perceived
benefit of nuclear energy (Huang, et. al, 2013),
Kuklinski, et al (1982) show that groups with higher
knowledge have a lower rate of opposition to nuclear
power operation and its construction than groups
with lower one, In particular, in the process of
judgement about acceptance, the two groups show
differences in thinking logic; high—knowledge
groups tend to rely on calculation of cost—benefit,
while low—knowledge groups do on both a general
view of technology and information provided by the
group involved in the dispute, However, few studies
show that knowledge appears to have no statistically
significant impact on the acceptance of nuclear

energy (Stoutenborough, et, al, 2013).

H7: Better knowledge reduces the attitude
change from positive to negative toward nuclear

energy after Fukushima accident,

(3) Trust

Trust matters because people depend on trust
when they do not have information for judgment
(Siegrist, 2000), Trust will increase the acceptance
of nuclear energy, Siegrist, et, al, (2000) analyze
the influence of trust on both perceived risks and
benefits of nuclear energy, According to Whitefield,
et al (2009), increased trust in nuclear governance
institutions lowers perceived risk of nuclear
energy, and both higher trust and lower risk
perceptions have contributed to the public's
positive attitude toward nuclear energy, Frewer,
et. al (1998) show that lack of confidence in nuclear
regulatory agencies leads to negative perceptions
and attitudes toward nuclear energy and reduces
the acceptance of nuclear energy. Katsuya (2011)
demonstrates that trust in utilities and government
has a significant impact on acceptance of nuclear
power regardless of before and after the Fukushima
nuclear accident, Visschers & Siegrist (2013) show
that, before the Fukushima accident, trust is a
crucial factor affecting both perceived risks and
benefits of nuclear energy, However, in the
post—Fukushima era, the relationship between
trust and perceived risks/benefits of nuclear energy

is disappeared,

H8: Trust switches the attitude change from
positive to negative toward nuclear energy after

Fukushima accident,

3) Mass Media Effect

Today, societies highly depend on the media, It
applies to risk judgment about nuclear energy
because, first, if the media reports a risk, many

people suddenly become aware of it and start to worry
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about it, Second, if a risk topic appears in the media
(news), then the risk must be real (Schmidt, 2004).
Moreover, mass media plays a crucial role in
distributing information about issues related to
Fukushima accidents, As most information may
contain negative information, the people with more
contact with mass media would have a negative
attitude toward nuclear energy,

Different media types play different roles in
influencing risk perception, Coleman (1993) shows
that television exposure is related to personal—level
risk perception, while many newspapers do
societal—risk perceptions of voluntary health and
risk issues (e.g. AIDS, heart disease, smoking),
Moreover, Combs & Slovic (1979) show that the
frequency of newspaper, which reported about
causes of death, correlated more closely with
laymen’s estimates than with the actual mortality
statistics, According to Slovic (1993), people trust
the news about more negative event than positive
ones, Those who are anchored to negative images
of nuclear energy have greater confidence in the
negative information about the risk of nuclear

energy,

H9: More exposure to mass media increases the
attitude change from positive to negative toward

nuclear energy after Fukushima accident,

Additionally, we check the impact of not only
exposure to mass media but also kind of mass media
such as TV, radio, newspaper, and internet, Today,
since the internet becomes main source for
information, it could have more influential power

on the attitude change,

4) Country—Level Factor

(1) Operation of Nuclear Power Plant (NPP)

The path dependence has the power to sustain
the existing state of something, The dependence on
nuclear energy gives the benefit to countries:
cheaper energy price and more clean air, Hence, if
the country already depends on the nuclear power,
people in this country will accept the nuclear energy,
Moreover, those who live in the country depending
on the nuclear power do not change the attitude
from acceptance to denial of nuclear energy after
Fukushima accident, Pampel (2011) shows that the
existing nuclear power plants in a country increase
the public support for nuclear energy, Wiegman, et,
al. (1995) indicate that because of a high proportion
of nuclear energy, French people have both high—risk
and benefit perception relatively, compared to Dutch
citizens, According to Wang & Kim (2018), the
dependence on nuclear power, i.e, the share of
nuclear power, amount of energy supply, and net
import of energy, has a positive impact on the
acceptance of nuclear energy at the country level,
According to Kim, ef, al (2013), the country’s level
of dependence on nuclear energy for electricity has
positive impact on the acceptance of nuclear energy,
They show that a country’s acceptance of nuclear
energy is influenced by the number and density of
nuclear power reactors, the proportion of nuclear
energy, and the history of the operating experience
of nuclear power generation, Recently, Nguyen &
Yim (2018) show that people in countries depending
on nuclear power tend to have more approval of
nuclear energy than people in states without that

type of energy.

H10: Dependence on nuclear power decreases the
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attitude change from positive to negative toward

nuclear energy after Fukushima accident,

(2) Distance from Fukushima

Physical state influences the acceptance of
nuclear energy. If people live far away from the
nuclear power station or accident, they do not
perceive the risk about them, Litmanen (1999)
compares the acceptability of people living far away
from nuclear power plants with that of people living
around nuclear power plants, He shows that the
former shows more acceptance of nuclear power
than the latter, In the United States, negative
perceptions of nuclear—related facilities (high—level
radioactive waste repositories) are prevalent among
residents living around nuclear power plants
(Jenkins—Smith & Bassett, 1994). In the case of the
Fukushima accident, Latré, ef, al (2017) demonstrate
that the decrease in support for nuclear energy is
stronger in countries closer to Fukushima, Also,
conditional support for nuclear power in Japan is
dropped from just over 30% in 2007 to only over
20% in 2011 (Poortinga, et. al, 2013).

However, He, et, al (2012) show that respondents
living far away from nuclear facilities have a more
critical attitude toward nuclear power, On the other
hand, Sjoberg (2004) finds that the residents in the
two adjacent areas of the nuclear power plant are
positive about nuclear energy and have low
perceptions of the risks,

In this study, we assume that more distance
from Fukushima would induce fewer changes in

acceptance of nuclear energy,

H11: The longer distance decreases the attitude

change from positive to negative toward nuclear

energy after Fukushima accident,

(8) Quality of environment (EPI: Environmental

performance Index)

Nuclear power 1is environmentally friendly
energy because it does not emit the carbon dioxide,
However, it has been regarded as a risky object to
the environment because of the high possibility of
risk destroying the environment if a nuclear
accident occurs. Ansolabehere & Konisky (2009)
show that perceived environmental harm has a
negative impact on the acceptance of a nuclear
power plant, Moreover, good environment induces
the more environmentalism, Even though there have
been debates over the role of environmentalism, it
has related to the opposition to the nuclear energy,
According to Corner, et, al. (2011), Spence, et, al,
(2010), environmental values have a negative impact
on unconditional support for nuclear power, Kim
& Wang (2018) show that the environmentalism
at the country level negatively influences the
acceptance of nuclear power at the individual level,

Therefore, we hypothesize that the people in the
better quality of the environment will show more
change from acceptance to denial of nuclear energy

after Fukushima accident,

H12: Better quality of environment will increase
the attitude change from positive to negative

toward nuclear energy after Fukushima accident,

(4) GDP

Alhakami & Slovic (1994) argue that higher
income has a negative relationship with the
perceived risk about specific risky objects, Since

higher income increases the education level which
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brings out more knowledge about the benefit of
nuclear energy, finally it reduces the risk
perception of nuclear energy. However, Nguyen &
Yim (2018) demonstrated that GDP per capita has
a negative impact on public acceptance of nuclear
power, Kim, et, al (2013) show that GDP reduces
public acceptance of nuclear energy after the
Fukushima accident, After Wang & Kim (2018) also
research the relationship between GDP and the
“pros and cons” of nuclear energy by people, they
do not find any statistically significant evidence
of an positive effect of GDP on public acceptance
of nuclear energy. Based on the results of previous

empirical studies, we set the following hypothesis,

H13: GDP decreases the attitude change from
positive to negative toward nuclear energy after

Fukushima accident,

To examine the effect of GDP on people’s attitude
change carefully, we consider two types of GDP
variables: GDP per capita and GDP growth rate, GDP
per capita measures the nation’s level of income
while GDP growth rate measures how fast the
economy is growing, We expect these variables to
have associations with the attitude change from

“supporting” to “opposing” nuclear energy.

lll. Data & Measures

1. Data Construction

This study analyzed the survey data based on
36,122 randomly selected people from 47 countries
after Fukushima accident in 2001, This survey was
carried by Gallup International, To make dependent

variable which measures supporting and opposing

about nuclear energy at the individual level, we use
two consecutive questions: First, ask a person
about his/her “supporting” for or “opposing” to
nuclear energy as of today, The person who
participated in the first question is also asked what
was his/her view before the Fukushima accident in
Japan, We compare the responses about these two
questions, If view is changed from “supporting”
to “opposing” after Fukushima accident, one is
coded for respondents who change their views, zero
otherwise, We use this binary variable as the
dependent variable,

Concerning explanatory variables, we consider
sociodemographic, individual perception, types of
mass media as the primary information source,
and country—level variables, First of all, five
sociodemographic variables are employed for our
hypothesis tests such as gender, age, income,
education, and religion, For testing hypothesis 1,
gender is introduced in the empirical test model,
coded one for Male and zero for Female, Age30 is
also derived from Gallup survey to test hypothesis
2 that the old are more reluctant to change their
view from supporting to opposing about nuclear
energy, Age30 is a dummy variable constructed as;
(0)<30 years old, and (1) >31 years old, Income is
included in the model to test hypothesis 3, and in
education hypothesis 4, Education is a dummy variable,
coded one if the respondent was a college graduate
or above, and zero otherwise, Religion is also a
dummy variable to test hypothesis 5, coded as one
if the respondent has faith, and zero otherwise,

Besides, factors influencing individual perception
are included in our hypothesis tests, Knowledge is
introduced in the model to test hypothesis 5, risk

perception hypothesis 6, and trust hypothesis 8,
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Table 1. Descriptive statistics

Variable N Mean SD Min Max
Dependent variable(supporting — opposing) 8485 0.2 0.4 0 1
Individual-level factors
Gender(male=1, female=0) 8485 0.59 0.49 0 1
Age30 8485 0.44 0.5 0 1
Income 8485 2.99 1,34 1 5
Education(1=high education, above college) 8485 0.41 0,49 0 1
Religion 8485 0.84 0.37 0 1
Knowledge 8485 3.9 0.35 1 4
Risk perception 8485 3.01 1.3 1 5
Trust 8485 1.83 0.7 1 3
Source of getting information about Fukushima disaster
v 8485 0.75 0.43 0 1
Radio 8485 0.03 0.18 0 1
Newspaper 8485 0,07 0.25 0 1
Internet 8485 0.13 0.33 0 1
Country—level factors
Number of operating NPP 31 7.84 19,66 0 104
Distance from Fukushima 31 8254 2842 1215 13636
EPI(Environmental Performance Index) 31 51.79 11,48 25.32 68.92
GDP per capita 31 1.69 1.8 0.07 5.03
GDP growth rate 31 3.4 3.2 =71 9.9

Note: SD=Standard deviation

In hypothesis 9, it is assumed that the perceived
risk depends on not only how much exposure to the
media but also what media people are exposed to,
For testing hypothesis 9, four dummy variables are
employed such as TV, Radio, Newspaper, and
Internet, These variables are expected to examine
the effect of media types on people’s changing
attitude from positive to negative toward nuclear
energy after Fukushima accident,

Country—level variables as well as individual
variables play an essential role in changing people’s
view, As predictors at the country level, we consider
the dependence on nuclear energy (i.e, number of
operating nuclear power plant), distance from
Fukushima, quality of the environment (i.e, EPI

(Environmental Performance Indicator)), and GDP,

’

2. Descriptive Statistics

Summary statistics of both individual and
country level factors are presented in (Table 1),
The summary of the dependent variable shows that,
after the Fukushima accident, 20% of interviewees
change his/her opinion on nuclear power from
positive to negative,

(Table 2) presents descriptive information on all
of the explanatory variables, broken down by the
dependent variable, A series of chi—square tests
show that there are significant differences among
groups in gender, income, education, religion,
knowledge, risk perception, and the forms of media
getting information about Fukushima accident,

The lower the income, the lower the education
level, the more religious, women rather than men,

change the attitude from positive to negative
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Table 2. Characteristics of variables

Variable Change attitude Not change attitudes x 2
Female = 0 830(24%) 2626(76%)
Gender —
Male = 1 837(17%) 4192(83%) 70.5
Age < 30 926(19%) 3868(81%)
Age30
Age ) 30 741(20%) 2950(80%) 0.8
< 20% 273(20%) 1083(80%)
20-40% 455(23%) 1531(77%) 357"
Income 40-60% 441(21%) 1669(79%)
60-80% 235(16%) 1196(84%)
> 80% 263(16%) 1339(84%)
lower than college graduate 1060(21%) 3951(79%)
Education -
above college graduate 607(17%) 2867(83%) 17.6
No Religion 175(13%) 1196(87%)
Religion -
Have religion 1492 5622(79%) 491
Lower level 8(53%) 7(47%)
Knowledge Middle level 25(34%) 49(66%) 273"
Higher level 159(23%) 523(77%)
1(very low) 148(11%) 1210(89%)
2 274(16%) 1406(84%) 117.2™
Risk perception 3 503(22%) 1821(78%)
4 415(24%) 1311(76%)
5(very high) 327(23%) 1070(77%)
1(low) 672(22%) 2325(78%)
Trust 2 697(18%) 3267(82%) 253"
3(high) 298(20%) 1226(80%)
v 0(No) 378(18%) 1748(82%)
1(Yes) 1289(20%) 5070(80%) 6.3"
0(No) 1614(20%) 6581(80%)
Radio
1(Yes) 53(18%) 237(82%) 0.4
0(No) 1561(20%) 6372(80%)
Newspaper
1(Yes) 106(19%) 446(81%) 0.1
0(No) 1488(20%) 5909(80%)
Internet -
1(Yes 179(16%) 909(84%) 8.1

Note: * ** and, *** are 10%.,,

)

toward nuclear power, The lower the level of

5%, and 1% levels of significance, respectively,

IV. Empirical Methodology

knowledge and trust and the higher the perceived

risk increase the negative attitude toward nuclear
power, The more the TV application and the less

the internet raise the negative—oriented attitude

change,

There are very few studies that cover both
individual— and country—level variables, However,
an individual's moving from “supporting” to
“opposing” nuclear energy depends not only on the
individual—level variables but also on more structural—

related factors such as group, organization, and
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country, Paxton and Knack (2008) argue that, since
previous research remains at the individual level,
it does not consider the broader social and
institutional structures in which public opinion is
embedded, It is self—evident that any research
focusing only on unilateral effect suffers from
difficulty in explaining the contradictory findings,
Various studies suggest that structural factors at
the country level affect individual attitudes and
need to be considered as explanatory ones,
Considering the importance of structural factors
in individual attitude, we adopt multilevel modeling
that analyzes how both individual and country level
factors influence his/her moving from “supporting”
to “opposing” nuclear energy. Since the design of
the present study assumes that the country level
factors affect individuals who live in the country
in question, an analytical method is necessary to
demonstrate the country—level effects beyond any
individual factors, Hierarchical linear modeling
(henceforth, HLM) is a useful estimation method
when analyzing data collected from various
countries, To investigate the effects of both
individual and country level variables on the
dependent variable, we employe the HLM method,
which is expected to control the country level
effects on individuals (Raudenbush & Bryk, 2002),
To examine what factors influence an individual’s
moving from “supporting” to “opposing” nuclear
energy, we use a logit model, Following equation
is a logit model using HLM approach, All individual
and country level variables are recomputed by
subtracting the grand mean from every score to

interpret the interception for all variables,

{Model 1 : Unconditional model)
Level 1 : loglp /(1—¢ )] = B o

L6V612:ﬁ0j:yoo+uoj

(Model 2 : Unconditional slope model)
Level 1 : loglp /(1—¢ )] = B o; + B Gender+ S
9iAge30 + B sIncome + ( sEducation +
B siReligion + § ¢Knowledge + § 7Risk
Perception + f gTrust+ TV + 8
wRadio + § yNewspaper + 8 gjlnternet
Level 2 1 B4 =7 q + uy (q=0,1, =+, 12)
{(Model 3 : Conditional model)
Level 1 : loglp /(1—¢ )] = B oj + B 1jGender+ S
9iAge30 + B siIncome + ( sEducation +
B siReligion + ( ¢Knowledge +  7Risk
Perception + f§ gTrust+ (8 oTV +
ijRadio  + B yNewspaper + f
wilnternet
Level 2 1 8o =7 oo + ¥ aNumber of operating
NPP + y p2Distance from Fukushima +
v osEnvironmental performance index
+y oPer Capita GDP + y 0sGDP growth
rate + uy;
B4 =7 (@=1,234, and g=9,10,11,12),

sy Ty

Ba=7a T ug (9=5,6,7,8)

V. Analysis and Findings

The unconditional model in (Table 3), that is
Model 1, analyzes the change of his/her support
the nuclear energy without independent variable,
If we analyze the variance of level 2 through the
unconditional model, we could confirm how much the
other independent variables have explanatory power

in the subsequent model, In (Table 3), the result of
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Table 3 : Multilevel analysis of moving from supporting nuclear power to opposing it

Unconditional model(Model 1) | Unconditional slope model(Model 2) | Conditional model(Model 3)

Variable Coef, S.E. Odds Coef, Odds Coef, Odds

Intercept -1,243 10,1147 | 0,288 | -1.406 0,245 | -1,348 0,260

Gender -0.277 0.758 | -0.306 0.736

Age 30 0,027 1.028 | 0.055 1,057

Income -0.015 0.985 | -0,023 0.978

Education -0.120 0.887 | -0.139 0.871

Individual Religion 0.341 1,407 | 0,419 1,520
~level Knowledge -0.095 0.910 | -0.116 0.890
factors | pisk perception 0.133 1,143 0.187 1.206
Trust -0.075 0.927 | -0.100 0.905

TV 0.193 1213 | -0.016 0,984

Radio 0.070 1.073 | -0,217 0.805

Newspaper 0,237 1,267 -0.001 0,999

Internet 0.145 1,156 | 0.0120 1,012

Oé)fr;;i;n 0,006 0,002 | 0,994
D?ﬁiiiiizm 0.000 | 0,000 | 1.000

Cof\l:zy 1 Quality of 0,016 | 0.012 | 0,984

factors Environment(EPI)

GDPL: 53‘1; capita 0.134 | 0,055 | 1143

gGr]zféL (iaDti 0.015 | 0,030 | 1.015

Random effect SD 6° x? SD 6’ x SD 62 x '’
Level2, u, 0.680 | 0.462 | 378,656 | 0.872 0.761 16,849 | 0.360 | 0.130 | 21.484"

IcC 0.123 0.188 0.038

Note: 1, ***p{ 01, **p{ 05, *p{.1

2. NPP=Nuclear power plant, SD=Standard deviation, S E =Standard error

Model 1 shows that the mean of the odds ratio is
—-1.243, implying that an
0.224=(exp(-1,243)/(1+exp(-1,243))

individual has a
chance of
reversing the affirmative opinion on the use of
nuclear power,

In Model 1, the variance of level 2 denotes
whether or not country—level variables are useful
to be included in the estimated model, The variance
of level 2 is statistically significant (x = 378,656,
p<.01) so that country—level factors need to be
considered in the model, In addition, the intraclass
correlation coefficient (ICC) of the HLM model is
0.123=(.761/(.761+1 */3)), that

implying the

variability in “changing his view from positive to
negative” could be found between countries by 12,3
percent, It is worthy to note that there is no rule
for what ICC would make HLM necessary, However,
values higher than 0,05 may be sufficient (Heck
& Thomas, 2009).

In Model 2, we include various individual—level
variables to explain his/her reversing the positive
opinion on nuclear power, Above all, the intraclass
correlation is calculated first, The ICC of the HLM
model is 0,188, implying that the differences of
country—level characteristics explain 18,8% of the

variation of reversing his/her opinion, Since the
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value of ICC is high in Model 2, it is reasonable
for us to employ the HLM method by including
country—level factors, Following country—level
factors are considered in Model 3: the number of
operating nuclear power plant in the country, physical
distance from Fukushima, EPI (Environmental
Performance Indicator), GDP per capita, and GDP
growth rate,

The ICC of Model 3 is 0,038, which is much less
than that the value based on Model 2, The change
of ICC — including country—level factors lowers the
ICC — leads us to focus on the results of Model 3
rather than those of Model 2, Moreover, since the
coefficients of variables in Model 2 are similar to
those in Model 3, it will be better for us to interpret
the results of Model 3 instead of interpreting both
results of Model 1 and Model 2.

In Model 3, variables at the individual level
include demographic characteristics (gender, age,
income, education, religion); knowledge and risk
perception (knowledge about nuclear power,
nuclear risk perception, and trust in nuclear
power); and media source of getting information
on Fukushima disaster, Gender is statistically
significant (3 = —.306, p { .01), denoting women
perceive the risk object as more dangerous than
men do, The education dummy variable is also
statistically significant (3 = —.139, p < .05). This
result is consistent with the findings from previous
studies (Cha, 2004), Similar to research on risk
perception, those with high levels of education are
more reluctant to reverse their positive opinion on
the use of nuclear than those who are not, Religion
has statistically significant influences on changing
his/her opinion, too, Persons with religion are more

likely to move from “supporting” to “opposing”

nuclear power than any of the others with no
religion,

We hypothesize that more highly perceived risk
about nuclear power increases the attitude change
from positive to negative one after Fukushima
disaster, The statistical significance of risk
perception (8 = .187) is consistent with our
hypothesis so that persons with highly perceived
risk are apt to move from “supporting” to
“opposing” nuclear energy after the Fukushima
accident, The coefficient of trust is —, 100 and
statistically significant at 5 percent level, It seems
that trust in nuclear energy lowers the perceived
risk to it, which makes people reluctant to change
their views on nuclear energy.

Both age and income variables are statistically
insignificant, implying that age and income have no
substantial effect on his/her reversing the favorable
opinion on the use of nuclear energy. Besides, four
media variables — including TV, radio, newspaper,
and internet — do not show any significance so that
the sources of getting information do not matter for
his/her moving from “supporting” to “opposing”
nuclear energy,

Concerning country—level variables, five
variables are included at level 2. the number of
operating nuclear power plant, physical distance
from Fukushima, and quality of environment
estimated by EPI (Environmental Performance
Indicator), GDP per capita, and GDP growth rate,
Among the five country—level variables, both the
number of operating the nuclear power plant and
GDP per capita are statistically significant, It
means that people living in a country with high
levels of GDP are more apt to move from supporting

nuclear power to opposing it than a country with
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a lower level, However, unlike the effect of GDP
per capita, the coefficient of “the number of
operating nuclear plant” shows a negative sign
(-.016), indicating the probability to change
his/her view is lesser for people living in a country
with a large number of nuclear plants, It is
interpreted that, people living in countries with
many nuclear power plants have been accustomed
to nuclear power so that they do not change their

views on nuclear energy easily,

V. Conclusion and Implication

This study aims to analyze the determinants of
attitude change after the Fukushima nuclear
accident, Since the attitude change was influenced
not only by the individual dimension variables but
also by the contextual dimension variables, we
investigate the relationship between attitude
change and individual as well as societal variables
with the HLM method, For this work, we adopt the
attitude change from positive to negative as
predicted variables while the socio—demographic
variables, knowledge, risk perception, trust, mass
media at the individual level and operation of NPP,
distance from Fukushima, quality of environment,
and GDP at the country level as predictors,

In general, empirical test results show that
people change their views on nuclear energy, from
positive to negative, due to both individual and
country level factors, Influential individual—level
factors are gender, education level, religion, risk
perception, and trust, The analysis shows the
findings as follows:

First, men rather than women or highly educated

persons are more reluctant to move their view from

“supporting” to “opposing” nuclear energy after the
Japanese Fukushima disaster, In addition, people
with trust in government’s controlling risky
facilities also hesitate to change their perception
from “supporting” to “opposing them.” However,
persons who have a high level of risk perception
or persons with religion are apt to change their
opinion from positive to negative,

Second, it is also found that country—level
factors, such as GDP per capita and the number
of operating nuclear plant, are crucial ones giving
influences on public opinion from positive to a
negative attitude toward nuclear power,

Based upon the empirical findings a few
important implication can be summarized as
follows: First, there is a change in attitude after
the Fukushima nuclear accident, Second, such an
attitude change 1is influenced not only by
individual—level variables but also by country level
variables, Third, the causal variable’'s impact on
attitude change is also variant, At the individual
level, religion and perceived risk have a decisive
influence on attitude change whereas GDP per
capita has an impact on the attitude change at the
country level,

This study is meaningful in the sense that it
systematically analyze the degree of attitude change
after Fukushima nuclear accident and its cause,
However, there are some limitations in this study
as well, First, since secondary data are used for the
study, the key variables, often used at the individual
level, are omitted, Second, although various
variables affect the attitude change at the national
level, our study adopt only five variables, In the
follow—up study, it needs to analyze additional

variables which were not adopted in this study,
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