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Abstract

In this study, we explored science understanding and attitudes in Japan compared to the
United Kingdom (UK) and the United States (US), examining trust in science versus
humanities. Our web-based survey revealed that Japan’s research literacy matches its
Western counterparts. However, there were notable differences in scientific knowledge depth
and public trust in research. Interestingly, higher scientific knowledge correlated with
increased trust in research outcomes, a trend not seen in the humanities. In Japan, political
ideologies did not significantly influence trust in science or humanities and showed little
correlation with scientific knowledge or research literacy. This contrasts with the UK and the
US, where political ideology impacts public trust in these fields.
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1 = Introduction

Trust in science is a critical issue in the current climate of distrust surrounding the COVID-19
vaccine and the “post-truth” discourse. Many people have become increasingly skeptical
about scientific information and its sources, and this skepticism, part of a broader trend, has
led to mistrust of science [Lupia et al., 2024]. Consequently, misinformation and doubts
about scientific integrity have gained traction, leading to significant societal and health
impacts. Trust in science is one of the most important concepts in the contemporary debate
about the relationship between science and society [Weingart & Guenther, 2016]. It is
essential for ensuring public engagement with scientific initiatives, fostering informed
decision-making, and maintaining social cohesion. The erosion of this trust can hinder
public acceptance of scientific recommendations, such as vaccination campaigns [Hall
Jamieson et al., 2021], and impede scientific research and its application in policy making.

However, this is not a new phenomenon. The field of science communication has been
discussing it for decades. In 2000, the Select Committee on Science and Technology of the
House of Lords (the second chamber of the UK Parliament) published a report titled “Science
and Society, 3rd report”. The report highlighted “an apparent crisis of trust” in science and
emphasized the need to rebuild trust by promoting dialogue between science and society
[House of Lords, 2000]. This aligns with the discourse on Public Engagement with Science
(PES), where trust becomes a significant factor [Bauer et al., 2007].

According to Bauer and Falade [2021], Public Understanding of Science (PUS) underwent a
significant transformation in the mid-1990s. The Bodmer Report, published by the Royal
Society in 1985, played a crucial role in promoting PUS at that time. It suggested that
increasing public knowledge would lead to more positive attitudes toward science. The
Bodmer Report noted that most existing surveys have focused on the public’s attitude toward
science and technology, neglecting to assess their understanding of science. The report
recommended promoting research to measure PUS and evaluate the effects of improved
understanding [The Royal Society, 1985]. The scientific knowledge questionnaire (discussed
later), initially developed as part of the ‘Scientific Literacy’ paradigm [Bauer et al., 2007
Miller, 1998], gained further relevance in the context of Public Understanding of Science
(PUS) research in the mid-1990s.

In addition, the relationship between scientific literacy and trust, referred to as the ‘deficit
model’, faced immense criticism in the 1990s [Irwin & Wynne, 1996]. The deficit model refers
to the notion that a lack of scientific knowledge leads to negative attitudes towards science.
Conversely, it suggests that increased knowledge leads to positive attitudes. However,
empirical evidence supporting this model is limited and controversial [Allum et al., 2008].
Critics argued that public mistrust in science was not solely due to a lack of understanding.
They suggested that this was related to broader social and cultural factors. Trust as a
concept is generally seen as relational. It is often operationalized as trustworthiness on the
science side, measured in the dimensions of competence, integrity, and benevolence [Reif &
Guenther, 2021]. The House of Lords report was a leading report signifying a new relationship
between science and society, replacing the previous PUS model [House of Lords, 2000].

It emphasized the need for an open and transparent deliberative process to rebuild trust.

Even if such a claim were entirely justified, it is important to examine what constitutes public
trust/mistrust in science. Understanding the nuances and factors that influence public trust
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is crucial for addressing the challenges faced in science communication. This study aims to
examine the structure of trust in science from two new comparative perspectives: first, by
comparing how people in Japan and other countries understand science and their attitudes
towards it, and second, by contrasting trust in science with trust in the humanities.

First, we compare Japan with two other countries, the UK and the US, to observe the
characteristics of the Japanese people’s understanding of and attitudes toward science.

As researchers based in Japan, we focus on this country because we are directly engaged in
addressing issues such as public mistrust towards scientific information and the influence of
cultural factors on trust. While utilizing the research findings referenced above from Western
countries, it is essential to consider cultural differences that are currently underexplored. The
first research question is, What are the unique characteristics of public trust in science in
Japan compared to the UK and the US? In exploring the distinctive features of Japan, it is
imperative to include comparable countries. Although a broader international comparison
would be ideal, budgetary constraints limited the scope. Consequently, the UK and the US
were chosen because of their frequent use as comparative benchmarks in Japanese studies
and the substantial differences previously documented between these countries and Japan.

Second, we contrast trust in science and its related factors with those of its fusion partner,
humanities. Comparing the factors that influence trust in different academic domains
provides valuable insights into the specific elements that contribute to trust. The second
research question is: how do the factors that influence trust in science differ from or overlap
with those that influence trust in the humanities, in Japan and in comparison to the UK and
the US, to understand the unique characteristics of Japan? In Japan, the educational system
commonly divides academic tracks into those focused on natural sciences and engineering
(similar to STEM fields) and those focused mainly on humanities, which also include some
social sciences. This division is typically made early in a student’s educational path, often
before university entrance. As this dichotomy is prevalent in Japan, it allows us to effectively
compare trust in science with a closely related yet distinct domain. This approach will enable
us to identify whether the factors that build trust in science are unique or share
commonalities with those that build trust in the humanities. Understanding these nuances is
crucial for developing targeted strategies to enhance public trust across different fields.
Examining the relationship between PUS indicators, such as scientific literacy and attitudes
towards science, and trust indicators, like trustworthiness, competence, integrity, and
benevolence, will provide a deeper understanding of how these concepts are interrelated and
how they contribute to public trust in science.

This study collected and described opinions from various volunteers accessed through a
web-based survey utilizing crowdsourcing services to achieve these two goals.

2 . Literature review

21 = Cross-national comparison

First, we provide an outline of the results of previous cross-national comparative studies.
In 2020, the Pew Research Center reported the cross-national comparative survey results
of public trust in scientists [Funk et al., 2020]. Respondents were asked to rate an item that
sought to determine whether they “trust scientists to do what is right (for surveyed public)” on a
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3-point scale (A lot, Some, Not too much, Not at all, and Don’t know).! The trust ratios of “A lot”
and “Some” altogether are almost the same in the three countries, and most participants
chose one of these options. However, the ratio between “A lot” and “Some” is almost the same
in the UK and the US, while in Japan, “A lot” accounted for less than half of “Some” responses.
Thus, it is difficult to say that scientists have acquired a high level of trust in Japan.

However, it is important to note that this survey specifically asked about trust in scientists,
not science itself. The close relationship between the public’'s perception of scientists and
science suggests that interpreting these results as indicative of general trust in science is
not unreasonable. For instance, Wolff et al. [2024] found that the Trust in Science and
Scientists Scale (TISS), developed to measure trust, did not differentiate between science
and scientists, revealing a unified two-factor structure for direct and reverse items. This
empirical evidence supports the notion that trust in scientists can validly reflect trust in
science because the public often does not distinguish between them. In addition, the survey
analyzed several individual differences related to public trust in scientists.

When examining the influence of educational background and political ideology, the
percentages of respondents who answered “A lot” to the previous question were divided into
two groups, stratified by low and high educational background, and then compared. The
results revealed that, in Japan, the percentage of respondents in both groups was 23%,; in
the UK, they were 38% and 53%, respectively; and in the US, they were 30% and 43%,
respectively. While people with higher educational backgrounds were found to be more
trusting of science in the UK and the US, no such differences based on the educational
backgrounds of respondents were observed among people in Japan.

Moreover, differences in public trust in scientists were examined based on data from the UK
and the US in relation to the three main ideologies of the political spectrum (left, center, and
right). Among the respondents who chose “A lot”, the percentages of those with right- and
left-leaning views were 35% and 62% in the UK and 20% and 62% in the US, respectively,
indicating a strong correlation between liberal political ideology and public trust in science
(the percentages of centrists who answered “very much” were not reported). Furthermore,
Gauchat [2012] analyzed data from General Social Surveys conducted in the US from
1974-2010 and found that while the degree of public trust in science among people with
liberal-leaning views changed little over time, people with conservative-leaning views grew
more distrustful of science after 1990. Thus, we see a clear link between political ideology
and public trust in science in the UK and the US in recent years. Moreover, the link between
conservative political ideology and distrust of science has also been highlighted in a study
conducted in Germany [Mede et al., 2021]. However, since the influence of political ideology
on attitudes toward science in Japan was not evaluated in the survey conducted by the Pew
Research Center [2020] and no other similar studies were found, the relationship between
the two remains unclear.

However, as already mentioned, surveys have also been conducted to assess the PUS and
their attitudes toward science under the traditional PUS model. Durant et al. developed a
questionnaire to assess “public understanding of science and science-based technologies
that comprised 23 quizzes on basic scientific knowledge [Durant et al., 1989].

. The respective percentages (excluding missing answers) were as follows: 23%, 57%, 10%, 1%, and 8% among
Japanese respondents, 42%, 37%, 11%, 7%, 4% among the UK respondents; and 38%, 39%, 12%, 9%, and 2%
among the US respondents.
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In Japan, survey results are regularly reported by the Ministry of Education, Culture, Sports,
Science and Technology (MEXT). In 2011, the National Institute of Science and Technology
Policy (NISTEP) at MEXT reported the results of a web-based survey conducted in 2009
involving the same three countries (n=2191 in Japan and n=1500 both in the UK and the
US) examined in the present study. NISTEP is a national institute deeply engaged in the
Japanese government’s science and technology policy planning process. Since 1976, they
have conducted surveys on attitudes toward science and technology approximately every five
years in Japan. NISTEP, in collaboration with researchers in Europe and the US, launched the
cross-national comparative study for the PUS in 1990 and has conducted surveys that
included common questions to assess scientific literacy since 1991. In March 2009, they
conducted comparative surveys in Japan, the UK and the US, where registered Internet
research companies monitored respondents. This survey compared the proportion of correct
answers to ten questions on the “understanding of the basic notions of science and
technology” based on a 1991 survey, with only minor changes. It revealed that the mean
correct answer rate for Japanese respondents (62.1%) was almost the same as that for the
UK (66.4%) and the US (64.1%) respondents [Kuriyama et al., 2011]. Over time, trends have
improved compared to a previous face-to-face survey conducted in 2001 [Okamoto et al.,
2001], wherein the mean correct answer rates for Japanese, the UK, and the US respondents
were 51%, 63%, and 62%, respectively. However, the report also highlighted differences in
the demographics of the respondents due to the different survey mediums used and added
that we cannot simply compare the results of the two surveys and assume that the difference
between Japan and the other two countries has been reduced [Kuriyama et al., 2011].

2.2 = Difference between science and humanities

Academic fields, including sciences and humanities, exhibit several differences that
influence educational approaches and societal contributions. In general, science, particularly
natural sciences, regards natural phenomena through quantitative methods, such as
observational and experimental approaches closely intertwined with technological
advancements. Conversely, the humanities, often overlapping with the social sciences, focus
on the complexities of human behavior and society, mostly emphasizing qualitative
methodologies and critical descriptions and reflections [American Academy of Arts &
Sciences, 2013]. While science aims to contribute directly to economic progress and
improve living standards, the humanities primarily engage in discussions regarding the
desirability of economic progress and the meaning of human well-being. Although not
directly, the humanities contribute indirectly by shaping cultural understanding and ethical
perspectives, which are crucial for a well-rounded societal development.

The distinction between the humanities and sciences is crucial because each contributes
uniquely to society. Science, particularly natural science, often yields direct applications
through technology that visibly impact economic development. However, the humanities
provide deep insights into human nature, ethics, and culture, which are essential for
understanding societal values and making informed policy decisions. This dichotomy
underscores the need for a balanced approach to education and policy-making that values
both empirical evidence and ethical considerations.

Considering these distinctions, we might expect public trust to vary significantly between
these fields. Natural sciences could be perceived as more ‘useful’ due to their direct
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contributions to technology and the economy. However, the humanities may be appreciated
more for their role in developing critical thinking and ethical reasoning. Furthermore,
integrative educational approaches like STEAM, which combine the analytical strengths of
STEM with reflective insights into the arts, are likely to lead to more comprehensive
problem-solving skills and a greater understanding of complex societal issues [Khine &
Areepattamannil, 2019; National Academies of Sciences, Engineering, and Medicine, 2018].

Moreover, while trust in science has been measured in some cross-national social surveys,
such as the World Value Survey [Inglehart et al., 2022], less emphasis has been placed on
systematically measuring public attitudes towards the humanities and their research. Given
the growing societal demand for a synthesis between empirical and interpretive knowledge, it
is crucial to explicitly include humanities in such surveys to ensure that a complete picture of
public trust in academia is obtained.

3 - Methods

A web-based survey was conducted in Japan, the UK and the US between February and
March 2021. Table S1in the Supplementary material shows an overview of the study and
respondent’s information.

We commissioned Cross Marketing Inc. to recruit participants for the survey in Japan from
their registered pool of respondents, aiming to collect 1,200 responses divided into

12 groups combining gender and age.? Data from 1,280 out of the initial 1,867 respondents
were used in the analysis after excluding data from respondents who did not answer the
attention check questions correctly. The attention check questions specified certain
response options, as described at the end of this section. The sampling method in Japan
differs from that in the UK and the US and is described in detail later. The age distribution of
the population is heavily skewed toward older adults in Japan. However, web-based survey
companies only have a few older registered respondents and may require additional costs to
collect a sufficient sample. Therefore, we allocated an equal sample size to each age group.
Consequently, the Japanese data was skewed toward younger respondents compared to the
census data.

The UK and the US survey participants were recruited by Prolific, Inc. Using representative
sampling services of the same company, we launched the survey to collect 1,200 responses
from a representative sample stratified by gender, age, and ethnicity.3 Data from 1,129 UK
and 1,127 US respondents were used in the analysis after excluding data from respondents
who did not answer the attention check questions correctly.

Table S1 shows that the period during which the surveys were conducted in each country
differed slightly. Considering the COVID-19 pandemic, this difference may have had a
distinctive impact compared with other ordinal periods. In particular, since several
disciplines, from medicine to social sciences and humanities, were involved in solving the
social problems caused by COVID-19, the responses may have been influenced to some
extent by the COVID-19 situation in each country. However, at the time of the survey, all three

. The groups were divided by gender (female, male) and age (18-19, 20-29, 30-39, 40-49, 50-59, 60-70) with
50 respondents in the 18-19 age group and 110 respondents in each of the other groups.

. The sample was stratified by gender (female, male), age (18-27, 28-37, 38-47, 58+), and ethnicity (Asian, black,
mixed, other, white).
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countries were in a similar national situation in the sense that they were in a serious crisis,
with no substantial differences. In early February 2021, the number of infected persons in
Japan increased rapidly, and a state of emergency was declared in four prefectures in the
Tokyo metropolitan area. Similarly, in late February 2021 in the US, the number of infected
persons increased rapidly, and aggressive infection control measures were implemented. In
early March 2021, the number of infected people in the UK was so high that a third lockdown
was implemented.

The survey was approved by the Research Ethics Committee of the Graduate School of
Human Sciences, Osaka University (HBO19-103).

3.1 = Overview of questionnaire items

The survey was created using Qualtrics. Table 1 presents an overview of the questions used
for data analysis. The questionnaire also included other questions to assess the
understanding of and attitude toward research integrity. However, since these items were
evaluated after questions pertaining to science, they did not affect the responses.

3.2 = Demographics

The demographic attributes of the respondents included age, gender, and educational
background.

3.3 = Political ideology

Respondents were asked to rate their political ideologies on an 11-point scale, with ®
indicating liberal, 5 indicating centrist, and 10 indicating conservative ideologies. This
question was used consistently across Japan, the US, and the UK, with direct translation for
Japanese respondents. In addition, 140 respondents in Japan, 118 in the UK, and 42 in the
US chose “Don’t know” when this option was provided. Data from these respondents were
excluded from political ideology analysis.

3.4 = Science or humanities person identity

Research on science identity, such as Chen et al. [2021], has shown that a strong science
identity significantly influences performance and various attitudes toward science. Inspired
by these findings, we included science and humanities identity in our study. Respondents
were asked to rate their identity as a science or humanities person on a 5-point scale, with
one indicating a strong identity as a science person and five indicating a strong identity as a
humanities person. This was intended to capture their intuitive self-perceptions regarding
their inclinations towards science or humanities.

3.5 = Engaging with scientific research

To determine whether the respondents were currently involved in some scientific research
activities such as data collection or analysis either as part of their job or as a hobby, we
asked them to rate their level of involvement in “scientific research (involving some form of
data collection and analysis)” on a 4-point scale with one indicating “not at all involved” and
four indicating “very involved”.
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Table 1. Overview of questionnaire items.

Variable

Questionnaire items

Scaling

Demographics

Age & Gender: Obtained from Cross Marketing (Japan) and Prolific (the UK &
the US) registered information

Academic background: What is the last school that you went to (or you're now
going to)? 1. Elementary School / Middle School, 2. High School. 3. Junior
College / Technical College / Vocational School, 4. University / Graduate
School)

Raw score / Frequency

Political ideology

All over the world, political stances are often expressed as “Liberal -
“Conservative.” Where is your position in the scale below? If you are unsure,
please select "Don't know." (0: Liberal - 10: Conservative, 11: Don't know)

Raw score

Science or humanities
person identity

Do you consider yourself to be a "science person” or a "humanities person"? (1:
Science person - 5: Humanities person )

Raw score

Engaging
with scientific research

Are you currently involved in scientific research (that involves some form of
data collection and analysis) for work or as a hobby? (1: Not at all involved - 4:
Very involved)

Raw score

Scientific knowledge

For each of the items below, please answer “True” or “False.” This is not a test,
so if you do not know, or are not sure, answer “Don’t know.”

. The center of the earth is very hot. (True)

. All radioactive substances are man-made. (False)

. Plants create the oxygen that we breathe. (True)

. It is the father’s gene that decides whether the baby is a boy or a girl. (True)
. Lasers work by focusing sound waves. (False)

. Electrons are smaller than atoms. (True)

. Antibacterial medicines suppress the proliferation of viruses as well as
bacteria. (False)

8. The continents have been moving for a long period, and will continue to move.
(True)

9. Human beings. as we know them today, have developed from earlier species
of animals. (True)

10. The earliest humans lived at the same as the dinosaurs. (False)

11. Milk that has been contaminated by radiation is safe to drink after being
boiled. (False)

=1 O\ Lh s W b

The number of correct responses
were counted (0-11). However,
when comparing the results with
those of the previous studies,
item 11. which had not been
asked in them, was deleted.

Research literacy

Please select as many of the following statements about scientific research as
you think are correct. Scientific research here refers to research that involves
some form of data collection and analysis when examining a subject.

If you think all of them are incorrect, please select "None of the above
statements are correct.”

1. The more data (e.g., number of people or animals included in a study). the
better. (Incorrect)

2. Scientific data is more reliable when repeatedly showing the same resuli(s).
(Correct)

3. Some phenomena may have more than one cause. (Correct)

4, Research data on the same subject may differ if the researcher conducting the
research or the method of measurement differs. (Correct)

5. Comparing groups in which a cause is present with those in which it is absent
will tell us whether or not the cause has an effect. (Correct)

6. Articles published in academic journals are always credible. (Incorrect)

7. Once discovered and established, scientific facts are fixed. (Incorrect)

8. None of the above statements are cotrect. (* exclusive option)

After data acquisition, Statement
1 was excluded from the analysis
because it was found to have a
significantly low percentage of
correct responses, which impaired
the unidimensionality of the scale.
Then, the number of correct
responses (correct literacy
selected and incorrect literacy not
selected) for the rest of 6
statements were counted (0-6).

Trust in research results

To what extent do you trust research results from the sciences and humanities?
(0: I do not trust them at all - 100: I frust them absolutely, in one-point
increments)

1. Research Results: Humanities

2. Research Results: Sciences

Raw score
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3.6 = Scientific knowledge

To determine the level of basic scientific knowledge of the respondents, we used 11 items
commonly asked in surveys conducted worldwide, including Japan (Survey of Attitudes
toward Science and Technology 2001), the UK (Eurobarometer 55.2), and the US (Science
and Engineering Indicators 2002), regarding the understanding of basic science and
technology concepts. For each question, respondents were asked to choose one of three
options (True, False, Do not know). The percentage of correct answers was calculated, and
the number of correct answers was tallied. Since the survey was not meant to be a quiz
competition, the respondents were instructed to choose “Don’t know” if they did not know
the right answer instead of searching for it.

3.7 = Research literacy

To determine the respondents’ basic literacy skills in scientific research, we developed seven
new survey items. First, we thoroughly reviewed existing tools and studies on scientific
literacy to identify the fundamental skills and knowledge areas essential for understanding
scientific research. Notable studies reviewed include Meyer, Shanahan, and Laugksch’s
[2005] work on students’ conceptions of research, Laugksch and Spargo’s [1996]
development of scientific literacy test items based on AAAS literacy goals, and Nuhfer et al.’s
[2016] study using a concept inventory to assess the reasoning component of citizen-level
science literacy. Additionally, Kolsta's [2001] work on a framework for understanding
scientific literacy from the perspective of citizenship, particularly focusing on the limitations
of science and the need for critical attitudes when addressing controversial socio-scientific
issues, provides important insights into the broader implications of scientific literacy.
Furthermore, Lederman et al.'s [2002] study on the “Views of Nature of Science”
questionnaire offers a valuable approach to assess learners’ conceptions of the nature of
science, emphasizing the importance of accurately understanding the epistemological
underpinnings of science for fostering deeper scientific literacy. Based on this review, we
collaboratively brainstormed and developed a set of initial items. This collaborative effort
ensured that the items covered several important SL aspects related to scientific literacy. The
initial items were reviewed and refined through multiple discussions among all co-authors.
This iterative process involved evaluating the clarity, relevance, and coverage of each item,
leading to the final set of seven items used in the survey. The respondents were asked to
select a statement on scientific research that they thought was correct, and the number of
correct answers (correct literacy selected and incorrect literacy not selected) was tallied.

Item analysis based on the collected data revealed that one item (The more data (number of
people or animals included in a study), the better) had a significantly lower percentage of
correct responses (19%) than the other six items (49-91%). This item also had a low
correlation with the total score (r=.17, r=.54-.64 for the other six items) and was an
impairment of unidimensionality. Therefore, this item was excluded from the analysis. After
calculating the total score for the remaining six items, the correlation with each item was
found to be sufficiently high (r=.53-.68). The eigenvalues of the correlation matrix for the six
items suggest that they can be considered unidimensional.*

4. The eigenvalues were 2.30, 1.07, 8.75, 0.70, 0.61, and 0.57.
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3.8 = Trust in research results

Respondents were asked to rate the degree of trust they had toward research results in the
fields of science and humanities from O (I do not trust them at all) to 100 (I trust them
absolutely). Although trust is a multidimensional concept, we used a single-item scale to
simplify the measurement and reduce the respondent burden. Single-item measures have
been employed and tested in various large-scale survey studies on public perceptions of
science and research. For example, Wintterlin et al. [2022] used a single-item question to
measure trust in science. They noted that such measures have been shown to correlate
strongly with multi-item measures of trust in science in other large-scale surveys.

3.9 = Attention check

Two attention-check questions were included to ensure the quality of responses. Both
questions specified the response options. The first attention check was embedded in the
“Scientific knowledge” section, where respondents were asked to select “Don’t know” for the
statement: “This question confirms that you are answering seriously. Please select ‘Don’t
know'”. The second was included in the “Assessment of misconducts” section, where
respondents were instructed to select “Not very problematic” for the statement: “Important:

M

This question tests your attention. Please select ‘Not very problematic’.

4 - Results

4.1 = Demographics

All data and analysis scripts (R4.2.0) can be found in the Open Science Framework
(https://osf.io/njp92/). Table S2 in the Supplementary material summarizes the respondents
demographics for each country. As mentioned earlier, due to sampling allocation, the
Japanese sample is skewed towards younger respondents compared to the other two
countries. The percentage of the population with a university degree in each country
surveyed was slightly lower in Japan but significantly higher in the UK and the US than in
2020, according to the Organization for Economic Co-operation and Development’s official
statistics (Japan: 52.68%,; the UK: 49.39%; the US: 50.06% [Organisation for Economic
Co-operation and Development, 2021]. However, no weighting correction was applied.

1

4.2 = Descriptive statistics and intercountry comparisons

Table 2 presents the descriptive statistics (mean, standard deviation, and Pearson’s
correlation coefficients) for the main variables calculated for each country. Tables S3 and S4
show the percentage of correct answers for each item of scientific knowledge and research
literacy, respectively. Figure S1 shows the frequency distribution of political ideology, and
Figure 1 shows the box and violin plot for public trust in scientific research.

Considering the age distribution bias toward younger respondents in the Japanese sample
compared to the actual population ratio, analyses of covariance (ANCOVA) were performed to
compare the means of each country, controlling for age.® To avoid an increase in type I

. Analyses of variance (ANOVA) without controlling for age were also performed, and the results were largely
unchanged. This suggests that the age bias in the Japanese data was not a significant concern.
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Table 2. Means, standard deviations, and correlations (upper: Japan; middle: the UK; lower: the US).
Means with different superscript alphabets are statistically significant.

Mean SD 1 2 3 4 5 6 7
1. Political ideology 5434 1.95 1 0.06 -0.06 0.00 0.05 0.04 -0.01
435E 235 1 -0.08 -0.03 -0.11 -0.08 -0.13 -0.16
384¢€ 3.04 1 -0.07 0.05 -0.13 -0.09 -0.35 -0.31
2. Science or humanities person identity 3334 1.42 1 -0.22 -0.18 0.01 -0.07 0.15
2968 1.27 1 -0.19 -0.25 -0.03 -0.13 0.18
283E 1.19 1 -0.15 -0.20 -0.08 -0.11 0.16
3. Engaging with scientific research 1474 0.81 1 0.18 -0.01 0.10 -0.05
133 B 0.72 0.07 0.07 0.07 -0.03

144 4 0.81 -0.03 -0.10 0.00 0.05
4. Scientific knowledge 6214 247 1 0.42 0.30 0.06

7558 2.10 1 0.26 0.18 0.00

8028 225 1 032 0.18 -0.01

5. Research literacy 4.66 4 1.58 1 0.25 0.12
4794 1.24 1 0.18 0.00

4774 1.31 1 0.1%9 0.06

6. Trust in research results (Science) 69.01 * 17.37 1 0.47
80.40 B 14.00 1 0.4%

80.65 B 16.82 1 0.53

7. Trust in research results (Humanities) 58064 18.25 1
66.83 B 18.20 1

67.19 B 20.60 1

Note: When calculating the means and standard deviations of political ideclogy and correlation coefficients, respondents who selected "Don't know"
(140 n Japan, 118 in the United Kingdom, and 42 in the United States) were excluded from the analysis.
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Figure 1. Box and violin plot of trust in research results (left: scientific research; right: humanities
research).

errors due to multiple testing, the significance level of the main effect was corrected to
0.05+7 =0.007.

Regarding political ideology, the comparisons revealed that the Japanese participants were
significantly more conservative than those in the UK and US (see Figure S1 for frequency
distribution). These results are consistent with a recent representative social survey in Japan
that showed a higher propensity toward political conservatism among the Japanese than
among other nationalities [Hanibuchi, 2022].
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Japanese participants more often identified themselves as humanities than those in the UK
and the US. The percentage trends of those who expressed their identity as humanities in
Japan are similar to those of the previous social survey (humanities: 54.3%,; science: 28.3%;
unsure: 17.4%) [Hanibuchi, 2022].

The level of research literacy of Japanese participants was almost the same as that of the
two Anglo-Saxon countries. Data on research literacy cannot be compared with previous
studies because the exploratory items used for measurement were developed specifically for
this study. However, the weak but positive correlation with scientific knowledge for surveyed
countries suggests a certain degree of validity of the results.

However, it showed that the level of scientific knowledge in Japan was significantly lower
than that in the UK and the US. These results, different from those of a cross-national
comparative survey conducted by MEXT in 2009, follow the trends of the survey conducted in
2001, showing a rather large disparity in the present survey. After excluding one question
(Milk that has been contaminated by radiation is safe to drink after being boiled [False]),
which was not included among the ten questions used in the cross-national comparison, the
mean percentages of correct answers used in the analysis for Japan, the UK, and the US
were 54.4%, 72.8%, and 73.8%, respectively. This result may be attributed to the difference
in education levels of the respondents (63.8% of the respondents graduated from
University/Graduate School in the UK and 68.1% in the US, compared to 47.1% in Japan).
However, it could also be due to differences in attitudes toward the “Don’t know” option. In
Japan, “Don’t know” was selected more frequently than in the UK and the US. As shown in
Table S3, the average selection rates for the 11 items were 29.6%, 16.0%, and 17.4%,
respectively. In four of the 11 items, the most frequent response was “Don’t know”. In the
survey conducted by NISTEP in 2009, the average percentages of “Don’t know” for the ten
items were 23.2%, 19.3%, and 18.4%, thus indicating a common tendency for “Don’t know”
responses in Japan and also highlighting a wide difference between Japan and the UK and
the US. The Japanese have a significantly higher tendency to avoid uncertainty than other
countries [Hofstede, 2001]. When dealing with a question that has a definitively correct
answer, they may be more likely to avoid making a clear choice if they feel their knowledge is
uncertain and may select “Don’t know”.

After examining the cross-national comparisons of other variables, we now examine the
analysis directly related to our first research question, the unique characteristics of public
trust in science in Japan compared to the UK and the US. Public trust in research results in
Japan was lower than that in the UK and the US for both science and humanities research; it
was also lower for humanities research than for science research. In the survey data
collected from Japanese respondents by the Pew Research Center [2020], midpoint
responses (“Some”) accounted for most responses. The violin plot in Figure 1 shows that
while this trend is evident in the dataset on trust in humanities research results (as indicated
by the higher density around the value of 58) and not as pronounced in the trust in scientific
research results, overall, data on trust toward science showed more downward trends in
Japan than in the UK and the US.

4.3 = Predictors of trust in research results

Next, we focus on the analysis related to our second research question, which explores how
the factors that influence trust in science differ from or overlap with those that influence trust
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Table 3. Predictors of trust in research results (science): multiple linear regressions.

3 UK Us
Predictor b [95%Cl] SE B b [95%CI]  SE B b [95%CI] _SE B
(Intercept) 49.90 7 [43.97.55.82] 3.02  0.02 8278 7 [76.70.88.87] 3.10 0.05 7870 7 [72.31.85.10] 3.26 0.02
Age -0.01 [-0.07.0.05] 0.03 -0.01 -0.05 [-0.11,0.01]  0.03 -0.05 -0.01 [-0.07.0.05] 0.03 -0.01
Gender (1 = female) -0.41 [-2.44.1.62] 1.04 -0.01 1777 [-3.48,-0.06] 0.87 -0.06 1.33 [-0.57.3.24] 097 0.04
Education (1 = University / Graduate School, 0 = Other) 255" [0.52.4.58] 1.04 0.07 233 [0.46,4.20]  0.95 0.08 306 [1.08.5.04] 1.01 0.08
Political ideology 0.34 [-0.15.0.82] 025 0.04 058" [-0.95.-0.20] 0.19 -0.10 41887 [-2.19.-1.56] 0.16 -0.34
Science or humanities person identity -0.31 [-1.01.0.39] 0.36 -0.03 -1.32 [-2.03,-0.61] 036 -0.12 -126°  [-2.07,-045] 0.41 -0.09
Engaging with scientific research 0.93 [-0.28,2.15] 0.62 0.04 0.31 [-0.89,1.51] 0.61 0.02 0.06 [-1.11,1.23] 0.59 0.00
Scientific knowledge 1257 [0.79,1.71] 023 0.18 0.67 [0.21,1.12] 023 0.10 041" [-0.06,087] 024 0.05
Research literacy 1957 [1.26.2.63] 035 0.8 0.11 [-0.60.0.82] 036 0.01 1547 [0.80.2.29] 038 0.12
Adj. R? 0.10 0.06 0.17
n 1140 1011 1085

Note. *** p < 001, **p < 0L * p <.05.

Table 4. Predictors of trust in research results (humanities): multiple linear regressions.

P UK uUs

Predictor b [95%CI] SE_ P b [95%CI]  SE B b [95%CI] SE B
(tntercept) 4759 7 [40.96,5423] 338 0.02 65.67 7 [57.75,73.60] 4.04 0.02 6257 7 [54.43.70.70] 4.15 0.01
Age 0.02 [-0.05.0.09] 0.04 0.02 0.05 [-0.03.0.13] 0.04 0.04 -0.02 [-0.09.0.06] 0.04 -0.01
Gender (1 = female) -2.46 [-4.74.-0.18] 1.16 -0.07 -2.85 [-5.09,-0.62] 1.14 -0.08 -0.39 [-2.81,2.03] 123 -0.01
Education (1 = University / Graduate School. 0 = Other) 0.73 [-1.55,3.01] 1.16 0.02 2.74 [0.31,5.18] 124  0.07 0.63 [-1.89,3.14] 1.28 0.01
Political ideology -0.18 [-0.72.0.36] 0.27 -0.02 -1.13 [-1.62.-0.64] 025 -0.15 -2.04 [-2.44.-1.64] 0.20 -0.30
Science or humanities person identity 1.83 [1.04,2.61] 0.40 0.14 1.93 [1.01,2.85] 047 0.14 2.72 [1.69.3.75] 0.53 0.16
Engaging with scientific research -0.50 [-1.86,0.86] 0.69 -0.02 -0.23 [-1.79,1.33] 0.79 -0.01 2.11 [0.63.3.59] 0.76 0.08
Scientific knowledge 0.22 [-0.29,0.74] 0.26 0.03 -0.08 [-0.67,0.52] 0.30 -0.01 -0.33 [-0.92,0.26] 0.30 -0.04
Research literacy 1.08 [0.31.1.84] 039 0.09 -0.21 [-1.23.0.72] 047 -0.01 1.06 [0.11.2.01] 0.48 0.07
Adj. R* 0.03 0.06 0.12

n 1140 1011 1085

Note. ***p < 001, ** p < 01, * p <05.

in the humanities, in Japan and in comparison to the UK and the US, to understand the
unique characteristics of Japan. Multiple regression analyses were conducted for each
country to examine whether individual demographic attributes, understanding of science,
science or humanities person identity, and current engagement in scientific research were
predictors of public trust in scientific or humanities research. The dependent variable was
“trust in research results” of science or humanities, and the independent variables included
science or humanities person identity, engagement with scientific research, scientific
knowledge, research literacy, and personal attributes such as age, gender, educational
background, and political ideology. Table 3 summarizes the results for scientific research
and Table 4 for humanities research. Table 5 presents a summary highlighting the
similarities and differences in the results across the three countries.

First, a common characteristic shared by all countries that can be inferred from the data on
scientific research is that a higher educational background (university degree) and a higher
level of scientific knowledge increase public trust in research results. This is consistent with
the Pew Research findings for the UK and the US but not for Japan (no differences due to
education were found). Moreover, while a stronger identity as a science person and liberal
ideology elicited higher levels of trust in the UK and the US, in Japan, these variables did not
significantly affect public trust.

Data on humanities research showed that a stronger identity as a humanities person elicited
higher levels of trust in all surveyed countries. In contrast to scientific research, a higher

level of scientific knowledge was not a predictor of public trust in research results. However,
similar to scientific research, while a stronger humanities identity and liberal ideology elicited
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Table 5. Predictors of trust in research results (science/humanities): summary of findings.

Trust in the results of scientific research

P UK uUs

Age No significant effect detected

L Females have more trust in the results of scientific L
Gender No significant effect detected research No significant effect detected
Educational Background The more educated, the more trust in the results of scientific research.
Political Ideology No significant effect detected Liberals have more trust in the results of scientific research.
Science or humanities person identity No significant effect detected Those who self-identify as science person trust in the results of scientific research.
Engaging with academic research No significant effect detected No significant effect detected No significant effect detected
Scientific knowledge The more scientific knowledge one has, the more trust in the results of scientific research.

The higher level of research literacy one has, the
more frust in the results of scientific research.

The higher level of research literacy one has, the

Research literacy . -
more frust in the results of scientific research.

No significant effect detected

Trust in the results of 1 ities research
P UK Us
Age No significant effect detected
Gender Men have more trust in the results of humanities research. No significant effect detected
Educational Background No significant effect detected The more educated, 11.\e. mo-re m!‘sl in the results of No significant effect detected
humanities research.
Political Ideology No significant effect detected Liberals have more trust in the results of humanities research.
Science or humanities person identity Those who self-identify as humanities person trust in the results of humanities research.
Engaging with academic research No significant effect detected Those with research expenence rust the results of
ST humanities research.

Scientific knowledge No significant effect detected

The higher level of research literacy one has, the The higher level of research literacy one has, the

Research literacy No significant effect detected

more frust in the results of 1 ities research. more trust in the results of humanities research.

higher levels of trust, these variables did not significantly affect public trust in research
results in Japan. Furthermore, trust in humanities and science was higher for those who were
more educated in the UK, but no significant difference was found between the US and Japan.

While liberal ideology was found to be a predictor of public trust in research results in
science and humanities in the UK and the US, even when controlling for the effect of other
variables more closely related to science, this was not the case in Japan.

5 - Discussion

The analysis of data collected from an online survey administered to participants in Japan,
the UK, and the US showed that a higher level of scientific knowledge increased public trust
in scientific research results in all surveyed countries. However, this is merely a correlation.
Given that science persons in the UK and the US have a higher trust level in scientific
research results, they have a higher level of trust simply because they like science.
Nonetheless, trust in scientific research results was not necessarily high for those involved in
academic and scientific research.

Furthermore, a high level of scientific knowledge is not associated with trust in humanities
research results. As the importance of integrating humanities and science is recognized, a
healthy development of science and technology cannot be expected if trust in humanities
research results are disregarded. In this context, high levels of research literacy are linked to
trust in both science and humanities research results in Japan and the US. However, as
these findings do not apply to the UK, it is necessary to examine the factors influencing trust
in science and humanities research in that country.

The following significant observation is that the level of research literacy in Japan was the
same as that in the UK and the US. However, the levels of scientific knowledge and public
trust in the research results were lower. Regarding factors associated with trust, a
comparison of science and humanities showed somewhat different associations with the
respondents’ educational backgrounds. Moreover, the results revealed that in Japan, unlike
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in the UK and the US, political ideology was not a predictor of public trust in research results.
In the following paragraphs, we provide a more detailed discussion of the noteworthy results.

The lower level of scientific knowledge in Japan observed in this study compared to the
2009 survey cannot be adequately explained by differences in the survey media, which was
previously suggested to explain the comparative differences between the results of the 2001
and 2009 surveys reported by NISTEP at MEXT [2011]. Moreover, as the survey sought
responses to the same questions using almost the same format, it is difficult to explain the
disparity between the results regarding measurement bias. Meanwhile, a higher level of
scientific knowledge in Japan was found to be a predictor of public trust in scientific
research conducted through a scientific approach.

One research question for this study was to examine the characteristics of Japan in
comparison with the UK and the US. In the regression analysis conducted to assess trust
levels in science and humanities, Japan exhibited a complete absence of political ideology.
This is notably different from the UK and the US, where political ideology has a significant
influence. In Japan, political ideology was not a predictor of public trust in science and
humanities, and little correlation was observed with scientific knowledge or research literacy.
While political ideology is often used as a parameter to explain individual differences in
various psychological and behavioral variables in Europe and the US, not just limited to the
understanding of and trust in science, this is often not true in Japan. These results require
further exploration, including an examination of the possibility that the meaning of political
ideology, as measured in Japan, differs from that in Europe and the US [Jou & Endo, 2016].
Future research should also explore individual differences variables that can increase or
decrease trust in science other than knowledge and literacy in Japan, such as political
ideology in the UK and the US.

Another research question was to compare factors associated with trust in academics
between the disciplines of science and humanities. While there was a consistent association
between greater trust in science and higher education, no such association was found for
humanities in Japan and the US. This finding reflects the differences between science and
humanities as academic disciplines. Teaching knowledge through education can steadily
foster trust in science (to some extent), but this is not straightforward for the humanities.
This should be considered when promoting interdisciplinary research.

This study has several limitations. One important limitation is that data were obtained
through a Web survey. Web surveys offer many advantages over mail, telephone, and
face-to-face surveys for collecting responses from establishments, including reduced costs,
shorter field periods, faster data processing, and potential improvements in data quality
[Bethlehem & Biffignandi, 2011]. However, it is necessary to mention the possibility that the
sample may not be adequately representative of the population in Web surveys. Unlike
random or systematic sampling often used in home-visit surveys or mail surveys, Web
surveys are limited to Internet users and, in this study, to those registered with
crowdsourcing services. This bias toward Internet users means that a high level of digital
literacy among Web survey respondents may influence their trust in science and technology.
Digital literacy can facilitate easier access to reliable scientific information and enhance
critical thinking skills [Gilster, 1997], potentially leading to higher trust in science and
technology. Notably, this is a potential effect, and the exact relationship between digital
literacy and trust in science and technology requires further investigation.
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Furthermore, as mentioned in the Results section, we cannot exclude the possibility that
some of the differences detected across Japan, the UK and the US are due to their specific
response styles. Over the years, various surveys have observed that extreme options
(extreme response styles) are more likely to be chosen in Europe and the US. However,
middle options (middle response styles) are more likely to be chosen in Japan. Harzing
[2006] confirmed this in a cross-national survey of 26 countries. In this study, the middle
option was selected more frequently in Japan than in the UK and the US for questions with a
midpoint, such as the evaluation of trust in science and humanities or political ideology.
Although we could not actively adjust for this in the current study, it is necessary to be aware
of the possibility of this bias, especially when interpreting the results related to average
differences between Japan, the UK and the US.

Finally, the categorization of “science” and “humanities” relies on the conventional Japanese
classification. For Japanese people, this dichotomy is natural and was considered the best
way to contrast trust in scientific research results with trust in humanities research results.
However, this dichotomy, particularly the inclusion of social sciences within the humanities,
may have been perceived differently in the UK and the US compared to Japan. In future
research, we aim to explore better and more universal categorizations.
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