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Abstract

Science communication scholars have debated over what factors are related to public
support for science and technology. This study examines the relationship between factual
knowledge of gene editing technologies, value predispositions, and general science
attitudes among four major U.S. agricultural stakeholder groups: farmers, scientists,
policymakers, and the general public. Understanding these factors will aid in guiding
message strategies for engagement with stakeholder groups. Findings indicate
that gene editing knowledge was positively associated with science attitudes
for all four groups, while conservative ideology was negatively associated with
science attitudes among three of the groups. Implications and limitations are
discussed.
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1     Introduction

Scientists have debated what factors are related to support for science and technology.
Previously, some scholars advocated for the “scientific literacy model”, which assumed
that scientific knowledge is the key factor that influences science attitudes [Miller, 1983;
Miller, 1998], though widely debated. Other scholars have since indicated that cognitive
shortcuts, such as value predispositions, mainly influence attitudes [Fiske and Taylor,
1991]. However, recent studies reveal that the relationship between scientific knowledge
and attitudes is more nuanced where the strength of knowledge on attitudes is moderated
by value predispositions, such as religiosity [Allum, Sibley et al., 2014; Brossard, Scheufele
et al., 2009].

   Despite the potential benefits new technologies may bring to society, they often face
varying levels of public acceptance [Rogers, 2003]. For example, public views surrounding
the risks and benefits of genetically modified (GM) foods in the U.S. are still fairly mixed
                                                                             
                                                                             
[Kennedy, Hefferon and Funk, 2018]. Similarly, support for gene editing, an advanced tool
used to precisely “cut and replace” sequences of DNA, is dependent upon how the tool is
applied [Calabrese, Anderton and Barnett, 2019; Gaskell et al., 2017; Scheufele et al.,
2017]. Gene editing is a more precise tool of genetic engineering, and includes
technologies such as CRISPR-Cas9, zinc finger nucleases (ZFNs), and transcription
activator-like effector nucleases (TALENs); this difference has prompted efforts to
“rebrand” the term to shift away from current perceptions of GM foods [Doxzen and
Henderson, 2020]. Understanding how knowledge of emerging technologies, such as
gene editing, influences individuals’ attitudes will aid in the development of
message strategies to foster meaningful discussions and debates among key
publics.

   The present, correlational study investigates how gene editing and biotechnology
knowledge and value predispositions, such as ideology and religiosity, may be
associated with general science attitudes. In addition, it examines the influence of
value predispositions on moderating the relationship between knowledge and
attitudes. This study is part of a larger project to understand individuals’ knowledge
and perceptions of gene editing in agriculture. Thus, four key U.S. stakeholder
groups are assessed, including farmers, genetics and genomics research scientists,
policymakers, and the general public. These stakeholder groups are likely to have
different goals and intentions regarding new technologies [Post and Maier, 2016].
Therefore, examining how domain-specific knowledge and value predispositions are
associated with attitude toward science in general among these groups will be
particularly helpful in guiding targeted engagement strategies for innovations
in agriculture. To our knowledge, this study is one of the first to examine the
relationship between gene editing technology knowledge and value predispositions
with general science attitudes among multiple major stakeholder groups in the
U.S.


   
1.1     Gene editing technology

Advancements in gene editing technologies have improved the ways in which scientists
can edit sequences of DNA within an organism’s genome. The ability to “cut and replace”
precise DNA sequences provides potential opportunities for improving agriculture
and medicine. For example, gene editing technology has been used as a tool for
developing disease-resistant rice [S. Li et al., 2019; T. Li et al., 2012], and as a
method to provide potential treatment for muscular dystrophy, where steps have
been taken with dog and mouse models [Amoasii et al., 2018; Long et al., 2016;
Min et al., 2019]. Despite the potential benefits of gene editing, there may be
several moral and ethical issues involved with the technology. For example, recent
news of gene editing research on human embryos sparked major discussions
surrounding the moral and ethical implications of the technology [Calabrese,
Anderton and Barnett, 2019; Regalado, 2018]. Because emerging technologies
have their own potentially positive and negative implications, it is important to
understand the public’s knowledge, as well as their views towards these new scientific
innovations.
                                                                             
                                                                             

   In general, people are more in favor of gene editing applications when used for health
and medical reasons, but are against its use for human enhancements [Funk and
Hefferon, 2018; Gaskell et al., 2017; Scheufele et al., 2017]. For example, Funk
and Hefferon [2018] found roughly 72% of U.S. adults were accepting of gene
editing applications on human embryos for the purpose of treating a disease,
while 80% were against its use for increasing babies’ intelligence. However, there
are several factors shown to influence acceptance of the technology. Scheufele
et al. [2017] found individuals who scored lower in levels of religious guidance
and those who had higher factual knowledge were more likely to support gene
editing for treatment of human disease. Similarly, highly religious individuals were
more opposed to the use of gene editing on embryos, while those with more
general science knowledge had higher acceptance of its use [Funk and Hefferon,
2018]. Less is known about the public’s views of gene editing for non-human
applications, such as for farming and agriculture. One study found that most U.S.
adults believed gene editing for wildlife conservation was more risky, citing that
the technology may be misused by those who have bad intentions [Kohl et al.,
2019].

   Past research suggests there can be a positive association between scientific knowledge
and attitudes [Allum, Sturgis et al., 2008]. While some studies have found a relationship
between gene editing knowledge and attitudes [Scheufele et al., 2017], it is also important
to explore how gene editing knowledge is related to general attitudes toward
science. Such research will provide an understanding of whether domain-specific
knowledge is associated with science attitudes in general among different key
publics.


   
1.2     Role of science knowledge

Previous research in science communication has often built upon the assumption that
unfavorable attitudes toward science and technology are influenced by a lack of
information, and improving scientific literacy will increase public support of science and
technology [Miller, 1983; Miller, 1998]. Known as the deficit model, this idea
has had some support with several empirical studies, including a meta-analysis
that found a consistent positive association between scientific knowledge and
general science attitudes [Allum, Sturgis et al., 2008]. It is important to note,
however, that among science communication scholars, the relationship between
knowledge and attitudes is believed to be more nuanced [Simis et al., 2016]. Further, a
number of studies have found results at odds with the deficit model [Connor and
Siegrist, 2010; Lee and Kim, 2018] citing that other factors may also play a role in
attitudes.

   In the context of biotechnology, research also suggests that specific science knowledge
plays a role in people’s beliefs. For example, Kato-Nitta et al. [2019] examined the
influence of domain-specific knowledge on attitudes toward gene editing, genetic
modification, and conventional breeding for agricultural crops among Japanese scientists
and general publics; they found that knowledge significantly influenced beliefs on the
                                                                             
                                                                             
benefits of the breeding technologies. Specific knowledge may provide individuals
with a developed understanding to make informed decisions surrounding the
technologies.

   To further explore the relationship between knowledge and attitudes, and test whether
this association holds in the context of gene editing, this study first examines the
relationship between gene editing knowledge and science attitudes among four key
U.S. publics: farmers, scientists, policymakers, and the general public. In line
with the assumptions of the deficit model, specific scientific knowledge may be
related to an individuals’ science attitudes in general. We propose the following
hypothesis:
     

     	  Gene  editing  knowledge  will  be  positively  associated  with  general  science
     attitudes among stakeholder groups.



   
1.3     Role of value predispositions

While there is some support for the deficit model [Miller, 1983] though studies have found
inconsistent results [Connor and Siegrist, 2010; Lee and Kim, 2018], some argue that
people use heuristic shortcuts to form their attitudes instead of seeking out new
information themselves [Ho, Brossard and Scheufele, 2008]. This “cognitive misers” model
suggests that predispositions, such as religiosity and political ideology, play a large role
for forming opinions toward a particular subject [Fiske and Taylor, 1991]. Religiosity,
which we define as the level of devotion one has to their religion, may influence attitudes
toward science topics; for example, individuals may believe that gene editing is messing
with God’s creation [Walker and Malson, 2020], and subsequently may have
negative attitudes toward science in general. Similarly, political ideology may
influence science attitudes, where those who are more conservative may have more
negative views toward science topics [Kohl et al., 2019; Newman, Nisbet and Nisbet,
2018].

   For example, Scheufele et al. [2017] found that conservative political ideology and
religiosity where negatively related to support for medical applications of human gene
editing. Based on the “cognitive misers” model [Fiske and Taylor, 1991], value
predispositions may have a significant influence on general attitudes toward science.
Thus, we propose the following hypothesis:
     

     	  Value  predispositions,  such  as  a)  conservative  ideology  and  b)  religiosity,
     will be negatively associated with general science attitudes among stakeholder
     groups.


                                                                             
                                                                             

   
1.4     Moderation effects and demographics

Others argue that the formation of science attitudes are more nuanced, and may be
influenced by several factors [Allum, Sibley et al., 2014; Brossard, Scheufele et al.,
2009]. Brossard, Scheufele et al. [2009] found that support for federal funding of
nanotechnology varied by religiosity, where individuals who had high nanotechnology
knowledge and low religiosity supported more federal funding. To assess the potential
complexities of science attitude formation, we propose the following research
question:
     

     	 How do value predispositions influence the relationship between gene editing
     knowledge and general science attitudes?


Lastly, understanding the potential relationship with demographic variables for each
stakeholder group will help guide group-based message strategies for increasing support
toward emerging technologies. Thus, it is important to examine whether demographic
characteristics may influence individuals’ attitudes toward science. We propose the
following research question:
     

     	  What  demographic  variables  are  associated  with  general  science  attitudes
     among stakeholder groups?



   
2     Methods


   
2.1     Recruitment and procedures

All study procedures were approved by the institution’s review board. Both the
general public and farmers samples were recruited through Qualtrics panels
(https://www.qualtrics.com/), an online sampling platform. For the general public
stakeholder group, quotas were set to recruit a sample of participants that reflected the
U.S. population based on census data. The farmers sample was recruited from an online
Qualtrics panel of farmers throughout the U.S.
                                                                             
                                                                             

   To obtain samples for the scientist and policymaker stakeholder groups, recruitment
was conducted through online invitations. We defined scientists as tenure-track professors
in genetics or genomics from land grant institutions of the 11 states producing the greatest
dollar value from agriculture: California, Iowa, Texas, Nebraska, Minnesota, Illinois,
Kansas, North Carolina, Wisconsin, and Indiana (https://www.ers.usda.gov/faqs/), since
the focus of this research was on the application of gene editing in agriculture.
Land-grant universities were classified according to the Land-Grant Agricultural and
Mechanical College Act of 1862. A database of all tenure-track professors in genetics or
genomics from each land-grant institution was collected through an online web
search. Potential participants were scraped from each university’s website when
available; eligibility criteria included being a tenure-track professor of a “genetics” or
“genomics” department or program, or if the professor included “genetics” or
“genomics” in their research interests. A total of 13 universities emerged with 817
scientists. Scientists from these institutions were sent an email requesting their
participation in a survey assessing their thoughts and opinions toward gene editing
technologies.

   Policymakers were recruited through an email requesting participation in the same
survey. The U.S. congressional staff, as well as California Department of Food and
Agriculture (CDFA) personnel, were both recruited for this study. Since the focus of this
research is on the application of gene editing in agriculture, a congressional contact list of
staffers working in science and technology or agriculture and food was purchased from a
third-party source, LegiStorm (https://www.legistorm.com/). A total of 519
staffers were contacted. The CDFA members were recruited by email, with the
department commissioner’s endorsement. The samples from the congressional
staff and the CDFA did not statistically differ in knowledge, attitudes, or any
demographic variable aside from age, and thus were combined into one policymaker
sample.

   Qualtrics Labs, Inc. software (Provo, UT, version 12) was used as the survey platform
to conduct the survey. First, participants viewed the consent page, then answered
questions assessing their gene editing and biotechnology knowledge, their attitude toward
science, political ideology, religiosity, and demographics. Participants were compensated
after study completion.


   
2.2     Measures

Gene editing and biotechnology knowledge was measured through a scale developed by
the researchers modeled from previous studies [Scheufele et al., 2017; Usak et al., 2009].
Table 1 

                                                                             
                                                                             
   


                                                                             
                                                                             
 Table 1: Gene editing and biotechnology knowledge items. 
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   depicts the items used for the knowledge scale. Items were developed in conjunction
with a biologist to ensure accuracy. Three rounds of pretesting were samples with
undergraduate students that resulted in a 23-item knowledge scale with high reliability
(α=.87).
Respondents either answered “True”, “False”, or “Unsure”. The correct answer was coded
as “1”, while the incorrect answer or “Unsure” was coded as “0”. Research suggests that
those who select “Unsure/Don’t know” as a response to knowledge questions have no
knowledge of the true answer [Luskin and Bullock, 2011]; thus, “Unsure” was coded as
“0”, in line with previous studies [Scheufele et al., 2017]. Scores were assessed by percent
correct and ranged from 0 to 1.

   Attitude toward science was measured through a scale adapted from previous research
[Funk, Rainie and Page, 2015; National Science Board, 2018]. After three rounds of
pretesting with samples of undergraduate students, a 16-item attitude scale emerged
(α=.87). The
measure was assessed on 5-point Likert scales (from 1 = strongly negative to 5 = strongly
positive, and from 1 = strongly disagree to 5 = strongly agree). Respondents
viewed statements such as: Biological research has helped advance medicine. Science and
technology are making our lives healthier. However, one item was dropped from this
analytical sample due to poor reliability. See Table 2 for the general attitude scale
items.
   

                                                                             
                                                                             
   


                                                                             
                                                                             
 Table 2: The general science attitudes scale. 
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   Political ideology was assessed on a 5-point scale from 1 (very liberal) to 5 (very
conservative). Religiosity was measured through a one item statement, “How often do you
attend religious services?” from 0 (never) to 4 (several times a week). This item has
been used in previous studies to assess religiosity [Wilkes, Burnett and Howell,
1986], and served as a proxy to assess how important participants view their
religion.

   Demographic variables, such as age and gender, were also assessed. For analysis,
gender was coded as either “Female” or “Not female”. Race was measured by the
question, “What is your race/ethnicity?” with options to select any of the following that
apply, “White/Caucasian”, “Black/African American”, “Asian”, “Hispanic/Latino”, and
“Other”. Based on the small sample sizes, race was dummy coded as either “White” or
“Non-white” for analysis. Education was assessed through the question, “What is the
highest degree you received?” and was categorized into “Less than high school”, “HS
graduate”, “Associates degree/Some college”, “Bachelor degree”, “Master’s degree”, and
“Doctorate/Professional degree”. Income was only measured for the general public as a
method to ensure a U.S. census-matched sample by Qualtrics; the question asked
participants to indicate their entire household income during the previous year before
taxes.
   
2.3     Analysis

Means and standard deviations of each stakeholder group’s knowledge and attitudes were
first conducted. Then, ANOVA and Tukey’s post-hoc comparison tests were conducted to
assess differences between the samples in knowledge and attitudes. To answer the
hypotheses and research questions, regression analyses were conducted to test the
hypothesized variables with science attitudes for each of the four samples. The first set of
regression models included gene editing knowledge, value predispositions, and
demographic variables, while the second set of regression models also included
interaction terms to answer the first research question. Analyses were conducted in R
Version 3.6.0 and SPSS Version 26.


   
3     Results


                                                                             
                                                                             
   
3.1     Comparisons between stakeholder groups

Table 3 displays the demographic characteristics among each sample. Means, standard
deviations, and reliability of the gene editing and biotechnology knowledge and
science attitude scales are shown in Table 4. Results from ANOVA revealed that
there was a significant difference in knowledge between stakeholder groups,
F(3,1103)=275.10,
p<.001. Post-hoc analyses
uncovered that all four samples differed from one another; scientists had the highest knowledge
(M = .89), followed by
policymakers (M = .66),
farmers (M = .46), and the
general public (M = .41).
   

                                                                             
                                                                             
   


                                                                             
                                                                             
 Table 3: Sample characteristics across stakeholder groups. 
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 Table 4: Means, standard deviations, and reliability across stakeholder groups. 
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   For attitude toward science, there was a significant difference between stakeholder
groups, 
F(3, 1003) = 62.27, p < .001.
Post-hoc analyses found that scientists had the most positive attitudes (M = 4.58), followed by policymakers (M = 4.20), and lastly farmers (M = 3.78) and the general public (M = 3.86).
There was no significant difference in attitudes between farmers and the general public.
Despite the unequal sample sizes between stakeholder groups, results for gene editing
knowledge and general science attitudes were robust to subsequent analyses using
Welch’s tests.
   
3.2     Regression analyses

Regression analyses revealed that gene editing knowledge were significantly
associated with science attitudes across all four stakeholder groups controlling
for value predispositions and demographic variables (see Table 5). For the
general public, the model explained 18% of the variance on general science
attitudes. Gene editing knowledge was significantly related to science attitudes
(β = .28, p < .001). Further, conservatism was negatively associated with science attitudes (β = −.08, p = .048), and income (β = .16, p < .001) and education level (β = .09, p = .043) were also associated with science attitudes.
   

                                                                             
                                                                             
   


                                                                             
                                                                             
 Table 5: Regression analysis of gene editing knowledge on science attitudes across
stakeholder groups. 
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For farmers, 22% of the variance was explained by the model. Gene editing knowledge had a significant positive relationship with science attitudes (β = .25, p < .001). Being more conservative had a negative influence on science attitudes (β = −.15, p = .02), while race (β = .20, p = .002) and education (β = .23, p = .001) had a significant positive relationship with science attitudes.


Among policymakers, gene editing knowledge had a strong positive relationship with science attitudes (β = .49, p < .001). Conservatism was negatively associated with science attitudes (β = −.25, p = .022). Race (β = .22, p = .019) and religiosity (β = .22, p = .026) had a significant, positive relationship with science attitudes. About 34% of the variance was explained by the model.


Among scientists, gene editing knowledge had a positive relationship with science attitudes (β = .35, p < .001). Value predispositions and demographic variables did not influence science attitudes among scientists, though religiosity had a negative marginal association with science attitudes (β = −.13, p = .087). The model explained 12% of the variance for the scientists.

   Overall, gene editing knowledge was positively associated with general science
attitudes for each stakeholder group; thus, H1 was supported. Conservative political
ideology was negatively associated with general science attitudes among farmers,
policymakers, and the general public. Religiosity was positively associated with general
science attitudes for the policymakers only. Thus, H2a was partially supported, and H2b
was not supported.

   Subsequent regression analyses revealed no significant moderation of political
ideology or religiosity on the relationship between gene editing knowledge and general
science attitudes, indicating that gene editing knowledge and value predispositions
played an independent role on general science attitudes.
                                                                             
                                                                             
   
4     Discussion

This study assessed the relationship between gene editing knowledge, value
predispositions, and demographic variables with general science attitudes, and is
one of the first to test this relationship among four prominent U.S. agricultural
stakeholder groups: farmers, scientists, policymakers, and the general public. We
find that gene editing knowledge is positively associated with general science
attitudes for all four groups controlling for demographic variables, whereas value
predispositions and demographic variables of science attitudes varied by stakeholder
group.

   Among the stakeholder groups, scientists had the highest level of gene editing
knowledge, as well as the most positive attitude toward general science. This is
unsurprising; however, it is notable that no other variables influenced scientists’
general science attitudes. Both religiosity and political ideology did not have a
significant influence on science attitudes. This is important because other publics
may rely on scientists to disseminate new information and knowledge to the
public.

   After scientists, policymakers scored highest in knowledge among stakeholder groups.
Congressional staff that focus on science and technology or agriculture and food, as well
as CDFA personnel, need to make informed decisions when dealing with new policies and
regulations surrounding new technologies. In this way, it is understandable that
policymakers have higher knowledge about gene editing than farmers and the general
public. Also, policymakers had significantly more positive attitudes compared to farmers
and the general public. Again, this is an encouraging finding because positive
attitudes toward science may lead to more support for policies relating to scientific
advancements. Further, because policymakers generally represent large groups of people,
having positive attitudes toward science may aid in providing balanced, or at least
positive, information surrounding scientific advancements to their represented
groups.

   We found some evidence of value predispositions influencing general science attitudes,
particularly with political ideology. While previous research has found evidence for
conservative support of biotechnology [Brossard and Nisbet, 2007; Rose et al.,
2019], we find that conservative ideology was associated with more negative
general science attitudes among the general public, policymakers, and farmers.
This is in line with previous research findings that conservative ideology was
associated with lower perceptions of the benefits of gene editing for wildlife
conservation [Kohl et al., 2019], as well as some other topics, such as climate
change concerns [Newman, Nisbet and Nisbet, 2018] and vaccination attitudes
[Baumgaertner, Carlisle and Justwan, 2018]. Conservative individuals may show
stronger concerns for some negative implications of certain scientific advancements.
Tailoring future messages strategies to highlight conservative values may help
improve attitudes toward sciences in general, and specifically toward genetic
editing.

   Religiosity was associated with more positive attitudes toward science for only the
policymaker stakeholder group. This runs counter to previous studies finding that
                                                                             
                                                                             
religiosity was negatively associated with attitudes toward science topics, such as
nanotechnology or gene editing [Brossard, Scheufele et al., 2009; Scheufele et al., 2017].
Religiosity may play a larger role for specific scientific topics, rather than influencing
attitude toward science in general.

   Interestingly, higher education level was positively associated with attitudes toward
science for both farmers and the general public. Educational background may play a larger
role in science attitude formation among those with less domain-specific knowledge.
Similarly, for the general public, income was strongly associated with science attitudes,
which may indicate that one’s individual background also plays a role in attitude
formation. It is important to note that among farmers and policymakers, being White was
positively associated with general science attitudes. This may indicate a need to further
engage with minority farmers and policymakers to aid in both addressing issues and
informing about new technologies.

   The purpose of this study was to examine key factors associated with attitudes toward
science. This will ultimately aid in the development of engagement strategies with key
audiences. Because gene editing technologies are relatively new to non-expert stakeholder
groups, it is important to understand the level of knowledge surrounding these
technologies, as well as the values that may play a role in their science attitudes. These
findings provide a basis for future work in engaging with key stakeholder groups,
fostering meaningful discussions to inform future policies regarding these new
technologies [Christopherson, Scheufele and Smith, 2018; Doxzen and Henderson, 2020;
Nisbet, 2018]. In light of a rapidly growing world population and accelerating global
climate change, it will be increasingly important to gain support for gene editing
technologies through engagement with farmers, policymakers, and the general
public.

   Our knowledge scale was highly reliable for the general public, farmers, and
policymakers; however, the reliability of the measure was low for scientists. This may be
due to the initial intention of developing a knowledge scale that could be utilized for the
general public. Since scientists have a vast understanding of the nuanced complexities of
the field, our scale may have been too vague to precisely measure their knowledge.
This scale may better serve as a measure for non-expert publics. Despite this
limitation, our results suggest that scientific knowledge surrounding gene editing
technologies is highly related to individuals’ attitudes toward science, indicating
room for future research on examining the directionality of these findings, as
well as the relationship between specific knowledge and beliefs toward gene
editing.

   We operationalized religiosity as the frequency with which participants attend any
religious services, an item that has been used in previous measures of religiosity [Wilkes,
Burnett and Howell, 1986]. However, some researchers have examined religiosity through
other measures, such as, “how important religion is to you” [Scheufele et al., 2017], which
may explain our difference in results. Our one-item measures for religiosity and ideology
may be a potential limitation, and future work should replicate these findings using other
validated scales.

   Our study examines major agricultural stakeholder groups within the U.S. The
relationship between gene editing knowledge, value predispositions, and science attitudes
may differ in other countries due to a variety of factors. Future work should examine these
                                                                             
                                                                             
key variables among stakeholder groups in other countries and global contexts. Further,
though there were steps to improve generalizability among the four samples,
further research may be necessary to obtain samples that are representative of each
population.

   This study focused on testing the models of science communication, finding that
having more factual knowledge was positively related to attitudes towards science, and
conservative ideology was negatively associated with science attitudes. The deficit model
has largely been critiqued [Simis et al., 2016] and some research has found evidence
against the model’s assumptions [Connor and Siegrist, 2010]. Our results reveal that an
understanding of new, emerging technologies, such as gene editing, may be positively
related to one’s attitude toward science, but does not provide a main mechanism that
explains how these variables are related. Future work should explore the relationship
between other potential variables that may influence science attitudes, such as deference
to scientific authority [Brossard and Nisbet, 2007] or attention to media [Marques,
Critchley and Walshe, 2015], since information sources may portray science topics in
different ways [Calabrese, Anderton and Barnett, 2019; Calabrese, Ding et al.,
2020].

   Lastly, this was a correlational study, and though we found a strong association
between gene editing knowledge and general science attitudes, we cannot make the claim
that increased knowledge causally influences positive attitudes. Having more positive
attitudes toward science may lead to increased factual knowledge of emerging
technologies through increased scientific information seeking, a potential line
of research for future studies. Further research should be conducted, such as
longitudinal or experimental studies, to examine if there is a causal relationship
between knowledge of new technologies and their subsequent attitude toward
science.


   
5     Conclusion

This study examines how factual knowledge surrounding an emerging technology, genetic
editing, as well as value predispositions, may be associated with general science attitudes
among four major agricultural stakeholder groups. We found gene editing and
biotechnology knowledge to be significantly related to general science attitudes. Among
three of the four groups, conservative ideology was negatively associated with general
science attitudes. This study provides an understanding of each stakeholder group’s
general knowledge level of gene editing technologies. In addition, it serves as a basis for
developing engagement strategies with different key publics. While the findings of our
study may indicate that informing key publics about gene editing technologies and
tailoring messages to align with political values may play a role in improving
support for science policies, attitudes may remain relatively stable over time.
Future work is needed to examine whether specific knowledge plays a role for
specific beliefs toward emerging technologies. Other variables related to science
attitudes varied by stakeholder group, which sparks questions for future research to
                                                                             
                                                                             
understand in what context, when, and how do other factors influence attitudes toward
science.
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Genetically modified organisms are always bigger than normal.
Genetically modified organisms contain many dangerous chemicals.
Genetic modification is painful for animals.

It is easy to detect whether an animal or crop has been genetically modified by look-
ing at them.

Consumption of genetically modified food can destroy human genes.

Genetically modified organisms are radioactive.

Genetically modified crops are sterile.

Genetically modified animals are less healthy than their “conventional” counterparts.
Eating genetically modified foods can increase the level of toxins the body produces.
A common genetically modified trait in plants is bee resistance.

Consumption of genetically modified food can change the genetic makeup of hu-
mans.

Genetically modified organisms are hazardous to bees.
Some genetically modified plants produce a bacterial toxin.

Genetically modified foods are treated with pesticides, whereas organic foods are
not.

Viral genes can be picked up by other species in a lab.

Some U.S. universities are currently fighting in court over who owns the patent for
the gene editing technology CRISPR-Cas9.

Viral genes can be picked up by other species in nature.

A genome contains our genetic code.

A genome is written in a code of four letters — A, T, C, G.

A genome can be interpreted as the instruction manual for an organism.

Genome editing is a research tool used to make changes to the genome.

Genome editing has been used to cure or treat diseases, such as leukemia, in humans.
Genome editing is a tool used to determine the sequence of the DNA code.
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in the U.S.?

Has science had a strongly negative or strongly positive effect on the quality of health
care in the U.S.?

Has science had a strongly negative or strongly positive effect on the quality of the
environment in the U.S.?

Please indicate whether you agree or disagree with the following statements:
Biological research has helped advance medicine.

Biological research has helped advance our food system.

Science and technology are making our lives healthier.

Science and technology are making our lives easier.

Science and technology are making our lives more comfortable.

The benefits of science are greater than any harmful effects.

Even if it brings no immediate benefits, scientific research that advances the frontiers
of knowledge is necessary.

Even if it brings no immediate benefits, scientific research that advances the frontiers
of knowledge should be supported by the federal government.

I have confidence in the people running the scientific research community in this
country.

Scientists are helping to solve challenging problems.
Most scientists want to work on things that will make life better for the average per-
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