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Abstract: Nuclear power remains one of the most accessible choices in addressing 
environmental and social concerns due to the continuously increasing energy needs 
around the world. While it remains an excellent source of energy due to its low price 
and low level of emissions, potential accidents remain a serious problem. An example of 
such is the most recent accident in the Fukushima Daiichi Nuclear Power Plant (2011), 
which reminded the world of the potential risks of nuclear energy and the consequences 
of which continue to have a lasting effect. There is no nuclear power plant in Serbia, but 
there are about 15 nuclear power stations scattered within its neighboring countries. 
Therefore, the Serbian Government decided to study how the Serbian public perceives 
the risks related to the potential construction of nuclear power stations in the country, 
nuclear energy in general, and its possible benefits and risks. The objective of this paper 
is to present the results of this assessment along with a literature overview on the 
(environmental) risk of nuclear power. A pilot study consisted of a series of 270 
randomized face-to-face interviews that took place in the public square of Belgrade in 
March 2019. Logistic regression was used to examine the cumulative effects of the 
different risk factors. The results showed that the majority of the respondents are 
skeptical and do not support the construction of nuclear power stations in Serbia. 
Furthermore, this research identified several additional important correlations that have 
a significant impact on the public perception of risk. 
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1. Introduction 
Global electricity consumption is projected to increase faster than the estimated 

overall global energy demand [1]. Therefore, countries have to diversify energy sources 
in line with their increasing energy needs; however, most energy sources generate 
pollution elements such as excessive carbon (C) gas. Considering the cyclical changes in 
geological times, it can be said that human factors as well as planetary mechanisms shape 
global warming. The global release of excessive carbon (C) gas is now one of the major 
causes of global warming [2–4]. Owing to the rise in greenhouse gas emissions over the 
last century, the Earth’s surface temperature rose by 1.0–1.2 °C and the ocean level 
increased by 20–22 cm [5]. The search for new/additional/alternative energy sources with 
low carbon emissions is continuing to reduce the environmental and social costs of 
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electricity generation [6]. Nuclear energy (nuclear power) remains one of the cheapest 
and potentially most appropriate ways to mitigate the harmful effects of climate change 
due to its relatively low carbon dioxide emissions.  

Nuclear power stations do supply electricity power without damage and change to 
the environment, but have catastrophic effects when accidents happen, for example, 
during the transportation and storage of radioactive materials [7]. Kristiansen [8] 
compared different potential technical, economic, social, and environmental advantages 
and risks of nuclear energy, some of which are serious health threats to humans and 
animals and damaging to the environment once nuclear fission becomes uncontrollable. 
 

1.1. Literature Review 
This paper belongs to the literature on (environmental) risk and nuclear power. The 

definitions of environmental and human risk related to broader resource exploitations 
and renewables in Central and Eastern Europe are well known [9]; see risks in nuclear 
power presented by Vlcek et al. [10]. In our paper, we focus on the effects of different 
demographic, socio-economic, and psychological characteristics of the perception of risk 
posed by nuclear energy and compare previous findings with a pilot study conducted in 
Serbia. 

Many previous studies [11–13] have identified that individuals with traditional 
values have greater support for it, while those with altruistic values have greater 
opposition to nuclear power, showing that values predict attitudes [13]. It has also been 
found that attitudes toward nuclear power do not vary by gender, age, education, 
income, or political orientation. In terms of ethnicity, some ethnicities are more 
supportive than others. Related to gender, there are no consistent results. Some studies 
found no significant differences for gender [14–16], while others found significant 
differences [14,17]. Greenberg and Schneider [17] also found that women are more 
concerned about environmental risks than men. Women in Sweden seem to have greater 
opposition to nuclear power than men do [18]. There are also other research variables 
that may relate to the acceptance of risk, such as age [19,20] and marital status [21,22].  

The relationship between public attitudes to nuclear power is diverse: some are 
positive [23], while others are negative [24]. One study conducted in the USA showed 
that people living around a power plant perceive nuclear energy more positively than 
people in general due to the benefits they receive, such as in work places, etc. [25], while 
people in China are opposed to nuclear power plants in their area [26]. When people 
believe that nuclear energy has more benefits for them than detriments, it is more likely 
to be deemed acceptable [27]. This is reasonable in light of the benefits seen in work 
places and therefore financial security/dependency. The general level of concern has not 
been correlated with risk perception [11]. On the other hand, it was found that trust in 
environmental protection institutions and the perceived risk of a global environmental 
problem do not presuppose principled views on nuclear energy [28–31]. At the same 
time, it was determined that values are predictors of attitudes; i.e., individuals with 
traditional values provide more support, while those with altruistic values tend to 
oppose nuclear energy. Huang et al. [32] formed a structural equation model to describe 
the level of public acceptance when it comes to nuclear power plants, and identified four 
risk perception factors: knowledge, perceived risk, benefits, and trust. It was determined 
that women, persons who are not part of public services, persons with lower incomes, 
and those who live near a nuclear power plant accept nuclear energy to the least extent. 
On the other side, strong correlations between social trust and perceived risks and 
benefits have been observed for hazards of which people have little knowledge [33]. 
Takebayashi et al. [12] performed a systematic review of the literature and found that 
governing factors of radiation risk perception included demographics, disaster-related 
stressors, trusted information, and radiation-related variables and that the effects of 
radiation risk perception included severe distress, intentions to leave employment or to 
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not return home, and others. Jun, Kim, Jeong, and Chang [34] pointed out that public 
perception is often an obstacle to the development and implementation of nuclear 
policies, requiring substantial subsidies that are not based on the social evaluation of 
nuclear energy. These authors, in research assessing the social value of citizens’ readiness 
to pay for nuclear energy, found that the social evaluation of nuclear energy increases by 
an average of 68.5% if adequate information on nuclear energy is provided to the public. 
It was also proven that the public does not change their perception due to provided 
information or education efforts. Overall, there are 18 factors that influence the public’s 
perception of risk, which needs to be taken into account. Knowledge is only one of them. 
Specific risk perceptions held by a given population and its various subgroups must be 
acknowledged and incorporated into successful risk communication and public 
engagement strategies [35]. A significant body of research [33,36–39] has highlighted the 
importance of institutional trust in influencing risk expectations, i.e., the level of trust in 
those agents responsible for risk management. In other research, it was found that social 
trust is a key factor in predicting the perceived risks and benefits of technology, and 
support was provided for the theory of social trust in the similarity of prominent values 
[39]. A study conducted in four European countries (Sweden, Spain, the United 
Kingdom, and France) found that trust is a significant predictor of perceived risk [40]. 
Moreover, the correlation between the confidence and perception of risks is also varied, 
e.g., trust generally gave a better explanation of the perceived risk.  

In one of the studies, the respondents were asked to evaluate the likelihood of a 
nuclear disaster at the Krško nuclear power with serious consequences for the 
environment that would necessitate the evacuation of the nearby population. Most 
respondents expressed their belief that such a disaster is improbable [41]. 

Related to preparedness for nuclear disaster, there are a number of papers 
examining the level of preparedness [42,43] and the factors that affect it [41,44,45]. 
Despite potential shortcomings in nuclear and radiological event planning and 
preparedness, it is known that these incidents are increasingly likely to occur [42,43]. In 
practice, in spite of good planning, communication, and training, it was found [40] that 
almost three-quarters of the population living within a three-kilometer radius remain 
unfamiliar with the locations of the reception centers, and two-thirds of them are 
unfamiliar with the evacuation routes. Hasegawa et al. stressed that, by promoting social 
capital (e.g., social networks, reciprocal ties, and social participation), people become 
more likely to engage in disaster-preparedness activities [46]. 

Despite all the existing knowledge and IAEA Safety Standards that require the 
operators in Member States to maintain an adequate level of emergency preparedness, 
the current level of preparedness in Serbia remains low due to a fatalistic attitude, poor 
nuclear disaster planning, the low attendance of personnel at training sessions, poor 
coordination, and scarce attention and resources devoted to the management of a 
possible disaster. The Chernobyl (1986) and Fukushima (2011) nuclear power plants 
accidents had a substantial impact on nuclear emergency planning and response as well 
as on the processes of implementing a modern nuclear emergency management system, 
which, for example, is currently under way in Germany [45]. Razak, Hignett, and Barnes 
[47] highlighted that response planning and preparation should be considered at three 
levels: organizational (policies and procedures), technological (decontamination, 
communication, security, clinical care, and treatment), and individual (willingness to 
respond, PPE, knowledge, and competence). Shah, Shahzad, and Afzal [48] found that 
the medical responders were aware of the consequences of nuclear disaster and were 
found willing to respond to these kinds of disasters voluntarily, but they were not 
satisfied with their level of preparedness/awareness about nuclear/radiological disasters. 
Furthermore, Mortelmans et al. [44] found that there are serious gaps in hospital 
preparedness for nuclear disasters in Belgium, and a lack of financial resources is a major 
obstacle in achieving sufficient preparedness. Malešič et al. [41] stressed that respondents 
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believe that their institutions and companies are generally well prepared and able to 
evacuate those to whom they have a duty of care.  

There are many research papers related to the fear of nuclear disaster [49–51]. 
Nishikawa, Kato, Homma, and Takahara [52] found that residents living near nuclear 
facilities have shown greater concern about the health risks of nuclear disasters than 
about the likelihood that such accidents will be caused by human error. In other research, 
it has been found that public concern and fear increased with greater distance from the 
site, and this distance effect occurs because people farther away from the site of an 
accident have less information about it, and this may amplify their fears and reduce their 
acceptance of nuclear energy [53–55]. 

Safety issues related to the use of nuclear power have been addressed, and how this 
has contributed to improvements, despite accidents and incidents that have 
compromised public confidence, has been demonstrated [56]. After the Fukushima 
Daiichi nuclear power plant accident in 2011, the Japanese government began debating 
its nuclear strategy [57,58]. Right after the Fukushima Daiichi accident, the percentage of 
those expressing in favor of nuclear energy dropped from 57% before the accident to 49% 
after it [59]. The survey from over 24 countries showed that the respondents mostly were 
against nuclear power; in addition, 26% of the respondents expressed that their attitudes 
were changed in favor of nuclear energy after the accident [60].  

1.2. Historical Issues of Nuclear Power Worldwide 
Since the 1950s, the overall experience with nuclear energy has shown that, as 

anything else, it has both advantages and disadvantages. Disadvantages that should be 
considered include radioactive waste and its management as well as possible hazards 
and accidents, and these impact the environment and society, irrespective of the 
proximity of its site. The development of nuclear technology has exposed a difference 
between the excitement for a new, reliable, renewable, and secure energy source reported 
by scientific experts at the beginning of the early 1960s and the fear of potential nuclear 
accidents, but also related and still largely unknown long-term health and environmental 
impacts on the general public [61]. From the very beginning, nuclear power was 
perceived to be one of the cheapest sources of electricity and was expected to replace coal 
and become a major source of electricity [62]. Several developed and developing 
countries use primarily nuclear energy for power production; e.g., the United States, 
France, China, and the Russian Federation had the most active reactors in the world at 
the end of 2019 [8]. France is the leading producer of nuclear energy, providing 70.6% of 
its total electricity production, followed by Ukraine (53.9%), Sweden (34.0%), and South 
Korea (26.2%) (Table 1). Nuclear power generation in Eastern Europe is very high, 
approximately 21%. According to the estimates of the International Atomic Energy 
Agency (IAEA), it is expected that the electricity generation capacity in Eastern Europe 
will increase by about 40% in 2030 [62]. There are currently 443 civil nuclear power 
reactors in operation around the world, with another 54 under construction, according to 
the IAEA. At the end of 2019, total net power capacity was 392 GWe, accounting for 
about 10.5% of the total electricity demand [63,64]. 

Table 1. Nuclear power plant and nuclear electricity production in some countries, 31 December 
2019 [64]. 

 Country Operational 
Reactors 

Reactors under 
Construction 

Nuclear Electricity 
Production 

    Tw/h % of Total 
Most 

nuclear 
electrici

ty 
product

USA 96 2 809,4 19,7 
France 58 1 382,4 70,6 
China 48 11 330,1 4,9 
Russia 38 4 195,5 19,7 

South Korea 24 4 138,8 26,2 
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ion 
countrie

s 

Canada 19 - 94,9 14,9 
Germany * 8 - 80,1 13,0 

Ukraine 15 2 78,1 53,9 
Japan 33 2 65,7 7,5 

Sweden 7 - 64,4 34,0 
United Kingdom 15 2 51,0 15,6 

India 22 7 40,7 3,2 

Neighb
oring 

countrie
s of 

Serbia 

     
Bulgaria 2 - 15,9 37,5 
Czechia 6 - 28,6 35,2 

Hungary 4 - 15,4 49,2 
Romania 2  10,4 18,5 
Slovakia 4 2 14,3 53,9 
Slovenia 1 - 5,5 37,0 
TOTAL 19    

* Germany’s data belongs to 2018. 

Despite the growing importance of nuclear energy in view of the growing 
environmental and fossil fuel supply problems, Ahearne [65] stresses that obstacles to the 
further development of nuclear energy include costs, concerns about its connection to the 
proliferation of nuclear weapons, poor public attitudes, inadequate ways of disposing 
nuclear waste, and a lack of skilled labor. The attitude that the spread of nuclear 
materials can lead to proliferation risks is a very important obstacle [66]. Some of the 
most important factors for people’s opposition to the introduction of nuclear energy are 
the lack of knowledge about it and the processes characteristic of production and safety 
measures [67–69], as well as concerns about climate change. For example, Ertör-Akyazı et 
al. [70] found that fewer respondents embraced nuclear energy, while many more 
supported investment in renewable energy. In addition, the authors found that 
knowledge of the problem of climate change was a common factor that explained the 
acceptance of both nuclear and renewable energy sources. In China, most respondents 
are interested in the development of nuclear energy, although public opinion shows a 
certain level of doubt about the safety of nuclear energy, because they are afraid of 
nuclear disasters [71]. As barriers to the introduction of nuclear energy, there are also 
legal barriers that may prohibit the use of nuclear energy for electricity generation, as is 
the case in Australia [72,73]. Some countries, such as the UK, Turkey, and those with 
emerging economies (e.g., Malaysia and Indonesia), are increasingly seeking to attract 
private investors for nuclear projects using project finance [74]. Jewell [75] found that 
indicators for the potential of nuclear power include the size of the national grid, the 
presence of international grid connections, and the security of fuel supply for electricity 
production.  

Peters and Slovic [76] found that worldviews and affect-driven imagery together 
provide an extremely predictable picture when it comes to nuclear energy risk 
perceptions and support for this type of technology. According to them, affects and 
worldviews make individual and independent contributions to the prediction regarding 
nuclear support.  

It is relatively easy to raise nuclear opposition through unfavorable incidents, such 
as mass demonstrations or accidents such as the Three Mile Island, but it is very difficult 
to increase nuclear support even after long periods of safe activity [13]. Moreover, it was 
found that the majority of public respondents were not ready to accept the construction 
of a high-level local nuclear waste storage facility in their region. The public treated the 
issue of nuclear waste as a very important topic [77]. However, if people do not see a 
good substitute for technology from which they can enjoy significant benefits, they are 
willing to take private risks [78]. The French have a higher level of risk perception and a 
more negative attitude towards nuclear energy than the Dutch. However, the results also 
show that the benefits of using nuclear energy are higher [16]. 
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According to previous studies, the public acceptance of nuclear power has been 
influenced by energy safety, risk perception, and profit perception. EU countries 
producing nuclear power such as Sweden, the United Kingdom, and the Czech Republic 
have more acceptance of nuclear energy than countries with no nuclear power plants, 
such as the Netherlands [79].  

However, potential nuclear accidents continue to have a profound impact on the 
environment and human health, affecting public views and perceptions of nuclear 
power. The Three Mile Island (1979) in the US, Chernobyl (1986) in Ukraine, and the 
Fukushima Daiichi nuclear power accidents in Japan (2011) remain the most significant 
radiological accidents and play an important role in how nuclear energy and government 
policy is perceived [49]. 

2. Materials and Methods  
2.1. Study Design 

This study examines an explanatory model of the acceptance of nuclear power in 
Serbia. The main question of the study is to explore the perceptions of the social benefits 
and risks of nuclear power in the context of Serbia by integrating them into an existing 
model of the acceptability of risks and benefits (Figure 1). Hence, we compared the fear of 
exposure to radiation with the social benefits of nuclear energy. 

 
Figure 1. Model of acceptability of nuclear power (nuclear power). 

2.2. Survey Instruments 
This study was conducted using quantitative analysis. Several published survey 

approaches [13,32] were consulted for the creation of a structured questionnaire tailored 
to the social and demographic situation of Serbia. The questionnaire consists of 
demographic information of the participant (e.g., gender, age, educational level, marital 
status, and employment status) with comprehensive, multi-choice questions and 5-point 
Likert-scale questions. 

The reliability of the overall questionnaire in terms of Cronbach's alpha coefficient is 
0.795. The performance of items in separate scales is lower, but Cronbach’s alpha also has 
values between 0.701 and 0.795, which are considered to be sufficient reliability 
coefficients. In order to verify the comprehensibility and usability of the prototype 
questionnaire, a pilot pre-testing of the questionnaire was carried out in Belgrade in 
January 2019 with 30 people (participants were chosen randomly around the 
municipality and questioned in the main public square). Following the pilot analysis, it 

Acceptability of 
Nuclear Power 

(NP)

Preparedness for 
nuclear disaster

- National preparedness
-Emergency employees'

preparedness
with Pearson correlations 

coefficient

Perception of 
nuclear energy

(PNE)

- Involvement of NP
- Advantages of NP
- Barriers to the 
introduction NP
- Improvement in the 
NP legislation

Multivariate linear 
regression

Pearson correlations 
coefficient

Fear for nuclear 
disasters Pearson's correlation 
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was determined that the measurement tool should be categorized into three: general 
public views of nuclear energy, preparedness for nuclear hazard risk, and fear of nuclear 
accidents. Our research was consistent with the Helsinki Declaration outlining the 
principles for socio-medical research involving human subjects. Additionally, 
participants provided informed consent to participate in the study. The research protocol 
was approved by the committees of the scientific research group review board of the 
Scientific-Professional Society for Disaster Risk Management and International Institute 
for Disaster Research, ID-25062020. 

The public’s perception and behavioral reactions to nuclear power have been well 
known since the 1970s and therefore remain an important part of political decision 
making in every country around the world, primarily due to the nature of the feelings 
linked to subjective perceptions of risk [35,79,80]. Any nuclear power plant is at risk of an 
incident or an accident [8]. When an incident happens on a scale of 4-7, it usually affects 
both short- and long-term energy security in the country and may result in an ad hoc 
energy policy and an increased demand worldwide for fossil fuels and/or natural gas, as 
in Japan. Many European countries, such as Germany, Italy, or Switzerland, were also 
affected by the Fukushima disaster in 2011 by the immediate shutdown of some of the 
nuclear reactors or the abandonment of plans to build new ones, not only because of a 
loss of public acceptance of nuclear power [81,82]. However, two years after the 
Fukushima nuclear accident, it was found that there was no significant difference in the 
perception of nuclear energy in British society [83]. 

2.3. Study Area 
The Republic of Serbia is situated at the crossroads of Central and Southeastern 

Europe on the Southern Pannonian Plain and the Central Balkans, and it is also located at 
the confluence of the Sava and the Danube Rivers. Belgrade is the capital of the Republic 
of Serbia (Figure 2). At the end of 2018, there were 1,690,193 people living in Belgrade 
(24% of the total population of Serbia) [84]. 

 
Figure 2. Study area [85]. 

Serbia itself does not have nuclear power, but there are 19 nuclear power plants in 
neighboring countries (Hungary, Slovenia, Bulgaria, Romania, Slovakia, and Czechia) in 
operation. It is extremely close to Serbia to Kozloduy (Bulgaria), Krsko (Slovenia), and 
Paks (Hungary). At the end of 2019, nuclear power generated 37.5% of the country’s 
electricity in Bulgaria, 35.2% in Czechia, 49.2% in Hungary, 53.9% in Slovakia, 37% in 
Slovenia, and 18.5% in Romania [46]. The Serbian Government is considering the 
development of nuclear power programs or plans as a policy option. As the authorities 
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and policy makers want to provide their people with the cheapest energy options, the 
Serbian government wants to know what the public thinks about nuclear power and the 
potential establishment of the country’s nuclear power. 

With the approval of the Law on the Prohibition of the Construction of nuclear 
power plants in the Federal Republic of Yugoslavia [86], a moratorium has been imposed 
in Serbia and prohibits not only the construction of nuclear power plants but also their 
development. The prohibition also extends to investment decisions, the implementation 
of investment plans, and technical documents for the construction of nuclear power 
plants, nuclear fuel production plants, and spent nuclear fuel processing plants. Because 
of this ban, the study of nuclear technology in higher education institutions was 
minimized. 

Although Serbia does not have a nuclear power plant, there is an early warning 
system for nuclear accidents, and Serbia is part of a network establishment by the IAEA. 
The Adoption of the Radiation Safety and Security Law [87,88] and the signing with 
Russia of two agreements on the use of nuclear energy for peace-time purposes—one on 
the preparation of the public and the development of a positive public opinion on the use 
of nuclear energy for peace-time purposes, and another on the training of staff for the use 
of nuclear energy for peace-time purposes—also support the creation and development 
of nuclear installations. It also envisages increasing the qualifications of administrative, 
scientific, and technical staff in the field of peaceful use of nuclear energy through 
training and internships, and enhancing the general knowledge and use of nuclear 
technology by citizens in other areas. Furthermore, no surveys have been carried out in 
Serbia to examine the views of citizens on the different viewpoints of the use of nuclear 
energy for peacetime purposes.  

2.4. Sample 
The trial research was conducted on 17 March 2019 and consisted of 270 randomized 

face-to-face interviews in the public square of Belgrade, Serbia. The participants were 
chosen using the snowball sampling technique. The sample was convenient and not 
necessarily representative of Serbia’s entire population, but they only provided an 
opinion on this topic of the study. Snowball sampling is a technique of convenience used 
when reaching subjects with the target features is difficult [89]. Out of a total of 360 
respondents, 285 agreed to participate in the survey, while 90 refused (so the total 
response rate was 79.16%). Of the total number of respondents who agreed to participate 
in the survey, 270 respondents completed the survey questionnaire, 15 respondents did 
not (the completion rate was 94.73%). The sample was 58.8% (159) male and 41.1% (111) 
female (there are 51.3% women and 48.7% men in the country in total), with an average 
age of 38 years (country averages: men: 41.2; women: 43.9). Of the participants, 60% (162) 
were between 18 and 38 years of age, and 27.8% were between 39 and 59 years of age. Out 
of the 59.3% that had finished compulsory education (160), 40.7% had university or 
higher education (with primary school at 20.76%, high school at 48.93%, junior college at 
4.51%, and undergraduate at 10.59% of the study population). Married persons 
accounted for 62.1% (167) of the study, while 37.9% were single. The majority of 
respondents were unemployed (Table 2). The research focused on the public perception 
of nuclear power, i.e., fear and profit. The opinions of all participants are considered 
important for policy makers and scientists in terms of the development of nuclear power 
and the design of nuclear power plants. In the survey, all participants were voters, since 
the legal age of voting in Serbia is 18. Leaders and policy makers consider all the views of 
the electorate, so we selected adults for this analysis. Other variables included gender, 
educational level, marital status, and employment. The literature related to these 
variables was included in the selection process. 

Table 2. Basic demographic and socio-economic information for respondents. 
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Variable Category f % 

Gender 
Male 159  58.8 

Female 111  41.1 

Age 
Young (18–38) 162  60 

Middle-aged (39–59) 75  27.8 
Older (60–68) 33  12.2 

Education level 
Compulsory education 1  160  59.3 
University and higher 2 110  40.7 

Marital status 
Single 103  38.2 

Married 167  61.8 

Employment status 
Yes 98  36.5 
No 172 63.5 

 TOTAL 270 100 
1Compulsory education in Serbia is 10 years: Primary school (3 years) + Secondary school (4 years) 
+ High school diploma (3 years). 2 University and higher: Bachelor degree, Master degree, PhD, or 
equivalent. 

2.5. Analyses 
Statistical analysis of the data was conducted using the Social Sciences Statistical 

System (SPSS 20, IBM, Armonk, NY, USA). In the mentioned program, all data obtained 
by the survey were arranged and classified. Using descriptive statistical analyses, the 
distributions of answers to the questions were determined. The internal consistency of 
the Likert scales for the five items was strong with a Cronbach’s alpha of 0.78. To test the 
perception of nuclear power, logistic regression was used in the first step to test the 
combined effects of the various factors included in the proposed model (age, gender, 
marital status, income level, and educational level). The Pearson correlation was used to 
test the relationship between all demographic variables and the measurement factors. 
This research was limited to the subject and the measurement used throughout the 
sample in which the study was conducted.  

3. Results 
The study’s findings are discussed in three dimensions: 

• Perceptions of nuclear energy;  
• Perceptions of the preparedness for nuclear disasters;  
• Perceptions of fear of nuclear accidents. 

3.1. Perception of Nuclear Energy  
Four dependent variables (nuclear energy perception, advantages of nuclear energy 

usage, barriers to nuclear energy adoption, and changes to legal regulations) were 
included in the multivariate logistic regression model. In the first step, logistic regression 
was used to determine the combined effects of the various factors included in the 
proposed model (gender, marital status, income level, and educational level) (Table 3). 
The logistic regression model applied to the nuclear energy component (with all 
predictors) was statistically significant (χ2 = 66.54; (4, N = 270) p ≤ 0.01) and explains the 
variance between 21.8% (Cox & Snell) and 29.8% (Nagelkerke). Regression results 
indicated that the three predictors had a statistically significant contribution to the model 
(gender, marital status, and educational level; p ≤ 0.01). The educational level was found 
to be the strongest predictor of the involvement of nuclear energy with a regression 
coefficient of 3.20. This meant that respondents who had been educated in college 
objected to the implementation of nuclear energy more than 3 times more often than 
those who had not been educated in college, with all other factors becoming equal to the 
standard (Table 3). 
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The model including the advantages of using the knowledge variable for nuclear 
power (with all predictors) was statistically significant (χ2 = 69.67; (4, N = 270) p ≤ 0.01) 
and explains the variance between 13.7% (Cox & Snell) and 20% (Nagelkerke). 
Regression results indicated that the three predictors made a statistically significant 
contribution to the model (marital status and gender, p ≤ 0.05; employment status, p ≤ 
0.01). Employment status was found to be the strongest predictor of the advantages of 
using nuclear energy variable with a regression coefficient of 5.13. Employee participants 
stated that the electricity supply was reliable in reaction to a description of the benefits of 
the implementation of nuclear energy more than 5 times more often than those who did 
not work in the same environment with all other variables. 

Table 3. Multivariate binary logistic regression analyses relevant to the public perception of nuclear energy. 

Predictor Variable 
Involvement of Nuclear 

Power 
Advantages of Nuclear 

Power 
Barriers to the Introduction 

of Nuclear Power 
Improvement in Nuclear 

Power Legislation 
β SE Exp(B) β SE Exp(B) β SE Exp(B) β SE Exp(B) 

Gender −1.30 ** 0.316 0.271 −0.724 * 0.331 0.485 −1.45 * 0.503 0.234 −0.353 0.273 0.703 
Employment status −0.077 0.294 0.926 1.63 ** 0.327 5.13 2.80 ** 0.563 16.56 0.857 ** 0.265 2.35 

Marital status −1.95 ** 0.124 0.142 −1.08 * 0.328 0.365 1.52 * 0.619 6.03 −0.603* 0.271 0.547 
Education level −1.69 ** 0.472 3.20 0.678 0.523 1.97 −1.35* 0.585 5.39 0.035 0.403 1.03 

* p ≤ 0.05; ** p ≤ 0.01. 

On the other hand, the model including barriers to the introduction of nuclear 
power information variables (with all predictors) was statistically significant (χ2 = 49.70; 
(4, N = 270) p ≤ 0.000) and explained between 16.8% (Cox & Snell) and 31.7% (Nagelkerke) 
of the variance. Regression results showed that the four predictors made a statistically 
significant contribution to the model (gender, marital status, and educational level, p ≤ 
0.05; employment status, p ≤ 0.01). Employment status was the strongest predictor of the 
16.56 odds ratio of obstacles to the adoption of nuclear power. Specifically, employed 
respondents stated that the downsides of the implementation of nuclear power are 
expressed in potential sources of radioactive radiation more than 16 times more often 
than those not employed in terms of all other variables of equal value in the model. 

The model including the improvement in the nuclear power legislation for all 
predictors was statistically significant (χ2 = 16.81; (4, N = 270) p ≤ 0.01) and explains 
between 6% (Cox & Snell) and 8.2% (Nagelkerke) of the variance. Regression results 
showed that the two predictors made a unique, statistically significant contribution to the 
model (employment status, p ≤ 0.01; marital status, p ≤ 0.05). Employment status was 
found to be the strongest predictor of changes to legal regulation with an odds ratios of 
2.35. Employed respondents, therefore, responded that they are in favor of changes to 
nuclear legislation more than 2 times more often than those who were not employed, 
with all other factors equal to the standard (Figure 3).  
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unemployed (41.5%) stated that the advantage of using nuclear energy is that it is a stable 
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(34%) stated that the downside is that the type of energy is environmentally friendly and 
low-pollution. 

Men (44%) stated that the use of nuclear energy was a safe and efficient source of 
energy more often than women, while women (30.2%) stated that it would contribute to 
lower electricity prices more often than men. In the end, it was found that women were 
more likely than men to state that the use of nuclear energy was more environmentally 
acceptable and would lead to a reduction in negative impacts on climate change. As 
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regards the barriers to implementation of the nuclear energy, it was identified that there 
was a link between the employment status of respondents (r = 0.332, p ≤ 0.01) and the 
level of education (r = −0.197, p ≤ 0.01). However, there was no statistically significant 
difference between sex and marital status related to the obstacles to the implementation 
of the nuclear energy. The majority of faculty-educated people (57.3%) reported the 
potential of a nuclear disaster, while secondary school respondents (22.2%) said there 
was a lack of a radioactive source of radiation. It was found that men were more likely 
than women to state that the main problems of nuclear energy was the risk of a nuclear 
accident and the risk of using radioactive materials for terrorist purposes. Women, on the 
other hand, stated more often than men that the main problem was the production of 
radioactive waste and the source of radioactive radiation. 

Table 4. Pearson’s correlation results between the perception of public nuclear energy and predictor variables. 

 
Involving Nuclear 

Energy 

Advantages of 
Nuclear Energy 

 

Barriers to the 
Introduction of 
Nuclear Energy 

Improvement in 
Nuclear Power 

Legislation 

Possibilities of 
Nuclear Disaster 

Variable Sig. r Sig. r Sig. r Sig. r Sig. r 
Gender 0.000 ** 0.287 0.042 −0.124 * 0.870 0.010 0.164 −0.085 0.144 −0.089 ** 

Employment status 0.154 0.071 0.000 0.234 ** 0.000 0.332 ** 0.003 0.189 ** 0.107 −0.098 
Marital status 0.000 ** −0.388 0.001 −0.202 ** 0.097 0.101 0.023 −0.138 * 0.010 −0.156 * 

Education level 0.325 0.060 0.194 −0.079 0.001 −0.197 ** 0.560 −0.036 0.000 0.378 ** 
* p = 0.05; ** p ≤ 0.01. 

Starting with the current moratorium on nuclear power plant construction in Serbia, 
respondents were asked if they thought the law should be modified to enable nuclear 
power plant construction. According to the findings, 60% of respondents were opposed 
to a 40% nuclear power law amendment. Since only 37% of respondents in this study 
were in favor of nuclear energy being installed in Serbia, it was necessary to look more 
deeply into why so few people were in favor of a change in the law. More analyses found 
that the attitudes of respondents were correlated to job status (r = 0.189, p ≤ 0.01) and 
marital status (r = −0.138, p ≤ 0.05). There was no statistically relevant difference between 
gender and educational rates. Employed persons (50.9%), as opposed to unemployed 
persons (32.9%), do not support the establishment of nuclear energy to a greater degree. 
The study examined the impact of marital status and found that married respondents 
(65.1%) favored the adoption of nuclear energy more than unmarried respondents. 

Additionally, the perception of the probability of nuclear accidents in the country 
was analyzed, and it was found that 32.4% (x = 2.98) of the participants stated that a 
nuclear accident tragedy is likely to appear. The results of the study revealed that the 
attitudes of respondents were correlated to gender (r = −0.089, p ≤ 0.05), marital status (r = 
−0.156, p ≤ 0.01), and educational level (r = 0.378, p ≤ 0.01). There was no statistically 
significant difference between employment status and considering a nuclear disaster a 
possible threat (Table 4). Men (x = 2.90, sd = 0.992) interpreted the level of risk from 
nuclear disasters to women (x = 3.06, sd = 0.777) similarly to those who were married (x = 
2.87, sd = 0.915), who perceived a greater risk compared to those who were not married (x 
= 3.16, sd = 0.846). Employed people (x = 3.11, sd = 0.805), compared to those who are not 
(x = 2.11, sd = 1.00), consider the level of risk of nuclear hazards to be greater. 

3.2. Perception of Preparedness for Nuclear Disasters 
The public’s views of nuclear disaster preparedness were also examined in this 

study. In this context, people’s perceptions of the ability of the government and those 
who work in emergency services to prepare for nuclear disasters were examined. 
According to the results, 68.1% of the respondents thought that the government could 
prepared, and more than half (53.4%) of the respondents thought that emergency 
personnel could prepared (Figure 4). The mean value of the government’s preparedness 
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government is unprepared, and 20 % believe emergency employees are unprepared. 

 
Figure 4. Public’s opinion of the government’s and emergency service personnel’s preparedness for nuclear (%) disasters. 

The results found that there was a correlation between the perception of 
government’s preparedness for nuclear disasters and gender (r = 0.144, p ≤ 0.05), marital 
status (r = 0.248, p ≤ 0.01), and educational level (r = 0.164, p ≤ 0.01). There was no 
statistically significant difference between employment status and the perception of 
government’s preparation (Table 5). Men (x = 2.15, sd = 1.01) were more positive than 
women (x = 1.84, sd = 1.13) about the government’s ability to manage a nuclear disaster.  

Table 5. Perception of the participants; Pearson’s correlation between government’s and 
emergency employees’ preparedness and the variables. 

 Government’s Preparedness Emergency Employees’ 
Preparedness 

Variable Sig. r Sig. r 
Gender 0.018 0.144 * 0.203 0.078 

Employment status 0.079 0.107 0.008 0.161 ** 
Marital status 0.000 0.248 ** 0.006 0.168 ** 

Education level 0.007 0.164 ** 0.005 0.165 ** 
* p = 0.05; ** p ≤ 0.01. 

Additionally, respondents who were married (x = 2.21, sd = 1.13) were more likely to 
assess the level of government’s preparedness compared to those who were unmarried (x 
= 1.65, sd = 0.875). In contrast, regarding educated persons (x = 2.08, sd = 1.12), relative to 
those who were not (x = 1.56, sd= 0.607), the findings revealed a correlation between 
respondents’ attitudes regarding their employment status (r =.161, p.01), marital status (r 
= 0.168, p.01), and educational level (r = 0.165, p.01) and emergency employee 
preparedness. According to the findings, the perceptions of the participants regarding 
emergency personnel’s preparedness for nuclear disasters do not differ according to the 
gender of the personnel. Employed persons, on the other hand, have a higher mean (x = 
2.70, sd = 1.00) than unemployed persons (x = 2.33, sd = 1.17). Similarly, married 
participants (x = 2.62, sd = 1.16) thought emergency services (x = 2.22, sd = 1.00) were 
better trained than single. 
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3.3. Perception of Fear of Nuclear Disasters 
Respondents were asked to answer whether they were afraid of potential nuclear 

accidents. It was found that 71.9% of the respondents were afraid of such incidents. The 
overall projected hazard of a nuclear accident is 3.09 (sd = 1.19). Results showed a 
correlation between nuclear disaster anxiety and gender (r = −0.353, p ≤ 0.01). There was 
no statistically significant difference between employment status, marital status, or level 
of education (Table 6). Men (x = 2.15, sd = 1.01) were more afraid of nuclear accidents than 
women (x = 1.84, sd = 1.13). 

Table 6. Pearson’s correlation between fear of nuclear disaster and variables. 

 Fear of Nuclear Disaster  
Variable Sig. r 
Gender 0.000 −0.353 ** 

Employment status 0.883 −0.009 
Marital status 0.940 0.005 

Education level 0.438 0.047 
* p = 0.05; **p ≤ 0.01. 

4. Discussion 
Risk analysis research on the threat of nuclear and radiation hazards is not new 

[33,39,89], with debates focused mainly on the possibility of threat of attack by nuclear 
weapons, followed by nuclear waste and potential nuclear energy plant accidents [90]. 
Previous research [11–13] has examined public risk perception with regard to the 
potential unintentional release of radiation from nuclear facilities (e.g., disposal of 
nuclear power waste, etc.) Other efforts are focused on the development of standard 
terminology for radiological protection under the auspices of the International 
Commission on Radiological Protection (ICRP) [91–95]. Since the 1950s, nuclear energy 
has been considered by some to be a dangerous technology due to its unknown and 
invisible nature and therefore posing a catastrophic threat to society and national 
survival [96]. Other research studies showed that public opinion plays an important role 
in determining local, regional, and federal nuclear energy policy [97,98]. As a result, 
policy-makers and scientists have been influenced by the public perception of the safety 
and true threat posed by nuclear power [61]. People generally have both positive and 
negative views of nuclear power [76].  

This study has demonstrated that the majority of respondents of the trial study do 
not support the implementation of nuclear energy in the Republic of Serbia. This finding 
was not unexpected due to knowledge by the survey participants of three major 
accidents with a global impact: the Three Mile Island in 1979, Chernobyl in 1986, and 
Fukushima in 2011. However, our findings were more nuanced. Past research on public 
acceptance of nuclear power stations has generally focused on overall local community 
awareness and approval, based on pre-existing beliefs and attitudes regarding the nature 
of nuclear energy and radiological hazards [89,99–103]. Other studies, however, 
examined the acceptance of nuclear power plants only at specific locations [99]. 
Furthermore, previous research has shown that public attitudes towards nuclear power 
vary: some are positive [66], while others are negative [24,98].  

Acceptance of nuclear power stations also influences people’s confidence in official 
nuclear organizations and government agencies responsible for public safety [97,98]. Our 
study showed that most of the questionnaire respondents in Serbia were worried about 
possible nuclear accidents. It can be assumed that the citizens of Serbia do not have 
enough trust in institutions and organizations (e.g., regulators/operator) that regulate 
and/or produce nuclear technology [33]. Such findings are consistent with the results of 
past studies in Germany, Italy, and Switzerland, which showed that some nuclear 
reactors had been shut down for safety concerns, and new nuclear power plant 
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construction had been abandoned due to the Fukushima accident, a result of the March 
2011 earthquake and tsunami. For these reasons, it is necessary to improve risk-related 
information, bearing in mind that it affects how we perceive risks and what risk decisions 
we ultimately make [8]. Moreover, a suggestion is made to deploy an iterative 
continuous improvement model for incorporating specific risk perceptions, held by a 
given population and its various subgroups, into existing and future risk communication 
programs in concert with mutual-gain-based public engagement mechanisms [35]. 

Public acceptance of nuclear power is positively linked to strong community 
awareness of the benefits of nuclear energy sources [101] and trust in government safety 
agencies, but was negatively linked to strong community perceptions of risks 
outweighing any benefits of nuclear energy sources. When people perceived a lower risk, 
they felt that they were gaining more from the nuclear power plant while having more 
trust and confidence in information about nuclear power provided by government 
energy agencies and private sector nuclear power companies [104,105]. De Groot et al. 
[104] concluded that the perception of benefits was key in explaining the high public 
acceptance of nuclear power, while public risk perceptions of great danger posed by 
nuclear hazards resulted in a decrease in community acceptance of nuclear energy 
technology.  

Our results demonstrated that the educational level of respondents was the 
strongest regression coefficient predictor of acceptance of nuclear energy. This finding is 
consistent with the results of [32] on the importance of knowledge and education 
regarding acceptance of the benefits of access to nuclear energy despite the recognized 
hazards. On the other hand, other studies concluded that the public acceptance of the 
risks of technological disasters caused by nuclear power were unaffected by educational 
level or general knowledge of the nuclear power industry due to unaddressed risk 
perception factors held by a given population and its various subgroups, especially in the 
existing exposure situations [101].  

In Serbia, due to traditional factors, women were found to be less likely than men to 
support nuclear energy [106]. Our study demonstrated that women in general tended to 
believe that nuclear energy and radioactive waste are less safe and pose a greater hazard 
to the community than men, and they also tended to believe that the global threat from 
nuclear weapons is greater than men do [107–110]. Interestingly, our research here 
showed that men have a statistically significant greater fear of nuclear power plant 
accidents than women. 

The methodological limitations of our study include (1) the potential bias in 
selecting study subjects for the questionnaire and its completion, (2) the lack of 
knowledge or experience of the study participants with sources of nuclear energy in their 
communities, (3) the insufficient representativeness of our sample to the general 
population of Serbia, and (4) the respondents’ fearful mental state caused by the nature of 
this study relating to nuclear power plan catastrophes. 

5. Conclusions 
The main focus of this research project was the opinions of the people of the 

Republic of Serbia, a Balkan country, in terms of the potential risks of nuclear power. 
The selection of the Republic of Serbia for such a study is important to note because 
nuclear energy is not used at all in Balkan countries; as a result, few hazard studies have 
been conducted by social science investigators in Serbia. Because many countries in 
Europe depend on nuclear energy, the results of our study will prove valuable for 
government policy makers in other Balkan countries and in Serbia itself, considering the 
potential construction of nuclear power reactors in the future. Additionally, these 
findings will play a significant role in educating scientists and the public regarding the 
risks and benefits of nuclear energy.  

Considering that some variables, such as gender, employment status, educational 
level, and marital status, are important in predicting nuclear energy acceptance, future 



Energies 2021, 14, x FOR PEER REVIEW 16 of 20 
 

 

studies should focus on these variables, as they are useful for all emergency managers 
and government decision makers grappling with the need for more energy sources in 
their countries. 

Because nuclear power represents both an energy source and a potential threat to 
the environment and to human safety and security, further scientific studies exploring 
economic and geopolitical factors, such as the unregulated and uncontrolled 
development of nuclear power, which can lead to irrevocable harm to communities in 
Serbia, other Balkan countries, and Europe overall, need to be carried out.  
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