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The ongoing COVID-19 pandemic, which began in early 2020, is a global public health crisis. To prevent the spread of COVID-19, it is necessary to promote vaccine administration and preventive behaviors (e.g., mask, handwashing, social distancing). However, some people have negative attitudes toward vaccine administration and preventive behaviors. Based on the information-deficit model, the present study investigated how scientific literacy and perceived understanding of COVID-19 are associated with attitudes toward COVID-19 vaccinations and preventive behaviors. The findings demonstrated that both scientific literacy and perceived understanding of COVID-19 vaccines were positively associated with attitudes toward COVID-19 vaccines. Additionally, perceived understanding of COVID-19 preventive behaviors (but not scientific literacy) was positively associated with attitudes toward/practice of COVID-19 preventive behaviors. Collectively, our findings revealed the role of cognitive factors in preventing the global public health crisis and demonstrated the roles of objective and subjective knowledge on attitudes toward COVID-19 vaccinations and preventive behaviors.
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INTRODUCTION
The COVID-19 pandemic is a global public health crisis. In December 2019, SARS-CoV-2 emerged in Wuhan, China. Following this, the virus spread around the world and has now killed millions of people (Rodríguez Mega, 2020). To prevent the spread of COVID-19, it is crucial to promote vaccine administration and preventive behaviors (e.g., mask, handwashing, social distancing). However, the rate of some of preventive behaviors is still less than optimal (Azlan et al., 2020; He et al., 2021) and a certain percentage of people are reluctant to get vaccinated. A global survey across 19 countries has indicated that 14.2% of respondents are reluctant to accept a COVID-19 vaccine even if it is generally available (Lazarus et al., 2021). It has also been reported that 25.9% of respondents are reluctant to accept a COVID-19 vaccine on their employer’s recommendation (Lazarus et al., 2021). Given considerable variation of attitudes toward the vaccinations and preventive behaviors, it is important to gauge the factors underlying these individual differences.
Information-Deficit Model
The information-deficit model is a theoretical framework for science communication including attitudes toward COVID-19 vaccines and preventive behavior (Ransing et al., 2021). The information-deficit model assumes that the public is rational, and it also suggests that hesitancy of vaccines/preventive behaviors might be due to insufficient scientific knowledge (Ransing et al., 2021). It should be noted that this model has been criticized (see Smith, 2017). One study has shown that providing scientific knowledge to people does not always increase vaccination acceptance (Sadaf et al., 2013). However, in terms of attitudes toward COVID-19 vaccines/preventive behavior, there have been some findings consistent with the information deficit model.
Factors Associated With COVID-19 Vaccine Attitudes
Previous research has revealed that factors associated with scientific knowledge are linked with COVID-19 vaccine attitudes (e.g., Petravić et al., 2021; Robertson et al., 2021; Sturgis et al., 2021). Educational levels were associated with COVID-19 vaccine refusal/hesitancy (Petravić et al., 2021; Robertson et al., 2021; Schwarzinger et al., 2021). Those with higher (vs. lower) educational levels tend to be less hesitant to COVID-19 vaccinations (Petravić et al., 2021; Robertson et al., 2021; Schwarzinger et al., 2021). Furthermore, it has been shown that psychological factors such as trust in the vaccine safety (Karlsson et al., 2021), trust in science (Sturgis et al., 2021), and perceived vaccine safety (Karlsson et al., 2021) are positively associated with vaccination intentions or confidence about vaccination. Additionally, cognitive factors including higher analytical reasoning skills (Murphy et al., 2021), higher scientific reasoning skills (ability to understand statistical information such as “causation vs. correlation”) (Čavojová et al., 2020), and higher cognitive functions (measured by diverse cognitive tests including verbal declarative memory) (Batty et al., 2021) were associated with positive attitudes toward COVID-19 vaccination. These findings suggest that scientific knowledge might relate to COVID-19 vaccine attitudes.
Factors Associated With Attitudes Toward/Practice of COVID-19 Preventive Behaviors
A growing body of evidence has also revealed that factors associated with scientific knowledge have influenced on attitudes toward/practice of COVID-19 preventive behaviors (e.g., Brzezinski et al., 2020; Xu and Cheng, 2021). For instance, those who have greater belief in science (Stosic et al., 2021), higher need for cognition (Xu and Cheng, 2021), and higher self-control (Xu and Cheng, 2021) reported frequent mask-wearing behavior during the pandemic. Furthermore, those who have a higher need for cognition (Xu and Cheng, 2021), higher self-control (Xu and Cheng, 2021), and higher working memory capacity (Xie et al., 2020) were more likely to follow social distancing during the COVID-19 pandemic. Moreover, recent research has shown that anti-intellectualism (distrust of experts and intellectuals) is associated with less mask usage and social distancing (Merkley and Loewen, 2021). Given these findings, it might be suggested that scientific knowledge relates to attitudes toward COVID-19 preventive behaviors.
The Role of Scientific Literacy as Objective Knowledge of Science
Based on the information-deficit model, the present study investigated the role of scientific literacy on attitudes toward COVID-19 vaccines and preventive behaviors. Scientific literacy is a cognitive factor depicting objective knowledge of science (Fernbach et al., 2019), though there have been debates on the precise definition (Miller, 1983). The information-deficit model assumes that a lack of scientific literacy contributes to negative attitudes toward science (e.g., Bak, 2001). Relevant to the present study, a line of research has shown that scientific literacy is associated with attitudes toward biotechnology-related topics (Rutjens et al., 2018; Fernbach et al., 2019; McPhetres et al., 2019). For example, those who have lower scores on scientific literacy tend to show negative attitudes toward vaccines (Rutjens et al., 2018). Although the importance of scientific literacy in the era of COVID-19 has been suggested (Fotou and Constantinou, 2020), little is known about how scientific literacy associates with attitudes toward COVID-19 vaccines and preventive behaviors. With this in mind, the present study investigated how scientific literacy relates to attitudes toward COVID-19 vaccines and preventive behaviors.
METHODS
Participants
A total of 500 Japanese participated in an online survey in exchange for 100 JPY. The participants were recruited on Crowdworks (https://crowdworks.jp/) and they completed the survey on Qualtrics (https://www.qualtrics.com/jp/). A priori power analyses using G*power (Faul et al., 2007) indicates that 451 participants would be sufficient to detect a small effect size (f2 = 0.02) with 85% power at an alpha level of 0.05. Given the possibility that some of participants would fail the attention check, we collected data from 500 participants. No participants failed the attention check and the final data collected included all 500 participants (296 males, 196 females, 8 prefer not to say, mean age of 39.30, SD = 9.99). The data were collected in April 2021, the critical period when COVID-19 vaccines are scheduled to become available to the general public in Japan. Studies described herein were approved by the ethics committee of School of Medicine Tohoku University and were conducted in accordance with the Declaration of Helsinki. Our study was pre-registered on AsPredicted.org (#63121).
Measures
Scientific Literacy
The degree of scientific literacy was measured by objective knowledge about science (Fernbach et al., 2019). Participants asked 15 true−false questions on scientific literacy (e.g., “Electrons are smaller than atoms”) adapted from Fernbach et al. (2019). The questions are based on a 7-point scale anchored by “definitely true” and “definitely false.” We calculated −3 to 3 points depending on the correctness. For example, we calculated 3 points (−3 points) when a participant chose “definitely true” and the correct answer was “true” (“false”). The total points across all questions were regarded as the measure of scientific literacy (Fernbach et al., 2019). All questions are provided in Appendix A.
Perceived Understanding of COVID-19 Vaccines and Preventive Behaviors
The perceived understanding of COVID-19 vaccines and preventive behaviors were measured, respectively. Participants read the instructions on how to evaluate their levels of perceived understanding. The instructions were the same as previous literature on genetically modified foods (Fernbach et al., 2019) and are shown in Appendix B. Next, the participants rated their perceived understanding of COVID-19 vaccines and preventive behaviors, respectively on a single item of a 7-point scale anchored by “vague understanding” and “thorough understanding”.
Attitudes Toward COVID-19 Vaccines
Attitudes toward COVID-19 vaccines were measured by three items. Participants answered their COVID-19 vaccine intention, trust in COVID-19 vaccines, and perceived efficacy of COVID-19 vaccines on a 7-point Likert scale (1 = not at all, 7 = very much). The mean ratings of three items were used as an indicator of attitudes toward COVID-19 vaccines (α = 0.875). A higher score indicates greater positive attitudes toward COVID-19 vaccines.
Attitudes Toward COVID-19 Preventive Behaviors
Attitudes toward COVID-19 preventive behaviors were measured by three items. Participants answered their belief about the efficacy of COVID-19 preventive behavior (mask use, hand wash, and three Cs1) on a 7-point Likert scale (1 = not at all, 7 = very much). The mean ratings of their beliefs about the efficacy of COVID-19 were used as indicators of attitudes toward COVID-19 preventive behaviors (α = 0.788). A higher score indicates more positive attitudes toward COVID-19 preventive behaviors.
Practice of COVID-19 Preventive Behaviors
The practice of COVID-19 preventive behaviors was measured by three items. Participants answered their daily frequency of COVID-19 preventive behaviors (mask use, hand wash, and three Cs) on a 7-point Likert scale (1 = not at all, 7 = very much). The mean ratings of three items were regarded as an indicator of practice of COVID-19 preventive behaviors (α = 0.740). A higher score indicates more frequent practices of COVID-19 preventive behaviors.
The Fear of COVID-19 Scale
The Japanese version (Wakashima et al., 2020) of the Fear of COVID-19 scale (Ahorsu et al., 2020) was collected. The scale includes 7-items and one factor. The scale indicated adequate internal reliability (α = 0.87; ω = 0.92) (Wakashima et al., 2020). Participants rated each item on a five-point scale from 1 (strongly disagree) to 5 (strongly agree). The total score was used for analyses, with a higher score indicating greater fear of COVID-19.
Survey Procedure
First, participants answered questions on two blocks (subjective knowledge about COVID-19 vaccines and preventive behaviors, scientific literacy). The order of blocks and items within blocks were randomized. Next, participants indicated their attitudes toward COVID-19 vaccines and their attitudes toward/practice of COVID-19 preventive behaviors. The order of questions (attitudes toward COVID-19 vaccines, attitudes toward and practices of COVID-19 preventive behaviors) were randomized. The items within the questions were also randomized. Finally, participants answered the Japanese version of the Fear of COVID-19 scale (Wakashima et al., 2020), their demographic information (gender, age, educational level), and whether or not they have underlying disease(s).
Statistical Analysis
We conducted regression analyses (ordinary least squares: OLS) to investigate how 1) scientific literacy relates to attitudes toward COVID-19 vaccines; 2) scientific literacy relates to attitude toward/practice of COVID-19 preventive behaviors; 3) perceived understanding of COVID-19 vaccines relates to attitudes toward COVID-19 vaccines; 4) perceived understanding of COVID-19 preventive behaviors relates to attitudes toward/practice of COVID-19 preventive behaviors. Additionally, by adding education level as a covariate, we conducted multiple regression analyses.
We also conducted regression analyses to investigate the role of gaps between scientific literacy and perceived understanding of COVID-19 vaccines and preventive behaviors. The gaps were calculated by subtracting the (z-scored) scientific literacy from the (z-scored) perceived understanding. Specifically, we conducted the following regression analyses: 1) the role of the gaps on attitudes toward COVID-19 vaccines; 2) the role of the gaps on attitudes toward/practice of COVID-19 preventive behaviors. These analyses did not yield significant results (Supplementary Table S1) and are not discussed further.
RESULTS
Demographic information of the participants is shown in Table 1. The zero-order correlations of variables are presented in Figure 1. The results of regression analysis indicated that scientific literacy was positively associated with attitudes toward COVID-19 vaccines (Table 2). In contrast, scientific literacy did not relate to attitudes toward/practice of COVID-19 preventive behaviors. The results also indicated that perceived knowledge of COVID-19 vaccines was positively correlated with attitudes toward COVID-19 vaccines. Similarly, perceived knowledge of COVID-19 preventive behavior was positively associated with attitudes toward and practice of COVID-19 preventive behaviors. Visual illustrations of the main findings are shown in Figure 2.
TABLE 1 | Demographic information of the participants.
[image: Table 1][image: Figure 1]FIGURE 1 | Heat map showing zero-order correlations among variables.
TABLE 2 | Roles of scientific literacy and perceived understanding on attitudes toward vaccines and attitudes/practices of COVID-19 preventive behavior.
[image: Table 2][image: Figure 2]FIGURE 2 | (A) Scatterplot of the relations between scientific literacy and COVID-19 vaccine attitudes. (B). Scatterplot of the relations between perceived understanding of COVID-19 vaccines and COVID-19 vaccine attitudes. The solid lines represent best-fitting regression lines. The shaded areas represent the 95% confidence interval around the regression line.
It is possible that educational levels influence our main findings. In other words, the relations between scientific literacy and attitudes toward COVID-19 vaccines might reflect education levels. To test this possibility, we re-ran the main analyses including education level as a covariate. The results of additional analyses demonstrated that the key findings remain significant after controlling educational level (Table 3).
TABLE 3 | Roles of scientific literacy and perceived understanding on attitudes toward vaccines and attitude/practice of COVID-19 preventive behaviors after controlling for educational level.
[image: Table 3]Given the above findings, it might be possible that scientific literacy relates to perceived understanding of COVID-19 vaccines, which in turn affect attitudes toward COVID-19 vaccines. For exploratory purposes, we conducted a mediation analysis using the PROCESS macro for SPSS (Hayes, 2013) with 5,000 bootstrap samples. In this analysis, we entered scientific literacy as the independent variable (X), attitudes toward COVID-19 vaccines as the outcome variable (Y), perceived understanding of COVID-19 vaccines as the mediator variable (M). If the 95% bias-corrected confidence intervals did not include zero, we regarded them as significant (Preacher and Hayes, 2004).
The results demonstrated that perceived understanding of COVID-19 vaccines partially mediated the relations between scientific literacy and attitudes toward COVID-19 vaccines (Figure 3). That is, participants with scientific literacy may have more perceived understanding of COVID-19 vaccines and subsequently have more positive attitudes toward COVID-19 vaccines.
[image: Figure 3]FIGURE 3 | The relations between scientific literacy and attitudes toward COVID-19 vaccines mediated by perceived understanding of COVID-19 vaccines. Unstandardized coefficients are displayed. Standard errors are represented in parentheses. *p < 0.05.
DISCUSSION
The present study investigated how scientific literacy and perceived understanding of COVID-19 are associated with attitudes toward COVID-19 vaccines and preventive behaviors. The findings demonstrated that both scientific literacy and perceived understanding of COVID-19 vaccines are positively associated with attitudes toward COVID-19 vaccines. Additionally, perceived understanding of COVID-19 preventive behaviors (but not scientific literacy) is positively associated with attitudes toward/practice of COVID-19 preventive behaviors. Collectively, these findings revealed the role of cognitive factors in preventing the global public health crisis and demonstrated the roles of objective and subjective knowledge on attitudes toward COVID-19 vaccinations and preventive behaviors.
Our findings contribute to the role of scientific literacy on public attitudes to science and technology topics. Previous research found that the role of scientific literacy on public attitudes to science and technology issues is dependent on the type of issues (Drummond and Fischhoff, 2017; Fernbach et al., 2019). On the one hand, those with more science literacy tend to display polarized beliefs on some issues (e.g., stem cell research, human evolution) (Drummond and Fischhoff, 2017). On the other hand, those with higher science literacy tend to accept or display positive attitudes toward nanotechnology and genetically modified foods (Drummond and Fischhoff, 2017; Fernbach et al., 2019). Our findings demonstrated the positive impact of scientific literacy on attitudes to COVID-19 vaccines (but not COVID-19 preventive behaviors). These findings suggest that scientific literacy might be positively associated with topics relevant to technology (e.g., nanotechnology, genetically modified foods, COVID-19 vaccines).
Contrary to COVID-19 vaccinations, we found no significant relations between scientific literacy and attitudes toward/practice of COVID-19 preventive behaviors. The non-significant relation of scientific literacy is largely consistent with previous research (Rutjens et al., 2018; Fernbach et al., 2019). For example, Fernbach and colleagues revealed that scientific literacy was associated with attitudes toward genetically modified foods but not climate change attitudes (Fernbach et al., 2019). This suggests that scientific literacy does not always explain the attitudes to scientific or public health issues. One possible reason for the null results of attitudes toward/practice of COVID-19 preventive behaviors is baseline differences in attitudes. Our participants show more positive attitudes toward COVID-19 preventive behaviors (M = 5.484) than COVID-19 vaccinations (M = 4.319). Moreover, participants have already adopted COVID-19 preventive behaviors in their everyday life (M = 6.262). This might diminish the effects of scientific literacy on attitudes toward/practice of COVID-19 preventive behavior. Rather, other motives such as conformity to social norms might have prominent roles in attitudes toward/practice of COVID-19 preventive behaviors (see Nakayachi et al., 2020).
Our findings support the knowledge deficit model. The model attributes public skepticism or misunderstanding of science to a lack of knowledge (Bak, 2001). The model implies that experts should transfer their scientific communications to the general public to foster their scientific knowledge. Our findings demonstrated that both general scientific knowledge and perceived knowledge of COVID-19 vaccinations positively associate with attitudes toward COVID-19 vaccinations. Moreover, perceived understanding of COVID-19 preventive behaviors is positively associated with attitudes toward/practice of COVID-19 preventive behaviors. These findings suggest that potential campaigns and interventions aimed at increasing COVID-19 vaccinations and preventive behaviors might result in increased acceptance of COVID-19 vaccinations and preventive behaviors. Together, the present results provide partial support for the knowledge deficit model within the context of COVID-19 vaccinations and preventive behaviors.
Our data were collected in April in Japan when the vaccinations were still limited to health care workers and the general public was waiting for vaccine distribution. Recent research in Japan found that only 62.1% of respondents had a high likelihood of getting vaccinated (Machida et al., 2021). This implies the variability of the vaccine attitudes in Japan. The present findings demonstrated that the higher levels of scientific literacy and perceived understanding of vaccines were associated with greater positive the attitude toward vaccination. Our findings might contribute to understanding the heterogeneity of the vaccine attitudes in Japan and provide useful information for the development of strategies to promote vaccine acceptance.
In a broad sense, this study aimed to find out how to stop the global epidemic of COVID-19 as quickly as possible, but at the same time, it also suggests the importance of science communication to increase scientific literacy to the general public from normal times as a role of scientists. Future work should investigate whether high scientific literacy, which supports high levels of preventive behaviors toward COVID-19 as shown in this study, is broadly related to health behaviors.
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FOOTNOTES
1The 3Cs is a slogan coined by the Japanese government in 2020 for warning people to avoid three factors of cluster infection. The 3Cs stands for Closed spaces with poor ventilation, Crowded places with many people nearby, and Close-contact settings such as close-range conversations.
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