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Abstract: In Japan, graduates who become independent professionals in society have the right to 

choose energy providers given the liberalization of the electricity market in the country. This issue 

renders student perceptions regarding various types of energy generation a critical factor for deci-

sion making. Accordingly, we explored the risk and benefit perceptions of undergraduates regard-

ing Japan’s main energy resources, namely, liquid natural gas (LNG), coal, hydropower, solar and 

nuclear resources, and petroleum. We also assessed energy acceptance among the target population 

and its influencing factors, such as student age and gender, school department, hometown, 

knowledge and experience of main power sources in Japan, and trust in government and power 

plant operation. These objectives were accomplished through field surveys and empirical charac-

terizations of energy acceptance determinants. Compared with risk perception, benefit perception 

regarding all kinds of power generation was significantly predicted by knowledge. Experience ex-

plained only the perception of benefit from coal power generation, and benefit perception more 

strongly predicted energy acceptance than did risk perception. The findings suggested the necessity 

of university energy education programs for increased student knowledge of energy sources. En-

ergy companies should increase energy benefits from economic, environmental, and energy secu-

rity and safety perspectives to enhance energy acceptance among students. On the basis of the re-

sults, we classified energy sources in Japan into obscure (LNG and petroleum), well-known (coal 

and nuclear), and exploratory (hydropower and solar) resources—a first in the energy field and 

contributory to energy education design. 
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1. Introduction 

The energy situation in Japan is extremely serious, and the lack of local conventional 

energy sources resulted in an energy self-sufficiency rate in the country of only 9.6% in 

2017 [1]. This problem has rendered Japan almost totally dependent on imported coal, 

liquid natural gas (LNG) , and petroleum for power generation. After the nuclear explo-

sion in 2011, the ensuing shutdown of the concerned nuclear power plant increased the 

country’s dependence on fossil fuels to 87.4% in 2017 [1]. Aside from these issues, supply 

stability and unstable pricing cause considerable concern among the Japanese govern-

ment, researchers, and residents. The good news is that, since the Great East Japan Earth-

quake, power generation from nuclear sources has been reduced to almost zero. In 2017, 
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the government approved a policy revision allowing the establishment of purchase prices 

through public tender for the new feed-in tariff (FIT), whose introduction was aimed at 

alleviating the burdens borne by electricity users [2]. With the growth of advocacy for the 

development of renewable energy, aggressive renewable energy targets have been pro-

posed. For example, the Fourth Strategic Energy Plan sets a goal of 22% to 24% as the 

renewable energy share out of the total power generation by 2030 [3]. A target of 100% 

electricity production from renewable energy by 2050 has been proposed [4]. The year 

2017 saw the percentage of power generation through renewable energy in Japan increase 

to 16.0%, ranking the country sixth in the world in terms of capacity for renewable energy 

generation and third with respect to solar power generation [5]. Despite these gains, how-

ever, comparisons with circumstances in foreign countries indicated that a rise in FIT levy 

accompanies the expansion of renewable energy-based electricity generation, thereby 

leading to user opposition to the high costs of supporting such production [6]. The Japa-

nese government has also begun eliciting considerable attention because of the possibility 

that promoting renewable energy will impose heavy burdens on households in the near 

future [7,8]. The increase in low-income households in Japan due to aging and a continu-

ing sluggish economy has rendered vulnerable households more sensitive to rising living 

costs, including those related to energy. Thus, renewable energy development and energy 

cost regulation are critical topics in energy policymaking. 

The Great East Japan Earthquake and the subsequent accident involving the Fuku-

shima Daiichi Nuclear Power Plant in March 2011 inspired new attempts to increase citi-

zen participation in forming energy policy in Japan. Among these attempts is the Japanese 

government’s series of participatory studies on innovative post-Fukushima energy and 

environmental strategies, including random sampling-based citizen deliberation or delib-

erative polling [9]. Indeed, public opinion notably affected Japan’s nuclear energy policy 

after the Fukushima disaster [10,11]. In particular, the enactment of full electricity market 

liberalization in April 2016, in response to increased competition and reduced prices, en-

abled electricity customers to choose energy providers [12,13]. The overall rate at which 

power consumers in Japan switched from general electricity utilities (GEUs) to power pro-

ducers and suppliers (PPSs) has steadily increased from almost zero before the electricity 

market liberation to 12.7% by the end of 2017 [14]. A consumer survey also found that 60% 

of existing consumers want to shift to PPSs for their electricity supply and that 98.5% of 

switching users are extremely happy with such a decision and their overall experience 

with the switch [15]. Correspondingly, under the competitive electricity supply market in 

Japan, consumers’ attitudes toward different methods of energy generation have become 

critical. 

Many studies have analyzed consumers’ willingness to pay (WTP) for renewable en-

ergy using contingent valuation (CV) methods, which are often employed in estimations 

of the economic value of non-market goods and services. For example, Hite et al. studies 

willingness to pay for biopower [16]; a study by Mozumder et al. also applies CV to in-

vestigate consumers’ preference for renewable energy [17]; to build a sound energy sys-

tem to protect environment, Nomura uses the willingness-to-pay method to investigate 

Japanese households [18]; and Whitehead and Cherry also apply willingness-to-pay for 

studying green energy program [19]. Previous research has also investigated the attitudes 

and decision making of consumers with respect to multiple energy resources [20,21]. 

However, a review of the open literature revealed a scarcity of energy education studies 

in Japan despite the issue that undergraduate consumers have insufficient knowledge and 

experience for wise decision making on energy consumption. Most previous studies are 

related to energy technologies, such as solar energy system [22]; application sources, such 

as energy consumption and greenhouse gas emissions system [23,24]; and energy policy 

economics on publics, for example, proposing energy policy in Iran [25], a comparison 

study between Thailand and Vietnam on public’ risk and benefit perception, as well as 

acceptance of nuclear power [26] and the public’s perception on nuclear power in China 

[27]. As university students are the populations that are the earliest to enter society and 
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make energy consumption decisions under the electricity market liberalization policy, a 

vital task is to investigate their perceptions toward energy generation methods. Moreover, 

increasing undergraduates’ energy knowledge for their wise decision in the near future is 

also their university’s social responsibility, which can product positive impact on society 

through high education, research, the transfer of knowledge and technology, as well as 

education for sustainability [28].  

In view of the above-mentioned deficiency, the primary motivation of the current 

research was the need to generate and analyze reliable data that can underpin evidence-

based energy education programs for undergraduate students. The study’s contributions 

toward achieving this aim are as follows: (1) it explored the risks and benefits perceived 

by undergraduates regarding various energy sources from environmental, economic effi-

ciency, and energy security and safety (3Es + S) perspectives; (2) it probed into the deter-

minants of risk and benefit perceptions among the target population; and (3) it investi-

gated how energy acceptance among undergraduates is affected by risk and benefit per-

ceptions. The methodology used to examine such micro-level energy perceptions in-

volved conducting a representative survey and an in-depth statistical analysis of the re-

sults for the formulation of evidence-based energy education programs. To the best of our 

knowledge, this research is the first to measure the manner by which undergraduates per-

ceive the importance and prioritization of different energy sources on the basis of envi-

ronmental, economic efficiency, and energy security and safety standpoints. Risk and en-

ergy perceptions were also used as grounding in an examination of energy acceptance 

among the target population. The results are the first empirical evidence of energy-related 

risk and benefit perceptions among undergraduates and their determinants. They can also 

have significant implications for the selection of energy providers and, accordingly, serve 

as a basis for energy education and energy policymaking. Finally, the findings are ex-

pected to stimulate a discussion of how factors, such as knowledge, experience, trust, and 

sociodemographic segmentation, can influence undergraduates’ perceptions of risks and 

benefits from different energy sources. All these factors lead to energy acceptance. 

2. Background and Research Hypotheses 

2.1. Energy Policy Direction 

The Japanese cabinet-adopted document sets the basic direction to be followed in 

national energy policymaking for the next two decades in line with the fundamental prin-

ciples shown in Table 1. Generally, energy policymaking entails two stages (Table 1). 

Table 1. Energy policy direction. 

 Pre-Fukushima Nuclear Disaster  Post-Fukushima Nuclear Disaster  

Energy policy di-

rection 

3Es: Energy security, environmental pro-

tection, and efficient supply [29] 

3Es + S: Energy security (self-sufficiency rate), economic 

efficiency (electricity cost), environment [greenhouse gas 

(GHG) emissions], and safety as a pillar of national en-

ergy policy [3] 

Target  

Reduce domestic energy-related CO2 

emissions by around 30% lower than 

1990 levels by 2030 

Nuclear power generation should be reduced as much 

as possible, which calls for a swift restart of existing nu-

clear power plants following safety approval from the 

Nuclear Regulation Authority (NRA). Under the consid-

erable premise of safety, the energy self-sufficiency rate 

is projected to increases to 25% in 2030, which is 5% 

higher than the level achieved before the Great East Ja-

pan Earthquake (the current self-sufficiency rate is 

9.6%). Electricity cost is expected to decrease to 9.5 tril-

lion yen by 2030. 

Approach  

Build 14 new nuclear power plants by 

2030 in addition to the existing 54 since 

2010 

This nuclear power expansion plan 

would have increased the installed gen-

eration capacity from 49 GWe in 2010 to 

60 GWe in 2020 and 68 GWe in 2030, as 

well as the electricity generation capacity 
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from 288 TWh in 2010 to approximately 

540 TWh, or nearly half the total central-

ized power generation in 2030 [30]. 

2.2. Deregulation and Liberalization in the Electricity and Gas Market 

During the post-Fukushima period, deregulation policies and the liberalization of the 

electricity and gas market compelled energy firms to focus more strongly on innovative 

and newer technologies, rather than on institutional barriers and highly regulated mar-

kets to reduce costs and ensure safer environmentally sourced power. The institutional 

reforms were intended to position Japan in a competitive electricity market, with prices 

set on the basis of supply and demand [31]. As of 2016, the Japanese power market was 

valued at about JPY 18.2 trillion, out of which the regulated energy sector accounted for 

JPY 8.1 trillion before competition was opened in 2016 [32]. These developments served 

as a powerful incentive for existing firms to realign themselves with the new institutional 

landscape and for new companies to penetrate the newly liberalized market. Regional 

monopoly companies began relinquishing their dominance in the market and joining the 

competition in one another’s markets. International markets also became targets for 

greater competition. For example, instead of heavily relying on trading companies for im-

port fuels, Japan Energy Era, Chugoku Electric, and Chubu Electric started investing in 

overseas energy projects [33]. Along with the advancement of liberalization, households 

switched from monopolized electric companies to newly emerging electric power compa-

nies, with the number of switching consumers reaching 10.6% in June 2017 (Figure 1) [34]. 

This increase paved the way for an expansion of the market where new electric companies 

operate—a development that reduced the electricity pressure used in households and en-

abled the use of extra high and high pressure by factories. The market share of new electric 

companies accordingly reached 11.3% in June 2017 (Figure 2) [34]. The deregulation and 

liberalization of the electricity market accorded customers the right to choose electricity 

companies from which to acquire services. Amid this backdrop, the perceptions of cus-

tomers have become increasingly important in the selection of power providers. 

 

Figure 1. Transition of switching cases after liberalization in the electricity market. 
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Figure 2. Market share transition after liberalization in the electricity market. (Notes: Extra high 

pressure is used by large-scale factories, whereas high pressure is used in middle- and small-scale 

factories. Low pressure is used in households). 

2.3. Factors Affecting Energy Decisions 

2.3.1. Knowledge, Trust, Experience, Perceived Risks and Benefits 

The public’s lack of understanding of many issues negatively affects the ability of the 

government to represent the will of the people [35,36]. Previous studies indicated that an 

individual’s comprehension of a particular technology can influence his/her perception of 

risks and benefits as regards that technology [37]. People’s understanding of different en-

ergy sources varies remarkably, although individuals have no professional or clear infor-

mation about these resources [38]. Considerable knowledge about energy resources that 

cause environmental pollution can drive an individual to perceive a high risk stemming 

from energy technologies in general [39]. Zografakis et al. found that respondents who 

are knowledgeable about renewable energy and its benefits on climate change and energy 

security are more willing to pay for renewable energy generation [40]. Similarly, other 

researchers indicated that knowledge-related concepts, such as probability, magnitude of 

harm, uncertainty, and catastrophic potential, strongly affect risk perception [41,42]. 

Knowledge of these concepts is commonly found to be a predictor of risk [43,44]. Appro-

priately evaluating risk necessitates understanding a given issue. For example, an indi-

vidual’s values or institutional factors are unlikely to influence views about the risk of 

being burned by touching a hot stove, but one’s knowledge and experience should [45]. 

Trust, likewise, plays a vital role in an individual’s perceptions regarding energy de-

cisions. Under insufficient experience of a particular energy source, trust can alter an in-

dividual’s perspectives [46,47]. To assess risks and benefits, people may rely on social trust 

[48] or affective information [49]. Previous studies uncovered that the trust formed in a 

society or the trust affected by other individuals in a society significantly influences indi-

vidual perceptions of benefits and risks. In addition, perceived trust indirectly affects us-

ers’ intention to accept particular technologies via perceptions of benefits and risks. Lastly, 

previously published results indicated that trust leads to higher perceptions of risks and 

benefits [50–52].  

Past research denoted the importance of experience in the formation of perceptions. 

As reported by [53], for instance, personal experience is correlated significantly and posi-

tively with the public’s willingness to pay for renewable energy. Research in the field of 

natural hazards has consistently found that people who have lived through an event, such 

as flooding and volcanic eruption, hold higher levels of risk perceptions, particularly if 
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the event was severe or resulted in adverse outcomes [54–56]. People who have suffered 

severe consequences expect the likelihood of future events to be higher and their effects 

to be more serious [57]. By contrast, mild consequences from an event engender low risk 

perception [58]. As previously stated, a definitive study on the relationship between ex-

perience and benefit perception has not been carried out in the context of energy adoption. 

On the basis of the energy production paths identified and proposed in previous studies, 

we sought answers to the following research questions:  

RQ1: How does knowledge predict students’ perceptions of risks and benefits from 

different modes of energy generation? 

RO2: How is students’ perceived trust in various organizations related to energy, 

and how does trust predict their risk and benefit perceptions? 

RQ3: How do previous experiences influence students’ risk and benefit perceptions? 

2.3.2. Perceived Risks and Benefits and Acceptance of Energy Sources 

Each energy source presents advantages and disadvantages that add to the complex-

ity of decision making. Renewable energy can reduce GHG emissions and offer additional 

benefits, such as a decreased need for imported energy sources. Nevertheless, the pursuit 

of renewable energy entails substantial investment and translates to high electricity costs 

for consumers, intermittent supply, and associated negative local externalities, such as 

noise, altered landscapes, and potential harm to birds. Making a wise choice requires con-

sumers to consider both the risks and benefits of each power resource [59]. 

Previous studies indicated the essentiality of examining the type and degree of tech-

nology acceptance among populations [60]. The acceptance of a new technology is 

strongly driven by perceived benefits and risks [47,61,62]. In general, the greater the per-

ception of a certain technology as risky, the less likely people are to accept it [63]. Research 

also indicated that perceived benefits are more important than perceived risks in explain-

ing technology acceptance [62,64]. The public’s acceptance of controversial technologies, 

such as nuclear energy, has garnered scholarly attention. High levels of perceived benefits 

increase the likelihood of public acceptance of nuclear energy [65] or reduce opposition 

against this type of power generation [66]. Perceived economic benefits are a more im-

portant driver of nuclear power acceptance than perceived risks, but mixed results have 

been derived as to the effectiveness of perceived environmental benefits in predicting the 

public’s acceptance of nuclear energy [67]. 

These insights are valuable, but no study has been directed to how perceived benefits 

and risks predict the acceptance of other energy sources, such as LNG, coal, solar power, 

and hydropower. The present study therefore endeavored to understand and compare 

students’ perceptions of risks and benefits as well as their acceptance of power generation 

methods in Japan. This brings us to the fourth question illuminated in this work: 

RQ4: What are the differences in students’ perceptions of risks and benefits and ac-

ceptance levels with regard to various power generation methods/sources in Japan? How 

do perceived risks and benefits predict energy acceptance among this population? 

Among many energy surveys, those anchored in citizens’ opinions and a hypothesis-

based approach are the most complete and accurate methods [68]. Studies that involved 

citizen-opinion surveys have produced complex and compositive results on psychologi-

cal, sociodemographic, and cognitive factors [69]. Therefore, a conceptual model that in-

corporates these factors can be helpful and constructive in understanding and improving 

users’ acceptance of availing electricity services and behavioral intention to do so. On 

these bases, we put forward the following suppositions (Figure 3): 

Hypothesis 1.: Students’ risk and benefit perceptions in relation to energy sources are determined 

by sociodemographic characteristics, knowledge, trust, and experience. 

Hypothesis 2.: Students’ energy acceptance is determined by their perceptions of risks and bene-

fits from power sources. 
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Figure 3. Hypothesis framework for testing. 

3. Methods and Data 

3.1. Data 

This study was carried out from September to December 2019 using a questionnaire 

and qualitative methods. To guide the development of a formal questionnaire and Liker 

scales, we conducted a qualitative survey using semi-structured interviews with key in-

formants (age, gender, affiliation, year level, and hometown). We used a pilot study to 

uncover possible misinterpretations of the questions and ambiguous responses. In addi-

tion, we gathered qualitative data through focus group interviews and participant obser-

vations to help us better understand students’ perception. The empirical data collected 

from the survey were analyzed to determine risk and benefit perceptions regarding the 

main energy sources in Japan (LNG, coal, hydropower, solar and nuclear power, petro-

leum), the influencing factors of such perceptions, and energy acceptance among Japanese 

undergraduates. In addition to perceived risks and benefits as well as energy acceptance, 

sociodemographic information and the influencing factors of the aforementioned percep-

tions were indicated in the survey data. Sociodemographic information included age, gen-

der, hometown, year level, and departmental affiliation. The information on determinants 

included that related to knowledge, trust, and experience. The core survey responses came 

from northeastern Japan, given that, after the nuclear power explosion in Fukushima in 

2011, people in this region may have developed a stronger awareness of energy. Figure 4 

shows the percentages of respondents hailing from different parts of Japan. A total of 151 

questionnaires were eliminated because of missing data, leaving us with a final sample of 

216. We hypothesized that the variables used in this study are important determinants of 

students’ perceptions of risks and benefits. Table 2 summarizes the definition of each var-

iable used in our analysis. 

Knowledge 

Trust 

Experience 

Hypothesis 1  

Risk 
perception 

Benefit 
perception 

Energy 
acceptance 

Hypothesis 2  

Demographic 
characteristics 
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Figure 4. Distribution of respondents. 

Table 2. Description of the variables. 

Variable Description 

Perceived risk 

and benefit 

Economic perspective  Related to power generation cost 

Environmental perspective Related to air pollution and global warming 

Stable supply perspective Related to stable power supply for residents 

Safety perspective Related to the safe management of power plant operation 

Acceptance Support level Acceptance of power sources 

Knowledge Characteristics of power generation 

Advantages and disadvantages 

Power generation ratio 

Power generation process 

Experiences  
Personal experience and experience 

from people around 

Experience of internship in power plants or visits to power 

plants 

Friends or relatives having worked in power plants 

Trust  
Trust in the management of power 

plants, the government, and specialists 

Information provided by power plants 

Information provided by the government 

Information provided by experts 

Sociodemo-

graphic 

Age  Numeric  

Gender  Male; female 

Hometown  Fukushima and neighboring prefectures; other prefectures  

Year level Freshman to senior 

Affiliation 
Schools affiliated with science and engineering disciplines 

and schools affiliated with the social sciences 

3.2. Dependent and Independent Variables 

In keeping with Hypothesis 1, two dependent variables were analyzed: the risk and 

benefit perceptions of students regarding the main energy sources in Japan (Figure 5 [70]) 

The questionnaire dealt with LNG, coal, hydropower, solar and nuclear power, and pe-

troleum, which are the most extensively used power sources in Japan. With reference to 

the advantages and disadvantages of these power sources, the respondents were asked to 

answer questions on risk and benefit perceptions related to economic efficiency, the envi-

ronment, and energy security and safety. Consistent with Hypothesis 2, energy ac-

ceptance served as a dependent variable. Table 3 provides brief descriptions of students’ 

risk and benefit perceptions as well as their acceptance of various power sources. With 

students’ evaluation of completely disagree (=1) and completely agree (=5), the mean 

value and standard deviation are shown in Table 3. The students exhibited the highest 
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risk perception toward nuclear power generation (3.94) and the highest benefit perception 

toward solar power generation (3.68). The perception of benefit from nuclear power gen-

eration was the second highest. The acceptance of nuclear power was the lowest (2.49), 

whereas that of solar energy was the highest (3.61). Overall, the students’ risk perception 

was higher than their benefit perception. Their acceptance of Japan’s main power sources 

was of a moderate level. Table 4 describes the mean value and the standard deviation of 

dependent variables in this study. Knowledge of nuclear power was the highest (3.244), 

while LING was the lowest (2.375). There was not big difference of mean values in expe-

rience. Students’ trust toward nuclear power was the lowest (2.889). 

 

Figure 5. Power supply composition in Japan, 2018. 

Table 3. Summary statistics of the independent variables for Hypotheses 1 and 2. 

Energy Source Independent Variable Mean  SD 1 

LNG 

RPLNG 3.28 0.64 

BPLNG 3.19 0.66 

AcceptancyLNG 3.04 0.82 

Coal 

RPcoal 3.84 0.70 

BPcoal 3.30 0.73 

Acceptancycoal 2.68 0.89 

Hydropower 

RPhydro 3.79 0.66 

BPhydro 3.40 0.67 

Acceptancyhydro 3.39 1.02 

Solar 

RPsolar 3.37 0.68 

BPsolar 3.68 0.84 

Acceptancysolar 3.61 1.11 

Nuclear 

RPnuclear 3.94 0.80 

BPnuclear 3.43 0.82 

Acceptancynuclear 2.49 1.22 

Petroleum 

RPpetroleum 3.68 0.63 

BPpetoleum 3.36 0.85 

Acceptancypetoleum 2.69 0.93 
1 SD = standard deviation 
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Table 4. Summary statistics of the dependent variables for Hypotheses 1 and 2. 

Energy Source Dependent Variable 
Mean 

/N  

SD 1 

/(%) 
Min 2 Max 3 

Sociodemo-

graphics 

Age (years) 19.55 1.152 18 26 

1 = male 150 69.5% - - 

2 = female 66 30.5% - - 

Year level (freshman = 1, sophomore = 

2, junior = 3, senior = 4) 
2.00 0.318 1 4 

Affiliation 

1 = affiliated to science and engineer-

ing 
25 11.7% - - 

2 = affiliated to social science 191 88.3% - - 

Hometown 

1 = Fukushima and neighbor prefec-

tures 
112 52.0% - - 

2 = other prefectures  104 48.0% - - 

LNG 

Knowledge LNG  2.375 1.062 1 5 

Experience LNG (1 = yes, 2 = no) 1.972 0.158 1 2 

Trust LNG 3.103 0.760 1 5 

Coal 

Knowledge coal 2.843 0.963 1 5 

Experience coal (1 = yes, 2 = no) 1.958 0.230 1 2 

Trust coal 3.139 0.751 1 5 

Hydropower 

Knowledge hydro 3.054 1.014 1 5 

Experience hydro (1 = yes, 2 = no) 1.964 0.155 1 2 

Trust hydro 3.210 0.841 1 5 

Solar 

Knowledge solar 2.935 0.943 1 5 

Experience solar (1 = yes, 2 = no) 1.962 0.163 1 2 

Trust solar 3.217 0.855 1 5 

Nuclear 

Knowledge nuclear 3.244 0.998 1 5 

Experience nuclear (1 = yes, 2 = no) 1.941 0.228 1 2 

Trust nuclear 2.889 0.909 1 5 

Petroleum 

Knowledge petroleum 2.701 0.984 1 5 

Experience petroleum (1 = yes, 2 = no) 1.977 0.129 1 2 

Trust petroleum 3.119 0.788 1 5 
1 SD = standard deviation; 2 1 = completely disagree; 3 5 = completely agree. 

3.3. Data Analysis 

In the near future, an increasing number of Japanese consumers can choose sources 

from which to derive energy. An essential requirement is to understand the energy per-

ceptions and energy acceptance levels of undergraduates who are slated to enter society 

and make selection decisions by themselves. To educate students on energy perceptions 

and acceptance levels, a necessary task is to investigate the influencing factors of these 

phenomena. Hence, to empirically characterize the risk and benefit perceptions of under-

graduates in connection to power sources and energy acceptance levels, this research em-

ployed ordinary least squares (OLS) regression models, whereby the dependent variables 

were risk and benefit perceptions for the first hypothesis and energy acceptance for the 

second hypothesis. The perception regression model was specified as follows: 

���� = ��� + ������ + ������ + ������ + ������ + ��� (1)
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where � represents a subject’s ID (i.e., 1 to 216); � represents an energy source; ����  is the 

dependent variable for energy or benefit perception; ���  is an individual-level vector of 

variables such as age, gender, affiliation, and hometown in 2019; ���  denotes knowledge 

of a specific energy source; ���  refers to an individual’s experience; ���  is the individual’s 

trust in a given power generation approach; ��� is a normally distributed error term; ��� 

is the intercept;  ��� stands for the vector; and ��� are scalars for � = 2, …, 4, which are 

the vectors of unknown parameters associated with the ���, ��� , ��� , and ���  to be esti-

mated.  

To estimate Hypothesis 2, the energy acceptance regression model was specified 

thus: 

���� = ��� + ������ + ������� + ������� + ��� (2)

where ���� represents an individual’s acceptance of a given energy generation method; 

����  and ���� represent the individual’s risk and benefit perceptions, respectively; ��� 

denotes the intercept; ��� is the vector; and ��� are scalars for � = 2, 3, which are the vec-

tors of unknown parameters associated with the ��� , ���� , and ����  to be estimated.  

Under the OLS assumptions, all the dependent variables were normally distributed. 

In the OLS regression, estimates in the perception and acceptance models were calculated 

via maximum likelihood methods, enabling us to compute a marginal change in the de-

pendent variables with a one-unit increase in an independent variable, with all other var-

iables fixed.  

The data were examined, and the internal consistency of the scales, which were used 

to measure all scale variables, were tested on the basis of Cronbach’s alpha values. Such 

values exceeded 0.7, indicating the reliability of the survey data. 

4. Discussion 

4.1. Correlation Results 

Tables 5 and 6 summarize the correlations among all the examined variables. Corre-

lation analyses are commonly based on Pearson’s r when variables are normally distrib-

uted [71]; otherwise, Spearman’s p is used [72]. Initial Kolmogorov–Smirnov tests re-

vealed that this study’s variables were normally distributed [73], thus compelling the use 

of Pearson’s r.  

Table 5. Correlation coefficients (Pearson’s) with risk and benefit perceptions as the dependent variables. 

. LNG Coal Hydropower Solar Nuclear Petroleum 

 RP BP RP BP RP BP RP BP RP BP RP BP 

Age 4 (p-value) 0.014 −0.042 0.036 0.031 
0.091 * 

(0.090) 
0.008 

0.091 * 

(0.091) 
−0.035 0.046 

0.119 ** 

(0.027) 
0.001 −0.033 

Gender  

(1 = male, 2 = female) 

0.105  

** 

(0.048) 

−0.025 

0.175 

*** 

(0.001) 

−0.036 
0.099 * 

(0.065) 
−0.081 

0.135 ** 

(0.012) 
−0.018 

0.144 *** 

 (0.007) 

−0.132 

** 

(0.014) 

0.081 

−0.138 

*** 

(0.009) 

Hometown 

(1 = Fukushima and 

neighboring prefec-

tures, 2 = other prefec-

tures) 

0.005 0.067 0.001 −0.008 −0.001 0.055 −0.068 0.019 −0.013 0.022 0.004 0.039 

Grade  0.000 −0.067 −0.022 0.075 0.037 0.055 0.097 0.024 0.045 0.025 −0.058 −0.040 

Affiliation  

(1 = science and engi-

neering, 2 = social sci-

ence) 

−0.008 0.053 −0.058 0.052 0.037 0.077 0.061 0.050 
−0.111 ** 

(0.038) 
0.072 −0.041 

0.099 * 

(0.064) 
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2 KLNG  0.021 

0.170 

*** 

(0.001) 

          

3 ELNG  0.028 0.052           

4 TLNG   0.010 

0.141 

*** 

(0.008) 

          

KCoal    
0.136 ** 

(0.010) 

0.304 

*** 

(0.000) 

        

ECoal   0.075 

0.144 

*** 

(0.006) 

        

TCoal    0.056 

0.220 

*** 

(0.000) 

        

KHydropower     
0.118 ** 

(0.118) 

0.309 

*** 

(0.000) 

      

EHydropower     
0.121 ** 

(0.024) 
−0.018       

THydropower     
0.104 * 

(0.055) 

0.291 

*** 

(0.000) 

      

KSolar       
0.109 ** 

(0.045) 

0.310 

*** 

(0.000) 

    

ESolar       
0.107 ** 

(0.047) 
0.044     

TSolar       
0.132 ** 

(0.014) 

0.197 

*** 

(0.000) 

    

KNuclear         
0.155 *** 

(0.004) 

0.393 

*** 

(0.000) 

  

ENulclear         
0.278 *** 

(0.000) 
0.081   

TNuclear         

−0.242 

*** 

(0.000) 

0.150 

*** 

(0.005) 

  

KPetroleum           0.032 
0.193 *** 

(0.000) 

EPetroleum           

0.214 

*** 

(0.000) 

0.016 

TPetroleum           0.035 
0.091 * 

(0.087) 

*** Significant at the 1% level, ** at the 5% level, and * at the 10% level; 2 K: knowledge, 3 E: experience, 4 T: trust, 4 p-value 

in parentheses. 
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Table 6. Correlation coefficients (Pearson’s) with acceptance as the dependent variable. 

 
Acceptancy 

LNG 

Acceptancy 

Coal  

Acceptancy 

Hydropower 

Acceptancy 

Solar 

Acceptancy 

Nuclear 

Acceptancy 

Petroleum 

Age  0.008 0.040 0.105 0.038 0.105 −0.024 

Gender (1 = male, 2 = female) 1 (p-value) −0.014 0.038 −0.056 0.004 
−0.173 *** 

(0.002) 

−0.113 ** 

(0.036) 

Hometown 

(1 = Fukushima and neighbor prefectures, 2 

= other prefectures) 

0.142 *** 

(0.009) 
0.032 0.056 −0.058 0.065 

0.129 ** 

(0.017) 

Grade  0.048 0.050 
0.154 *** 

(0.006) 
0.032 0.055 −0.018 

Affiliation  

(1 = science and engineering, 2 = social sci-

ence) 

−0.028 −0.014 −0.012 −0.053 
0.150 *** 

(0.008) 
0.069 

RPLNG 
−0.128 ** 

(0.018) 
     

BPLNG 
0.301 *** 

(0.000) 
     

RPCoal  
−0.187 *** 

(0.001) 
    

BPCoal  0.103     

RPHydropower   −0.029    

BPHydropower   
0.266 *** 

(0.000) 
   

RPSolar    0.086   

BPSolar    
0.431 *** 

(0.000) 
  

RPNuclear     
−0.351 ***  

(0.000) 
 

BPNuclear     
0.252 *** 

(0.000) 
 

RPPetroleum      
−0.166 ***  

(0.002) 

BPPetroleum      
0.131 ** 

(0.015) 
1 p-value in parentheses, *** Significant at the 1% level, ** at the 5% level 

4.1.1. Knowledge, Experience, Trust, and Risk and Benefit Perceptions 

A striking result is the strong correlation of knowledge with risk and benefit percep-

tions. In particular, knowledge showed a significantly positive correlation with the per-

ception of benefits from all energy sources at the 1% level. Knowledge also induced the 

highest positive risk perception (r = 0.155 ***, p = 0.004) and benefit perception (r = 0.393 

***, p = 0.000) with respect to nuclear power. This finding indicates that knowledge of 

nuclear power increases both the risk and benefit perceptions of students, consistent with 

the characteristics of nuclear power. Nuclear power is recognized as engendering sub-

stantial benefits for society, such as CO2 reduction, but it is also a threat to society due to 

enormous damage if an explosion accident happens. No significant correlations were 

found between knowledge and risk perception connected to LNG and petroleum. Even 

though LNG-based electricity accounts for a considerable percentage of power generation 

in Japan, the students’ knowledge of LNG was the lowest (mean = 2.375, SD = 1.062). This 

may have led to their nonsignificant risk perception regarding this mode of production. 
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Similar to LNG knowledge, that of petroleum power was low (mean = 2.701, SD = 0.984), 

which could also explain why risk perception was not significantly related to knowledge. 

The correlation between experience and risk perception was significantly positive for 

hydropower, solar and nuclear power, and petroleum, but the correlation between expe-

rience and benefit perception was nonsignificant for these energy sources. In particular, 

experience was strongly correlated with risk perception involving nuclear power (r = 0.278 

***, p = 0.000), with the students having experienced this mode of power generation exhib-

iting a low perception of risk. As shown in Table 4, for example, two questions were set: 

experiences of internship in power plants and working experiences in power plants from 

friends and family members (1 = yes, 2 = no). The values of experience were 1.941 for 

nuclear power and 1.977 for petroleum power, meaning that the students who had expe-

rience with the examined power sources were, at most, 3%. These significantly positive 

correlations with such a small percentage of experienced people imply that additional in-

formation obtained through experience contributes to reductions in risk perception. These 

findings did not hold for coal and LNG. For coal, the correlation between experience and 

risk perception was nonsignificant (r = 0.075), but its correlation with benefit perception 

was significant (r = 0.144 ***, p = 0.006). This result indicates that students with experience 

have a significantly low benefit perception. Possibly, the additional information on coal 

and LNG obtained through experience differs from that derived on nuclear and petroleum 

power.  

Trust in government and power operation organizations, generally, had a positively 

significant correlation with benefit perception (LNG: r = 0.141 ***, p = 0.008; coal: r = 0.220 

***, p = 0.000; hydropower: r = 0.291 ***, p = 0.000; solar: r = 0.197 ***, p = 0.000; nuclear: r = 

0.150 ***, p = 0.000; petroleum: r = 0.099 *, p = 0.064). However, it was also negatively and 

significantly correlated with risk perception toward nuclear power generation (r = −0.242 

***, p = 0.000). This finding can be explained by the adverse effects of the nuclear power 

explosion in Fukushima Prefecture. 

4.1.2. Risk and Benefit Perceptions and Energy Acceptance 

On the basis of the results summarized in Table 6, two interesting insights were ob-

tained with regard to demographic factors. The first is that the female students registered 

a lower acceptance of nuclear (r = −0.173 ***, p = 0.002) and petroleum (r = −0.113 **, p = 

0.036) power generation than that exhibited by the male students. The second is that the 

students hailing from Fukushima Prefecture and its neighboring districts showed a lower 

acceptance of LNG and petroleum power generation than that shown by the students 

from other prefectures. The risk perception of the students was significantly and nega-

tively correlated with the acceptance of all traditional energy sources and nuclear power, 

but it was not significantly correlated with renewable energy (hydropower and solar). 

This finding can be explained by the fact that the risks perceived by the students with 

respect to traditional and nuclear energy generation predicted their acceptance, whereas 

the risks discerned in relation to renewable energy did not. This result is the first to be 

derived in connection to the comparison of risk perceptions regarding renewable and tra-

ditional energy. Conversely, benefit perception significantly and positively correlated 

with the acceptance of energy sources, except coal. This may be explained by the air pol-

lution issue, particularly the air pollution situation in China, which has reduced the ben-

efit of coal-based power generation from the students’ perspectives. 

4.2. Regression Analysis Results for Hypothesis 1 (Dependent Variables: Risk and Benefit 

Perceptions) 

Figure 6 illustrates the marginal effects of the independent variables on the students’ 

risk and benefit perceptions regarding the main energy generation sources in Japan. In-

terestingly, gender significantly predicted the risk perception toward power generation 

for most of the energy sources, but it was a nonsignificant factor in predicting benefit per-

ception. This result indicates that female students have a higher risk perception than male 
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students, consistent with the findings of previous risk perception studies [74]. A higher 

year level also significantly lowered the risk perception toward petroleum and signifi-

cantly increased the benefit perception toward hydropower. 

We examined how knowledge, experience, and trust can predict students’ risk and 

benefit perceptions. The results showed that knowledge positively affected the respond-

ents’ risk perception toward coal, solar, and nuclear power, implying that as knowledge 

of various power generation methods increases, so does the risk perception of students. 

In particular, the risk perception toward coal and nuclear power was at the 1% signifi-

cance level. This view of coal and nuclear power generation can be explained by adverse 

air pollution and CO2 effects and the Fukushima nuclear accident, respectively. 

Knowledge also more significantly affected benefit perception than risk perception. Fi-

nally, knowledge predicted the benefit perception toward most of the energy sources at 

the 1% significance level (LNG at the 5% significance level) (Figure 6). In other words, 

energy knowledge more considerably increased the students’ benefit perception than risk 

perception.  

Mixed results were derived as to the influence of experience on the different energy 

sources. First, it significantly predicted the risk perception of nuclear power, hydropower, 

and solar power generation. The students with experience of these energy sources had 

low risk perception toward nuclear power; however, intriguingly, experience imposed the 

same influence on renewable energy. Second, experience significantly predicted only the 

benefit perception toward coal power generation; the opposite was found with respect to 

the three aforementioned energy sources. The students with experience of coal power gen-

eration had a low benefit perception of this production mode. Students are expected to 

obtain extra information through experience gained via visits and internships in power 

plants or from friends or relatives who have worked in these facilities. This additional 

information worked “constructively” for nuclear power, hydropower, and solar power 

generation but “unconstructively” for coal power generation.  

Trust in government and power company operation negatively affected the risk per-

ception toward nuclear power at the 1% significance level. As previously explained, the 

less trust the students had, the higher the risk perception generated—a tendency at-

tributed to the nuclear accident. Trust more strongly predicted benefit perception than 

risk perception. As indicated in Figure 6a–c,e, greater trust showed a more positive rela-

tionship with the benefit perception toward LNG, coal, hydropower, and nuclear power 

generation, with significance at the 1% level for the last three sources. 
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Figure 6. Regression. 1 p-value in parentheses, *** Significant at the 1% level, ** at the 5% level, and * at the 10% level. 
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4.3. Regression Analysis Results for Hypothesis 1 (Dependent Variables: Risk and Benefit 

Perceptions) 

An interesting finding is that hometown location had a positively significant effect 

on the acceptance of LNG- and petroleum-based power generation, revealing that stu-

dents who came from Fukushima Prefecture or neighboring districts were less willing to 

accept these energy sources than the students hailing from the other prefectures. This 

finding may be explained by the fact that, when the students had an unclear understand-

ing of the adverse effects of LNG and petroleum, they did not want to take the risk of 

accepting these energy sources.  

The students’ benefit perception more strongly explained energy acceptance than 

risk perception. Risk perception negatively predicted the acceptance of LNG, coal, nuclear 

power, and petroleum at the 1% significance level, but it was not a significant factor for 

renewable energy, hydropower, and solar energy. These results reflect that students do 

not fully acknowledge the disadvantages of renewable energy. At the same time, benefit 

perception significantly predicted the acceptance of all the examined power generation 

modes, indicating that students’ value benefits more than risks when choosing energy 

sources. 

4.4. Energy Categorization Based on Results 

With the results in Figure 6 as grounding and the relationships among the students’ 

knowledge, experience, trust, risk and benefit perceptions, and acceptance, we classified 

the examined energy sources into three categories (Table 7). The first category is LNG and 

petroleum (Figure 6a,f), for which the students’ knowledge levels were the lowest. This 

insufficient knowledge could be the reason why the influencing factors minimally affected 

the students’ risk and benefit perceptions. Furthermore, although the students’ risk and 

benefit perceptions negatively and positively predicted acceptance, respectively, there is 

the possibility that the results may not accurately reflect reality because the students may 

not have correctly understood the risk- and benefit-related determinants. We call this clas-

sification “obscure energy.”  

The second energy classification comprises coal and nuclear power (Figure 6b,e). Be-

cause of the long-term application of these sources, residents interact more extensively 

with these types of energy in daily life, as can be seen from their availing of these stable 

power sources, the suffering that they endured because of the nuclear accident, and air 

pollution. Given these interactions, the students were familiar with the advantages and 

disadvantages of these energy sources. Therefore, their knowledge, experience, and trust 

predicted their risk and benefit perceptions with respect to this energy classification. Their 

perceptions also strongly predicted their acceptance of these energy sources. We refer to 

the second category as “well-known energy.” 

The third class of energy sources consists of hydropower and solar power (Figure 

6c,d). The results demonstrated that only benefit perception significantly predicted the 

acceptance of these energy sources, possibly because of their distinguished characteristics. 

Many of the current energy policies in the world focus on the development of renewable 

energy, and the education and media domains emphasize the advantages and benefits of 

such development. The problem is that this emphasis on benefit seemed to have obscured 

the influence of risk perception on energy acceptance, albeit the risk perception of the 

students was not necessarily low. Particularly for solar energy, the usage period remains 

limited. This deficiency may further reduce the influence of risk perception on energy 

acceptance. We call the third class of sources “exploratory energy.” 

The classification of energy sources on the basis of students’ knowledge, experience, 

trust, risk and benefit perceptions, and energy acceptance is a first in energy studies. 
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Table 7. Categorization of energy types. 

Energy Classifi-

cation. 

Energy 

Source 
Characteristics 

Blind 
LNG, pe-

troleum 

・ Insufficient knowledge 

・ Only knowledge affected benefit perception 

・ No influencing factors predicted risk perception 

・ Students who came from other prefectures (not Fuku-

shima and its neighboring prefectures) had high acceptance 

levels 

Well- known 
Coal, nu-

clear 

・ Influencing factors (knowledge, experience, trust) sig-

nificantly affected risk or benefit perception 

・ Risk and benefit perceptions significantly predicted 

acceptance (p < 0.01) 

Exploratory 

Hydro-

power, so-

lar 

・ Experience significantly predicted risk perception 

・ Only benefit perception predicted acceptance 

5. Conclusions and Policy Implications 

This study analyzed the determinants of students’ risk and benefit perceptions re-

garding the main energy generation sources in Japan and their acceptance of these 

sources. Gender predicted the risk perception of most of the energy sources examined, 

except petroleum. Knowledge was a significant predictor of the risk perception toward 

coal, nuclear, and solar power generation. Experience explained the risk perception to-

ward hydropower, solar power, and nuclear power at a significant level, while trust had 

no effect on risk perception, except with respect to nuclear power generation. Knowledge 

significantly predicted the students’ benefit perception of all the kinds of power genera-

tion modes, but experience accounted for only the benefit perception toward coal power 

generation. Trust was much more powerful in predicting benefit perception than risk per-

ception. It is an important factor that affects the likelihood of benefit perception regarding 

LNG, coal, hydropower, and nuclear power. These findings represent new contributions 

to the literature, as few studies have empirically examined the influencing factors of risk 

and benefit perceptions toward various power generation approaches. With the results as 

reference, as well, we inquired into the various energy acceptance levels determined by 

risk and benefit perceptions. We illustrated that the students’ benefit perception more 

strongly explained energy acceptance than risk perception. Moreover, the results involv-

ing the hypotheses enabled us to classify the energy sources into blind (LNG and petro-

leum), well-known (coal and nuclear), and exploratory (hydropower and solar) energy. 

These results not only expand important dimensions of research on energy acceptance but 

also reveal the important roles of risk and benefit perceptions in energy acceptance in the 

real world. This study is also the first to classify energy sources on the grounds of stu-

dents’ knowledge, experience, trust, risk and benefit perceptions, and energy acceptance. 

This classification is expected to contribute to the design of energy education programs to 

fulfil the university social responsibility.  

Overall, the students’ knowledge, experience, and trust more strongly predicted ben-

efit perception than risk perception. Although both risk and benefit perceptions were im-

portant predictors of energy acceptance, the students’ benefit perception more considera-

bly affected acceptance. This result can be explained by three issues. First, most of the 

knowledge regarding various energy resources that the students obtained were ad-

vantages, particularly for renewable energy. Because the students had more experience 

and knowledge of coal and nuclear power, their risk perception regarding these types of 

energy was higher than that toward the other sources. However, the students still per-

ceived substantial benefits from coal and nuclear power. Second, the usage period affected 
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the students’ perceptions. Because the application of renewable energy is in its infancy 

compared with traditional energy and because the government promotes this source to 

reduce the greenhouse effect, the students with less experience of renewable energy per-

ceived high benefits from this energy source and exhibited considerable acceptance of it. 

Meanwhile, coal power, which has seen long-standing application, and nuclear power, 

which caused accidents, were seen as having both benefits and adverse effects on people’s 

lives. It was easier for the students to judge the risks and benefits and whether to accept 

these technologies.  

The key findings can guide the effective design and implementation of public policy 

interventions intended for intention and behavioral change in the energy education con-

text in Japan and elsewhere. Although we do not discount the effects of local culture on 

shaping energy-related perceptions [75], the difference between the factors influencing 

risk and benefit perceptions and energy acceptance prevailed to a sufficient extent for us 

to assume a minimized probability of its being unique to Japanese students. Thus, lessons 

learned from the situation of Japanese students’ may inform education programs and pol-

icies for intention and behavioral change intervention among other learners in other re-

gions. Second, the results provide new evidence of the importance of energy knowledge 

in students’ energy-related risk and benefit perceptions, which influence their energy ac-

ceptance levels. Students absorb energy knowledge primarily through the media, the In-

ternet, and experience, among other sources. Given that the advantages and disad-

vantages of each energy type are incompletely reviewed, students have a biased judgment 

toward some energy sources. Thus, we suggest that energy education be introduced into 

undergraduate courses to broaden students’ knowledge and strengthen their awareness 

of the merits and drawbacks of energy sources from economic, environmental, energy 

efficiency, and energy safety perspectives. In addition, students should accumulate expe-

riences of visiting power plants for them to understand the energy situation; this can also 

be beneficial in the energy choices that they make later in life. Trust in government and 

power plants has become essential, particularly after the occurrence of nuclear accidents. 

Therefore, to reduce students’ risk perception and build a trusting relationship, the gov-

ernment and power plants should provide safe and stable services. Once trust is de-

stroyed, it is difficult to recover. Furthermore, benefit perception more strongly predicted 

energy acceptance than risk perception, thus highlighting the need to increase the benefits 

of power generation, which will accordingly enhance students’ energy acceptance. We 

recommend that power plants consider providing low prices, protecting the environment, 

and ensuring a safe and stable power supply for residents. Because it is difficult for a given 

energy source to satisfy all standards of benefit creation, multiple energy resources can be 

introduced on the basis of local characteristics. This strategy entails cooperation among 

various power plants and can be an important topic in the energy field. Finally, we sug-

gest that education programs be designed on the grounds of blind, well-known, and ex-

ploratory energy, with education plans organized on the basis of the characteristics of 

each classification. 

Overall, this study presented crucial findings for decision makers regarding energy 

education in undergraduate programs. These insights include what factors influence un-

dergraduates’ energy perceptions and how their energy acceptance can be increased. We 

believe that our findings make an important contribution to addressing the lack of 

knowledge regarding the main energy sources currently used in Japan. This research 

might also serve as an important reference on (1) the influencing factors of students’ risk 

and benefit perceptions toward various energy types; (2) the relationship among risk per-

ception, benefit perception, and energy acceptance; and (3) energy education programs 

that can later benefit the energy market.  

Similar to other studies, this research is encumbered by certain limitations. Although 

we tried our best to verify this study in a broad manner by interviewing undergraduate 

students, having a discussion in class, and conducting a questionnaire survey, there may 

still be unavoidable and unexpected biases in relation to the results on predicting energy 
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acceptance. Therefore, further research on students’ energy acceptance should be devel-

oped and conducted, including international comparisons, to confirm the robustness of 

the results on a wider scale. Such research is crucial to the development of energy educa-

tion programs in the long run. 

Author Contributions: Conceptualization, L.W. and K.W.; methodology, L.W.; software, K.W.; val-

idation, L.W., K.W. and T.W.; formal analysis, K.W.; investigation, L.W. and K.W.; writing—original 

draft preparation, L.W.; writing—review and editing, L.W. and T.W.; supervision, T.W.; funding 

acquisition, T.W. All authors have read and agreed to the published version of the manuscript. 

Funding: This research was funded by Kochi University of Technology. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Informed consent was obtained from all participants involved in the 

study. 

Data Availability Statement: The data presented in this study are available on suitable demand. 

Acknowledgments: The authors are grateful for the anonymous referees’ constructive comments; 

the questionnaire respondents from the schools of regional design, agriculture, education, in-terna-

tion, and engineering in Universities; and the third-year civil engineering students at the university 

who gave constructive comments during the group discussions. We also thank the assistance of 

language editor. 

Conflicts of Interest: The authors declare no conflict of interest. 

Nomenclature  

Risk perception RP 

Benefit perception BP 

Liquid natural gas LNG 

Feed-in tariff FIT 

Willingness to pay WTP 

General electricity utilities GEUs 

Power producers and suppliers PPSs  

Contingent valuation CV 

Energy security, environmental protection, and 

efficient supply 

3Es 

Economic efficiency, environment, energy 

security and safety 

3Es + S 

Ministry of Economy, Trade and Industry of 

Japan 

METI 

Greenhouse gas GHG 

Ordinary least squares OLS 

Nuclear Regulation Authority  NRA 
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