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Background: This foundational study on educational interventions aimed to analyze the 
changes in awareness, knowledge, and attitudes of young learners after they received objective 
information on safety management.

Materials and Methods: Educational sessions on nuclear power and radiation safety were de-
livered to 4,934 Korean elementary, middle, and high school students in two separate sessions 
conducted in 2016 and 2017. The effects of these interventions were subsequently analyzed.

Results and Discussion: Learner attitudes toward safety were found to be the predominant 
variables affecting the post-intervention risk (safety) awareness of nuclear power generation.

Conclusion: The safety awareness of future generations will significantly influence policy deci-
sions on nuclear power generation. Hence, the design of educational interventions on this sub-
ject must match variables suited to learner levels.
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Introduction

For South Korea, it is crucial to expand nuclear power and utilize radiation as an en-

ergy source in accordance with the Climate Change Convention, energy security con-

cerns, and overall national welfare. Despite the politico-economic importance and the 

socio-cultural ripple effect which surrounds nuclear power, insufficient public com-

munication and awareness has led to extreme levels of conflict and misunderstand-

ings. Furthermore, awareness and attitudes toward nuclear power being discussed are 

not limited to vague fears, evolving into complaints, anxiety, and uncertainties about 

nuclear power policies [1]. Since the nuclear power plant accident in Fukushima, Ja-

pan, negative public awareness has further increased [2–6]. The risk awareness regard-

ing nuclear energy is characterized by insufficient coordination after cognitive anchor-

ing and accidental fixation by strong and negative images such as those from the Fuku-

shima nuclear power plant accident, and the public risk awareness regarding nuclear 

technology and facilities is more affected [7, 8]. Studies have shown that public aware-

ness and acceptance of nuclear risks are influenced more politically and emotionally 

than by scientific and technical assessments [9]. Despite the importance of citizen 

awareness and attitude in the promotion and decision-making process connected to 
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nuclear policy, negative media reports on the safety of nucle-

ar power generation in South Korea and numerous undesir-

able media practices have led to a serious loss of confidence 

in the safety of nuclear power generation. Thus, a sufficient 

and reliable information and communication system is more 

urgent than the actual safety of nuclear power on various 

analyses and remedies on the various signs of nuclear pow-

er-plant risks. Furthermore, the system and efforts of media 

reports rendering knowledge on the safety of nuclear power 

generation needs to be more accessible to citizens. If non-

governmental organizations do not receive enough informa-

tion, they could contribute to the creation of a vaguely nega-

tive image on the operation and accidents with regards to 

nuclear power plants, with no concrete grounds, which can 

lead to opposition with regards to the construction and op-

eration of nuclear power plants [10, 11]. Such extreme con-

flicts over nuclear power in South Korea have been ultimate-

ly reflected in nuclear policy decisions. The need for safety 

education for elementary, middle, and high school students 

vulnerable to disasters has been recognized after experienc-

ing the Fukushima nuclear power plant accident, due to the 

Great East Japan Earthquake in 2011, and the 304 deaths 

which occurred upon the Sinking of MV Sewol in South Ko-

rea in 2014. Particularly, because students have had little 

chance to learn about nuclear power and radiation during 

the formal education process, most of the information on 

this topic is likely to be obtained through media reports and 

rumors after the Fukushima nuclear accident. Consequently, 

students are in a situation prone to chaos due to groundless 

anxiety and being subjected to massive amounts of unfil-

tered negative information [12]. In summary, nuclear policy 

has faced various challenges not only in terms of policy, con-

sumers’ understanding, consensus, acceptance, and satis-

faction, but also in terms of valued judgments for future gen-

erations. The development of science and technology, such 

as nuclear power generation, can lead to various social and 

ethical issues (socio-scientific issues) for general citizens. In 

this regard, science education researchers have emphasized 

the development of the ability to accurately evaluate and ra-

tionally cope with various socio-scientific issues based on 

the understanding of science and technology [13–16]. Due to 

the fact that, adults have difficulties in perceiving change 

through education, separate policy intervention is required. 

Furthermore, before failures in securing social acceptance 

are realized, due to the ignorance of nuclear power and radi-

ation which continues to lead to erroneous political influ-

ences, proper education should facilitate the inculcation of 

proper value judgments for future generations by providing 

accurate information and education at educational insti-

tutes. Hence, this study is aimed at inculcating proper value 

judgments to elementary, middle, and high school students 

by providing these students, which the ripple effect of com-

munication and education would be the highest among the 

general public, with information on safety management re-

garding nuclear power generation and radiation, as well as 

governmental safety regulations. As a foundational study for 

educational intervention, this study is further aimed at ana-

lyzing changes in awareness, knowledge, and the attitudes of 

future generations in providing objective information on 

safety and safety management. The aforementioned is the 

primary reason for opposition regarding the acceptance of 

nuclear power generation and radiation within educational 

programs, and proposals related to an intervention strategy.

Materials and Methods

The educational design was based on the data developed 

by Han and her colleagues [17, 18]. Furthermore, after the 

Fukushima nuclear power plant accident, a change in edu-

cation policy in Japan was considered. Idate Village (飯館村), 

where all the residents were evacuated due to the accident at 

the Fukushima nuclear power plant, set up the goal that 

“people should be able to accurately understand radiation 

properties and their dangers, and to have basic knowledge to 

ensure a safe life for a lifetime as well as appropriate actions” 

to ease the extreme anxiety and to develop the abilities of 

children to cope with and respond to low radiation doses 

throughout their lifetime in relation to the evacuation area, 

village decontamination area, and surrounding village [12]. 

Furthermore, although the lack of understanding on radia-

tion increased anxiety levels, which was pointed out imme-

diately after the accident, unilaterally injecting knowledge 

into the minds of residents cannot solve the problem. Thus, 

this study was designed considering that interest was height-

ened through direct experiences, such as radiation measure-

ment and related activities, in an attempt to deepen various 

understandings [19]. As an educational method, theoretical 

classes, such as discussion and student presentations, were 

held in the classroom for one hour after the lectures by the 

experts and the science teachers, and in the practice, a radia-

tion dose detector was used at various places in the school 

and natural radiation measurement was performed for one 
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hour. The contents of the lectures covered the safety manage-

ment of nuclear power generation and radiation, governmen-

tal safety regulations for nuclear power generation, accidents, 

and responses to nuclear power plant disasters. All lectures 

lasted 2 hours and the content was the same in elementary, 

middle, and high schools. The education program implemen-

tation and survey were divided into 2016 and 2017. The first 

was from June to December 2016, and the second was from 

June to December 2017. The subjects were 4,934 elementary, 

middle, and high school students from 100 Korean schools. 

The questionnaire consisted of six questions regarding atti-

tudes about using radiation, four questions about the experi-

ence of using radiation, four questions about the pros and 

cons of nuclear energy, five questions regarding recognition 

(necessity, safety, interest, information acquisition, knowl-

edge), 17 questions based on objective knowledge, and three 

questions concerning general personal characteristics. The 

objective knowledge consisted of general knowledge of radia-

tion and nuclear power (Q1. Radiation is everywhere in the 

sun, at the playground, in the classroom; Q2. Korea is operat-

ing nuclear power plants; Q3. Nuclear power is a method of 

energy production; Q4. Residents near nuclear power plants 

receive more radiation exposure than other regions; Q5. The 

United States, Canada, France, and Germany operate nuclear 

power plants), medical radiation (Q6. Radiation used in hos-

pitals is not dangerous; Q7. The radiation used for diagnosis 

and cancer treatment is harmless to the human body; Q8. 

Radiation doses received from medical devices in hospitals 

are lower than those received from nuclear power plants; 

Q9. Radiation is used in hospitals to diagnose and treat ill-

ness; Q10. In developed countries, radiation is also used to 

diagnose and treat illness), radiation in irradiated food (Q11. 

Irradiated food is contaminated with radioactive materials; 

Q12. Irradiated foods emit radiation from food; Q13. Irradia-

tion is a method of food storage and part of processing tech-

nology; Q14. Radiation is permitted for Korean red pepper 

paste, miso, and soy sauce powder; Q15. Internationally, po-

tatoes and wheat and wheat are allowed to be irradiated), 

and safety regulation (Q16. Radiation users and nuclear 

power plants are managed by the government; Q17. Artificial 

radiation cannot be used anywhere without government 

permission). The survey was conducted before and after ed-

ucation, respectively. Male student participants were 1,404 

(53.1%) in 2016, and 1,134 (49.5%) in 2017, and female stu-

dent participants were 1,241 (46.9%) in 2016 and 1,155 

(50.5%) in 2017. Students who had previously received train-

ing on nuclear power or radiation consisted of 258 (9.8%) in 

2016, and 288 (12.6%) in 2017, which were much fewer than 

the students who had no educational experience, consisting 

of 1,966 (74.9%) in 2016, and 1,625 (71.3%) in 2017 (Table 1). 

The questionnaire, based on the traditional learning model, 

consisted of awareness, knowledge, and attitude concerning 

nuclear power generation and radiation safety, and the three 

categories of radiation usage were nuclear power generation, 

medical radiation, and irradiated food. Statistical analysis 

was performed by using SPSS version 15 for Window (SPSS 

Inc., Chicago, IL, USA) for frequency and percentage, mean 

and standard deviation, t-test, and regression analysis.

Results and Discussion

1. �Educational Effect Concerning Nuclear Power 
Generation and Radiation Safety and Regulations by 
School Level

The knowledge and attitude levels regarding nuclear pow-

Table 1. Survey Subjects 

Item 2016 2017a)

Gender
   Men 1,404 (53.1) 1,134 (49.5)
   Women 1,241 (46.9) 1,155 (50.5)
   Total 2,645 (100) 2,289 (100)
Experience and education regarding 

nuclear power and radiation
   Yes 258 (9.8) 288 (12.6)
   No 1,966 (74.9) 1,625 (71.3)
   Do not know 400 (15.2) 366 (16.1)
   Total 2,624 (100) 2,279 (100)

Values are presented as number of students with percentage in parenthe-
ses.
a)Year 2017 was the period that denuclearization policy was truly realized in 
Korea. This research was conducted to analyze the effects that will appear 
in educational sites before and after societal changes regarding viewpoints 
regarding nuclear policy were evident. A mock voting was performed re-
garding nuclear power plant construction in South Korea before and after 
education on the topic. The results were based on decisions by the stu-
dents using their own discretion, and the students who voted against the 
construction provided the reasons for the opposition. The categories in-
cluded “Dangerous”, “Inappropriate to South Korea”, “Not preferring nu-
clear power generation”, “Unnecessary”, and “Others”. Despite the oppo-
sition among most expert groups, South Korea has suddenly moved away 
from the nuclear power plant expansion policy into nuclear power plant re-
duction policy, facing huge economic losses and energy security threats. 
This confusion could be explained by Girondi [20] and Eiser and van der 
Pligt [21] assertion that because the energy problem is a complexity involv-
ing social, political, and technological factors, the public support in social 
and political terms together with basic problems is an important factor in 
solving the energy problem. For South Korea, which must continuously 
use nuclear energy for national energy security and economic growth, it 
has become most important to promote the social acceptability of nuclear 
power [22]. 
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er generation and radiation safety in 2016 and 2017 were sig-

nificantly higher following educational awareness compared 

to before educational awareness. However, in 2017, the level 

of awareness on safety was lower in elementary and middle 

school students after education. Awareness regarding the 

need for nuclear power generation and radiation changed 

upward in 2016, while declining in 2017 (Table 2). Although 

it is difficult to find the causes of objective relevance within 

the same educational program, which shows the opposite 

results on the changes in awareness between 2016 and 2017, 

media reports and political influence concerning the new 

President’s Declaration of Denuclearization in the first half 

of 2017, could have influenced the students. In this regard, it 

can be interpreted that the adverse effect of education with 

regards to safety awareness suggests that students are strong-

ly influenced more by the social environment than by the 

educational environment. This observation can be explained 

by the theory that the problem related to human awareness 

is subject to the collective culture of the society as a whole, or 

its organizational properties [23]. Experts perceive risk 

through technical rationale based on statistical data, while 

the public perceives risk by subjective judgment, such as an 

individual subjective experience, knowledge, or habits [24, 

25]. According to Sjoberg [26], experts perceive the risks of 

science and technology as trivial, while the risk level is much 

higher in public perception. Thus, communication strategies 

based on public awareness patterns and pedagogical under-

standing, should be provided in classroom instructions.

 

2. �Educational Effect Concerning Safety and 
Regulation of Nuclear Power Generation and 
Radiation by Gender

In 2016 and 2017, male students before and after the edu-

cational influence showed a higher level of awareness than 

female students regarding the need for nuclear power gener-

ation and radiation use, safety awareness, objective knowl-

edge, and safety attitudes. There could be differences be-

tween male and female emotions in socio-economic cir-

cumstances in each country. Female students in South Korea 

showed a lower level of awareness, knowledge, and attitude 

about nuclear power than those of male students, which 

suggests that the education should be designed to consider 

gender differences, and further in-depth studies on the 

mechanism of the difference are necessary (Table 3).
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3. Mock Voting on Nuclear Power Plant Construction
In 2016 and 2017, the number of students who agreed to 

build a nuclear power plant in South Korea was higher after 

educational influence than before the education influence. 

The proportion of students opposed to the construction of 

nuclear power plants were mostly due to the reason of it be-

ing “dangerous” before and after education in 2016 was 84.1% 

and 70.9% as well as before and after education in 2017 was 

80.0% and 75.6%. Following educational awareness, the per-

centage of voters opposed due to it being “dangerous” be-

came lower than that before education awareness. The rea-

son “unnecessary” scored as low as 6%, which suggests that 

nuclear power generation policy prioritizes risk as a necessi-

ty. That suggestion should be interpreted as providing infor-

mation on the necessity for nuclear power does not have a 

high educational effect on the nuclear power expert group. 

Rather, it is necessary to treat safety issues more seriously 

(Table 4).

4. �Factors Affecting Safety Awareness on Nuclear 
Power Generation and Radiation

To find the main variables affecting the risk (safety) aware-

Table 3. Educational Effect Concerning Safety and Regulation of Nuclear Power Generation and Radiation by Gender

Division

2016 2017

Before education After education Before education After education

M±SD t (p) M±SD t (p) M±SD t (p) M±SD t (p)

Awareness
   Necessity
      Male 4.04±0.97 3.579 (0.000)*** 4.21±0.90 8.814 (0.000)*** 4.13±0.91 4.226 (0.000)*** 4.10±0.94 6.863 (0.000)***
      Female 3.91±0.84 3.91±0.88 3.97±0.84 3.84±0.87
   Safety
      Male 3.54±1.17 6.300 (0.000)*** 3.66±1.15 9.075 (0.000)*** 3.62±1.17 5.227 (0.000)*** 3.51±1.16 5.404 (0.000)***
      Female 3.28±1.03 3.27±1.03 3.38±1.02 3.26±1.02
Objective knowledge
   Male 0.46±0.25 5.988 (0.000)*** 0.63±0.24 4.135 (0.000)*** 0.47±0.24 9.496 (0.000)*** 0.62±0.22 6.194 (0.000)***
   Female 0.40±0.23 0.60±0.24 0.38±0.23 0.56±0.23
Attitude
   Male 2.05±1.42 7.525 (0.000)*** 3.25±1.74 6.406 (0.000)*** 2.10±1.37 7.989 (0.000)*** 3.07±1.69 3.474 (0.001)**
   Female 1.66±1.21 2.83±1.62 1.65±1.25 2.83±1.63

The ratio of female to male students is not significant, with 2,396 (48.56%) female students and 2,538 (51.43%) male students.
M, mean; SD, standard deviation.
**p<0.05, ***p<0.001.

Table 4. Mock Voting on Nuclear Power Plant Construction

Division
2016 2017

Before education After education Before education After education

Opinion on nuclear power plant construction in South Korea
   For 1,094 (53.4) 1,460 (68.6) 833 (51.3) 1,141 (66.0)
   Against 954 (46.6) 669 (31.4) 792 (48.7) 589 (34.0)
   Total 2,048 (100) 2,129 (100) 1,625 (100) 1,730 (100)
Reasons for opposition
   Dangerous 841 (84.1) 513 (70.9) 730 (80.0) 498 (75.6)
   Inappropriate 100 (9.06) 80 (11.0) 71 (7.8) 67 (10.2)
   Not preferring 70 (6.3) 51 (7.0) 48 (5.3) 37 (5.6)
   Others 53 (4.8) 39 (5.4) 39 (4.3) 20 (3.0)
   Unnecessary 39 (3.5) 41 (5.6) 25 (2.7) 37 (5.6)
   Total 1,103 (100) 724 (100) 913 (100) 659 (100)

Values are presented as number of students with percentage in parentheses.
A mock voting was performed regarding nuclear power plant construction in South Korea before and after education on the topic. The results were based 
on decisions by the students using their own discretion, and the students who voted against the construction provided the reasons for the opposition. The 
categories included “Dangerous”, “Inappropriate to South Korea”, “Not preferring nuclear power generation”, “Unnecessary”, and “Others”. 
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ness in relation to nuclear power generation, which is the 

main reason for future generations’ opposition to nuclear 

power, a multiple linear regression analysis was performed 

by setting safety awareness as a dependent variable, and 

knowledge on radiation field use (nuclear power generation, 

medical radiation, and irradiated food), food choice attitude, 

and medical radiation choice attitude, as independent vari-

ables (Table 5). Consequently, nuclear safety attitude was the 

most influential factor in 2017, unlike that in 2016. Even after 

education on this topic, nuclear safety attitude was the most 

influential, which is understandable as security was the main 

reason behind the opposition to nuclear power. To change 

attitudes, it is often necessary to consider that public aware-

ness on the topic of science and technology is made in an 

emotion-based empirical framework [27]. Finucane et al. [28] 

also showed that emotions play a crucial role in the type of 

Table 5. Factors Affecting Safety Awareness on Nuclear Power Generation and Radiation

Division B Standard error β t

2016 Before education (Constant) -0.138 0.032 - -4.238
Necessity awareness 0.002 0.009 0.004 0.195
Safety awareness 0.081 0.007 0.239 11.471***
Nuclear safety knowledge -0.001 0.033 -0.001 -0.024
Medical radiation knowledge -0.122 0.028 -0.106 -4.339***
Irradiated food knowledge 0.045 0.028 0.035 1.605
Safety knowledge 0.046 0.018 0.056 2.514*
Irradiated food attitude 0.187 0.019 0.193 9.972***
Medical radiation attitude 0.103 0.018 0.118 5.876***

F=55.918***, R2 =0.150
After education (Constant) -0.405 0.037 - -10.871

Necessity awareness -0.010 0.011 -0.018 -0.847
Safety awareness 0.186 0.009 0.437 21.109***
Nuclear safety knowledge 0.008 0.042 0.004 0.196
Medical radiation knowledge -0.032 0.031 -0.020 -1.039
Irradiated food knowledge 0.092 0.028 0.068 3.246**
Safety knowledge 0.058 0.023 0.050 2.535*
Irradiated food attitude 0.135 0.018 0.140 7.452***
Medical radiation attitude 0.201 0.024 0.159 8.521***

F=192.156***, R2 =0.376
2017 Before education (Constant) 3.129 0.055 - 56.626

Nuclear safety knowledge 0.008 0.021 0.009 0.363
Medical radiation knowledge -0.011 0.018 -0.016 -0.621
Irradiated food knowledge 0.024 0.018 0.031 1.335
Safety knowledge -0.010 0.030 -0.008 -0.350
Irradiated food attitude 0.120 0.030 0.085 4.010**
Medical radiation attitude 0.082 0.028 0.065 2.982*
Nuclear safety attitude 0.401 0.030 0.280 13.455**

F=37.884**, R2 =0.108
After education (Constant) 2.501 0.070 - 35.571

Nuclear safety knowledge 0.056 0.021 0.057 2.633**
Medical radiation knowledge -0.051 0.016 -0.066 -3.213**
Irradiated food knowledge 0.042 0.015 0.065 2.840**
Safety knowledge -0.001 0.028 -0.001 -0.028
Irradiated food attitude 0.218 0.023 0.192 9.286**
Medical radiation attitude 0.005 0.030 0.004 0.178
Nuclear safety attitude 0.495 0.023 0.418 21.130**

F=79.284**, R2 =0.201

Knowledge within each field (nuclear energy, medical radiation, and irradiated food), is judged by the level of objective knowledge, meaning that an individ-
ual has a high level of knowledge in this respect. Necessity and safety awareness mean that nuclear power generation is necessary or safe. Attitude relates 
to the choice of using nuclear power generation or radiation. Safety attitude had the greatest influence on safety awareness. This is because it recognizes 
that it is not safe to make the choice to do something which could be potentially harmful. In the end, a program is needed to induce attitudes rather than 
knowledge in the educational design utilized by students.
*p<0.05, **p<0.01, ***p<0.001.
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judgment regarding risks and benefits because various fac-

tors, such as emotions, experiences, socio-cultural environ-

ment, and values, are more important in human judgment 

[29–31]. According to Slovic [32], experts perform an assess-

ment with a revealed preference that determines risk accep-

tance through a technological approach, and the public per-

forms an assessment with an expressed preference that de-

termines risk acceptance through individual awareness to 

construct the risk awareness. Therefore, education should be 

designed not only in a way to provide objective knowledge 

but also to consider cultural changes based on emotion. It 

should be considered that the public awareness of science 

and technology occurs in an emotion-based empirical 

framework rather than a knowledge-based one [33].

Conclusion

In the face of the nuclear communication problem, the 

type and method of conveying the message is the most basic 

consideration for effective and efficient communication poli-

cies [34, 35]. Nevertheless, it is no exaggeration to say that 

communications have failed in South Korea because to date, 

unilateral education has been provided on nuclear power 

communication targeting the general public. While some 

studies on nuclear power have examined the close correla-

tion between the degree of knowledge and the awareness of 

nuclear power [36], behavioral intentions of human beings 

leads to behavior [37], and behavioral intentions are strongly 

linked to behavior [33], necessitating the understanding of 

public intentions on changes related to nuclear power re-

duction policies. In the theory of reasoned action, Ajzen [38] 

argues that humans use their own information as much as 

possible before an action by considering the benefits and 

disadvantages from the consequences of that action. Typi-

cally, the greater the benefits are from nuclear power, the 

higher is the awareness (or acceptability) level regarding nu-

clear power [39, 40]. Because various factors such as emo-

tion, experience, socio-cultural environment, and general 

values play a more important role in human judgment [31, 

41], it is necessary to help people make rational decisions by 

providing varied forms of information. Basically, the general 

public’s attitude change on nuclear power could vary within 

each country [42, 43], and public attitudes on science vary 

according to the level of knowledge involved. As knowledge 

accumulates, rational decisions are better facilitated [44]. 

Thus, it is necessary to provide balanced information on nu-

clear power in any form of available education. Because in-

dividual awareness determines individual risk acceptance 

[45, 46], an educational approach based on emotion is re-

quired henceforth. Furthermore, because the safety aware-

ness of future generations will have a significant influence on 

the policy decisions surrounding nuclear power generation, 

education needs to be designed to match safety variables 

suitable to a student’s level. It is well known that more con-

sideration and concentration on learners leads to efficient 

education [47]. Thus, the question of safety attitude, which is 

a view on safety issues, is emphasized as an important indi-

cator of safety culture [48, 49]. The instituted procedures in-

corporate safety regulations and procedures as the central 

conceptual elements of the safety atmosphere, and such in-

stituted procedures should be considered as an organiza-

tional variable that has a decisive influence on the outcome 

of individual safety behavior [49]. Dealing with regulations 

on safety and safety management based on emotions will 

produce educational effects which facilitate judicious deci-

sions regarding nuclear power generation and radiation 

safety by primary, middle, and high school students in South 

Korea.
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