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Abstract

The promise of CRISPR-Cas9 (CRISPR) genomic editing applied to agriculture is
promoted widely by scientists. We utilized textual analysis methods to compare
                                                                             
                                                                             
perceptions of this innovation held by various stakeholder groups — scientists,
policymakers, farmers, and the general public. Results reveal distinctions in the semantic
structure and concepts emphasized across groups. Scientists and policymakers
exhibited a high level of technical sophistication while emphasizing the potential
societal benefits, while farmers and the general public focused on perceived
personal benefits and familiarity with the issue. These results will aid development of
message strategies bridging the gap between the scientific community and key
publics.
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1     Introduction

Genome editing, including the use of CRISPR-Cas9 (CRISPR) technology, has the potential
to contribute significant improvements to agriculture and food security [Huang et al.,
2016; Huesing et al., 2016; Ishii and Araki, 2016; Wolter and Puchta, 2017]. Public attitudes
can shape the direction in which science advances, and recent history with another
                                                                             
                                                                             
biotechnology — genetically modified organisms (GMOs) — shows that negative public
attitudes toward emergent scientific issues can lead to rejection of a particular technology
[McFadden, 2017; Nielsen, 2003]. The lay public has been shown to perceive significantly
more risk from biotechnology applications than experts [Savadori et al., 2004].
Thus, lack of public acceptance may be a barrier to the potential agricultural
applications of CRISPR and genome editing technologies. While there is data
indicating public support for human applications of genome editing for disease
prevention and treatment [Gaskell et al., 2017; Scheufele et al., 2017], further research is
necessary to understand stakeholder group’s perceptions of CRISPR’s agricultural
applications.

   Four key publics may play an important role in the adoption of CRISPR into the food
and agricultural system. Scientists, as the holders of expert knowledge, play a critical role
in communicating science to society [Burns, O’Connor and Stocklmayer, 2003]. Farmers
are a central link the agricultural products value chain, and decide whether to adopt
biotechnologies and cultivate gene-edited plants [Hillyer, 1999]. Agricultural
policy professionals are part of the institutional structure that will determine
how the technology can be used [Belson, 2000]. And members of the general
public make individual decisions about consumption of biotech foods and may
give political support to permissive policies. Despite the potential widespread
applications of the technology and the importance of these sectors, little is known
about how these various agricultural-domain stakeholders conceive of genome
editing.

   The current study aims to fill this gap in our understanding, and ultimately facilitate
the engagement of these publics with discussions about genome editing and its
application to agriculture [Nisbet, 2018; Scheufele et al., 2017]. We investigate the
knowledge and perceptions of CRISPR held by four different key audiences that each play
a different role in the adoption of the technology. Through the use of semantic
network analysis and natural language processing of short essay responses, we
examine and compare the mental representations of CRISPR between the different
groups.


   
1.1     Perceptions of risks and benefits

Acceptance of new technologies is related to the perceptions of risks and benefits
associated with those technologies [Flynn, 2007; Frewer et al., 2011; Rogers, 2010;
Vishwanath and Barnett, 2011]. Perceptions of risk held by the public are not based solely
on objective data and scientific understanding of an issue, but also incorporate subjective
and value-laden aspects [Slovic, 2016]. Both physically objective and socially
constructed risks can result in policy conflict [Douglas and Wildavsky, 1982]. As
the gap between scientific, objective assessment of risk and the more subjective
view of the public widens, so does the magnitude of possible conflict over policy
action.

   Trust in information sources has frequently been identified as an essential variable for
                                                                             
                                                                             
understanding people’s risk perceptions [Wynne, 1980; Flynn, 2007; Lobb, 2005; Slovic,
1999]. Studies on the acceptance of the application of biotechnology to agricultural crops
show trust in science and/or those regulating the technology to be important variables
[Allum, 2007; Rodríguez-Entrena and Salazar-Ordóñez, 2013; Siegrist, 2000]. For
example, Allum [2007] found that multiple dimensions of trust in genetic scientists,
including perceived shared values, drive perceptions of risk associated with GM
foods.

   While CRISPR is in the early stages of introduction to society, genetically modified
(GM) foods provide an apt comparison from which to draw lessons. Negative
attitudes toward GM foods are associated with insufficient knowledge of the
technology, lack of trust in developers or regulatory effectiveness, poor risk-benefit
communication, and ethical implications [Lucht, 2015; Siegrist, 1999; Siegrist, Connor
and Keller, 2012; Tanaka, 2004; Wunderlich and Gatto, 2015]. Shew et al. [2018]
found that familiarity with biotechnology and perceptions of its safety were the
primary determinants of individuals’ stated willingness to consume both CRISPR
and GM foods, and that across multiple countries people are more willing to
consume CRISPR than GM foods. Members of the public find GM foods more
acceptable when the perceived personal and societal benefits (health, economic, social,
environmental) outweigh the perceived risks [De Steur et al., 2010; Frewer, Scholderer and
Bredahl, 2003], when perceived scientific uncertainty is lower [Frewer, 2003;
Lusk et al., 2004], and when perceived naturalness is higher [Sjöberg, 2008]. To
avoid conflation between GM foods and CRISPR-edits foods and to recognize
genome editing as a potential tool [Doxzen and Henderson, 2020], it is important
to examine the representations of different groups’ perceptions surrounding
CRISPR.


   
1.2     Social representations theory

The combined corpora of survey content can be analyzed through the lens of social
representations theory (SRT) [Moscovici, 2000]. SRT is an epistemological theory
concerned with how individuals, groups and communities collectively make sense of
societally relevant issues [Marková, 2008]. Social representations are constellations of
attitudes and perceptions [Doise, Clémence and Lorenzi-Cioldi, 1994], that play an
integral role in the development of common sense knowledge as well as “the elaborating
of a social object by the community for the purpose of behaving and communicating”
[Moscovici, 1963, p. 251].

   A central premise of SRT is that the representations held by lay publics are not by
default not viewed as incorrect or mistaken relative to the scientific viewpoint. Instead, lay
representations reveal how “objects are understood in the public domain” [Bauer and
Gaskell, 2008, p. 338; Callaghan, Moloney and Blair, 2012]. Moloney et al. [2014] contend
that the elicitation of representations across groups can provide a foundation for societal
engagement of issues, in their case climate change, by providing an arena for
dispute.
                                                                             
                                                                             

   SRT has been employed extensively in the service of understanding environmental
concern [Castro, 2006], including studies on public understandings of techno-scientific
innovation in the domains of hydrogen energy [Sherry-Brennan, Devine-Wright and
Devine-Wright, 2010], fracking [Bigl, 2020], water recycling [Callaghan, Moloney and
Blair, 2012] and biotechnology [Bauer and Gaskell, 2008; Castro, 2006].

   Following the SRT perspective, the groups in this study are culturally different and
the individuals in them have been socialized differently as a part of that group
membership. Additionally, various publics will interact in different ways and at
varying levels of intensity with CRISPR and its products. Scientists working on
genetics engage with CRISPR as a concept more frequently than do government
employees, farmers and most of the general public. The technology presents the
possibility of different challenges and opportunities for each group. Thus, we
expect the different stakeholder groups to display different representations of
CRISPR.

   SRT and text analysis of survey response data allows us to ask questions about the way
key publics — scientists, policymakers, farmers, and the general public — view an
emerging agricultural biotechnology. Thus, we propose the following research
questions:
     

     	  How  do  the  semantic  networks  reveal  different  perceptions  related  to  the
     acceptance of CRISPR across the four stakeholder groups?
     

     	 Specifically, does the lay public differ from the experts in their aggregate social
     representations?



   
2     Methods


   
2.1     Recruitment and procedures

In the fall of 2019, we fielded a survey targeting four key groups associated with the
adoption of the CRISPR genome editing technology: 1) genetics and genomics faculty at
major U.S. land grant universities, 2) staff at federal- and state-level agricultural
policymaking institutions, 3) farmers, and 4) the general public. The general public and
farmers samples were recruited by Qualtrics, Inc., an online survey platform that allows
researchers to build and distribute surveys to representative samples of the general public
or specific demographic groups.
                                                                             
                                                                             

   Using an online search, we assembled a sampling frame of tenure-track professors in
genetics or genomics from the 13 land-grant institutions of the 11 states producing the
greatest dollar value from agriculture: California, Iowa, Texas, Nebraska, Minnesota,
Illinois, Kansas, North Carolina, Wisconsin, Washington, and Indiana. We included the 817
professors either affiliated with their university’s genetics or genomics department or
indicating a focus on these topics on their faculty biography page. We sent each of
these scientists an email requesting their participation in a survey about genome
editing technologies. Of these 817, 168 filled out the survey, for a response rate of
20.6%.

   We recruited policymakers via an email request. Federal congressional staff, as well as
California Department of Food and Agriculture (CDFA) personnel, were recruited for the
survey. We purchased a contact list of congressional staffers focusing on either the
“science and technology” or “agriculture and food” issues from a third-party
research organization (Legistorm, www.legistorm.com). The CDFA members
were recruited by email, with the department commissioner’s endorsement.
The samples from the congressional staff and the CDFA were combined into
the policymaker sample, since they did not statistically differ in knowledge,
attitudes, or any demographic variable aside from age. A total of 1,114 policy
staff were contacted with 83 responding, yielding a response rate of 7.5%. The
survey was distributed using the Qualtrics, Inc. software (Provo, UT, version 12)
platform.


   
2.2     Survey

As part of a larger survey that included items to determine the subjects’ knowledge and
attitudes towards science and in specific, genome editing and biotechnology, this study
examined open-ended responses regarding gene editing. Participants were given
definitions of the terms “genome editing” and “genome” (see appendix B for prompt) and
asked to compose a short essay (100+ words) on their thoughts and opinions on genome
editing and CRISPR. These essay responses were preprocessed to create a corpus for each
of the four groups. We used semantic network analysis and topic modeling to investigate
semantic meaning at the group level. A third method, keyness analysis, was used to
directly compare groups in a pairwise fashion based on the differences in occurrence of
specific words.


   
2.3     Semantic network analysis

We employed semantic network analysis, a content analysis method that uses word
frequency and co-occurrence to reveal meaning embedded in text [Danowski, 1993;
Doerfel, 1998]. The theoretical grounding for semantic network analysis originates in the
                                                                             
                                                                             
cognitive science literature on the structure of human semantic memory [Collins and
Quillian, 1972]. The foundational applications within communication occurred in the
1980s and 90s [Carley and Kaufer, 1993; Danowski, 1982; Doerfel, 1998; Jang and Barnett,
1994] and researchers continue to use this methodology in the era of big data [Calabrese,
Anderton and Barnett, 2019; Veltri and Atanasova, 2017; Zywica and Danowski,
2008]. Social representations can be instantiated as semantic networks at the
aggregate level to facilitate the comparison of representations across groups [Veltri,
2013].

   Four semantic matrices were generated using the survey responses based on word
co-occurrence, one for each participant group. The basic network data n×n matrix S,
where n
equals the number of nodes (words) in the analysis and
sij is a measured relationship
between nodes i
and j.
The measurement of word co-occurrence is the standard for creating links between words
in a semantic network. We followed the convention of using a 3-word window for defining
links between concepts [see Danowski, 1993]; therefore, links were created for words that
occurred within three words of one another within each survey response. The frequencies
of word co-occurrence were then calculated and ranked. The semantic networks were
created using R version 4.0.1 [R Core Team, 2020] and the igraph package [Csárdi and
Nepusz, 2006].

   Words with a frequency above the mean (scientists, x̄=5, 
policymakers, x̄=3, 
farmers, x̄=3, 
general public, x̄=7), 
were included in a network visualization (Figure 1). After importing the data, the network
visualization was adjusted using the ForceAtlas2 layout [Jacomy et al., 2014] to examine
the spatialization between words. The size of the word label indicated how frequently the
word occurred. The presence of an edge represents a connection between two nodes
and the width of an edge represents the strength of the association (number of
co-occurrences). The more closely related the words were, the shorter the link
distance. The visualizations were produced using the Gephi software [Jacomy et al.,
2014].

   We used Louvain community detection to identify cohesive themes within each corpus
[Blondel et al., 2008]. Community detection is a graph partitioning method which
decomposes a network into an arrangement of multiple subgraphs and seeks to
maximize modularity, or the fraction of the links that fall within a given group
[Newman, 2004]. Each subgraph was assigned a unique, arbitrary color for visual
examination.


                                                                             
                                                                             
   
2.4     Topic modeling

Latent Dirichlet Allocation (LDA) topic modeling was also employed to
extract summary meaning from the collection of open-ended responses for
each stakeholder group. LDA is a three-level hierarchical Bayesian model
where each document in the corpus is modelled as a mixture over a set of
k
corpus-wide topics [Blei, Ng and Jordan, 2003]. Each topic, in turn, is a distribution over a
fixed set of all the words in the corpus, also known as the vocabulary. LDA assumes that
the words in a document’s contents are generated by a set of latent topics and attempts to
infer those topics that are most likely to have generated the documents. A key assumption
in LDA is that the order of words does not matter (bag-of-words) [Blei, Ng and Jordan,
2003].

   For finding these topics, LDA uses the word co-occurrence pattern in
the corpus, such that the more often two words co-occur in a document, the
more likely they are to be assigned to the same topic [Aggarwal and Zhai,
2012]. An important task for topic modeling is to determine the prior value for
k; if
k
is too small, the topics will be overly broad, while if it is too large, the
topics may be too overlapping or similar to each other. We determined
k
for each topic model quantitatively by running a series of models
mk, with
k = (1, 2,…, 20) 

for each stakeholder corpus, calculating the coherence score for each
mk, and
selecting the k
corresponding to the model with the highest coherence score (see appendix A). Topic
coherence is a measure of a topic’s semantic interpretability and association with
well-defined semantic concepts [Newman et al., 2010].


   
2.5     Text keyness

We used a series of pairwise keyness analyses to compare language differences across
groups. Keyness is a weighted measure of word frequencies within a particular text
corpus, relative to some reference corpus [Bondi and Scott, 2010], and can be calculated
with a chi-square test. Words keyness scores of the highest absolute value are used
disproportionately between groups, indicating the potential for interesting conceptual or
terminological differences present that might warrant further investigation [Seale et al.,
2010].
                                                                             
                                                                             


   
3     Results


   
3.1     Semantic network analysis

Figure 1 presents the semantic networks for each group. The various communities or
themes are represented by different colors/shades. The size of the word indicates
word frequency. A line represents a connection between two words. Its width
signifies number of co-occurrences. The more closely related the words are, the
shorter the link. For example, for the general public, DNA is the most frequent
word and it is strongly related to scientist. Technology, cut, paste, tool, develop and
problem make up a theme. Problem is weakly related to the other terms in this
theme.
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Figure 1: Semantic network diagrams by stakeholder group. 

                                                                             
                                                                             
   



   For scientists (Figure 1a, Table 1), the first community contains words referring to the
potential societal health benefits (cure, treat, human, disease) at some point in the future
(potential, future). The second community involves a description of the method: it
alters (modify, change, add, edit, introduce) in a controlled (target, precise) way but
acknowledges the possibility of error (unintended, consequence, mutation). The
third semantic community articulates a wide range of uses and societal benefits
(agriculture, application, plant, animal, crop, food, medicine, resistance), in the form of
(improve, produce, manipulate, develop) through the process of selecting a trait. The
final community frames the techno-scientific innovation (science, research, study,
biology) as a potent (powerful, important, great) method which can yield societal
benefit (benefit, advance, understand) but also acknowledges societal risk. The themes
that emerged from the scientists’ semantic network are summarized in Table
2.
   

                                                                             
                                                                             
   


                                                                             
                                                                             
 Table 1: Word lists of semantic communities for stakeholder group. 
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 Table 2: Topic word lists for each stakeholder group. 
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   As for policymakers (Figure 1b, Table 1), in the first community respondents discussed
the general technical process of a scientist altering DNA, expressing enthusiasm (exciting,
great) and application to agriculture, but also acknowledging concerns over public
perception (controversial). The next community refers to the ethical concern of feeding the
species, composed entirely of words not appearing in the prompt for the essay. The third
cluster (purple) consists of perceived societal health benefits (curing, treating, disease, food)
as well as a general notion that the genomic editing process is to create or modify. The
fourth community consists entirely of new terms, invoking the ethical imperative of
improving life for a world population that is continuing to grow (positive terms medicine,
improve, but also problem). The fifth community consists mostly of new terms,
indicating that CRISPR is an important tool or technology and has the potential
to advance understanding and provide health benefits. The final community is
somewhat unclear, consisting of give, cancer, cell, and instruction. The themes
that emerged from the policymakers’ semantic network are presented in Table
1.

   For farmers (Figure 1c, Table 1), the first semantic community consists entirely of
words from the essay’s prompt (see appendix B) definition of genomic editing
(DEF 3). There were no new words provided by the respondents. The second
community sees the respondents’ positive reflections on a concept given in
the prompt. A large portion of this community is composed of words from the
prompt defining genomic editing — altering the genome to change physical form
and prevent disease and the desired effects of using it (DEF 1), but with added
references to positive societal benefits (cure, improve), personalizing (feel), and
potential conflation with GM (GMO). The third community consists of terms in
the instruction manual analogy portion (plants, animals, bacteria) of the prompt
(DEF 2) combined with perceived naturalness (god, human, nature, important).
Additionally, there is reference to perceived personal economic benefits for the farmers
(grow, crops). The fourth community refers to research and development around
modifications that have a certain effect. The final community is a large one involving
judgement (advance, good, great, benefit and bad) as well as people and the things
they do (live, produce, work) in the world. In this community, farmers appear to be
grappling with perceived societal benefits vs. risks, but mostly focusing on the
benefits.

   For the general public (Figure 1d, Table 1), the first community is largely composed of
terms from DEF 1, with an expression of uncertainty (hope) and benefit (improve), as well
as an invocation of faith or naturalness (god). The second community involves more words
from DEF 1, with added terms related to potential societal health benefits: cure and
cancer. The third community consists only of words from DEF 3. In the fourth community
respondents added words beyond the prompt and introduce a notion of uncertainty:
adding potential and negative to a few generic terms. The fifth community is a
large group composed primarily of new words, dealing broadly with society
(human, people, world, life, food, health, nature) moving in a positive direction (good,
advance, future, benefit), but also acknowledging the potential risks in general (bad,
harm).
                                                                             
                                                                             
   
4     Topic modeling

Overall, the topic modeling results confirmed insights provided by the semantic network
analysis. Table 1 shows the results from the topic modeling analysis (see appendix A for
coherence plots). The analysis of the scientists’ corpus yielded two topics. The
first topic contains terms describing the possibility of benefits (new, potential,
improve) of the technology in general (human, gene). The second topic relates more
specifically to the process (technique, precise) by which GE operates (change, modify,
DNA).

   The model yielded three topics from the policymakers corpus. The first topic contains
terms related to societal benefits (help, great, human), and the technology in general (DNA,
change). In the second topic we see the notion of societal benefits provided by the
application of CRISPR to agriculture (allow, food, produce, world). The third topic echoes
the language from scientist Topic 1, discussing the potential of a new scientific method
(tool, technology) and knowledge (understand, research).

   The first farmers topic is comprised mostly of prompt words. The second
topic relates generally to perceived societal benefits (human, people, help, good,
better).

   The general public Topic 1 relates to the perceived societal benefits (human, people, cure,
great). The second topic is difficult to interpret, although it is perhaps related to the
need for science in general. Topic 3 contains scientific terms from DEF 1 in the
prompt.


   
4.1     Text keyness

Figure 2 shows the results of the text keyness analysis that compares each pairing of the
four stakeholder groups. The terms with the largest negative and positive scores on the
signed chi-squared measure of association have the greatest disparity in frequency
between the pair of groups. All reported chi-squared values are significant at the
p = .001
 level
or less.
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Figure 2: Keyness comparisons by stakeholder group pair. 

                                                                             
                                                                             
   



   4.2     Scientists vs. policymakers

While the policymakers group exhibited more technical sophistication than farmers and
the general public, the scientists had even more of a technical focus (technique, precise,
target, sequence, introduce, off-target) and discussed more the active process of using
CRISPR (change, engineer, improve, use, manipulate). Policymakers, on the other
hand, focused on general positive change, with the top term being help. They
also spoke more of broadly of societal issues (people, communities, world, science,
food).


   
4.3     Scientists vs. farmers

Relative to farmers, the scientists’ corpus focused on CRISPR as a technology,
representing a powerful and precise method allowing scientists to target genes, and
emphasized that applications and benefits are not certain but rather potential.
Farmers, on the other hand, displayed little specificity in their language relative to
scientists, with the most unique words being DNA and good. The farmers top unique
words contained a reference to faith, with God and believe having high keyness
scores.


   
4.4     Scientists vs. general public

Scientists displayed a high level of technical specificity around the technology,
emphasizing its precision precise, target, power, and its potential, but also acknowledged
risks around off-target mutations. Scientists also acknowledged the applications to agriculture
(plant, crop) while the general public did not. The general public had a lower overall
keyness score, indicating less unique use of language as well as more generic language
(help, good). The general public did talk more about the individuals involved in the
matter, referencing people and scientists as well as general thoughts about humanity: live,
world. Similar to the farmers, the general public referenced faith with God while the
scientists did not.
                                                                             
                                                                             


   
4.5     Policymakers vs. farmers

Relative to policymakers, farmers had a less technical understanding of the issue and
relied more heavily on the concepts given in the prompt. They were more likely to judge
possible outcomes of the technology (good, mess) and indicated an appeal to naturalness
(natural, God). The appearance of chemical in the list perhaps suggests the potential benefit
to farmers of reduced crop inputs. Policymakers focused more on potential societal
benefits (medicine, agriculture, community, public of the emerging technology, while
acknowledging ethical concerns.


   
4.6     Policymakers vs. general public

The term with the highest keyness score for the policymaker group relative to the general
public was public, reflecting a focus on the societal implications of CRISPR. Similarly,
communities also had a high keyness score. Similar to the scientists, the policymakers
group exhibited more technical sophistication in their language use than did the general
public, evidenced by very high keyness on potential, gene and technology. The
policymakers group also discussed applications of CRISPR to both food systems and
medicine, evidenced by the presence of agriculture and sickle, and acknowledged
ethical concerns. The words used uniquely by the general public were more limited
and seem to represent actions taken by a scientist (change, test, make, find and
cut).


   
4.7     Farmers vs. general public

Farmers’ key terms were largely related to agriculture and seem to be primarily concerned
with efficient application of chemical inputs on crops: chemical, plant, consume and waste
had the highest keyness scores, and the top 20 terms with also included animal, crop,
land and farm. Farmers also talked more about the financial implications for
CRISPR, mentioning finance and companies. The general public key terms included
beneficial, society and cancer, showing a focus on more general perceived societal
benefits.


                                                                             
                                                                             
   
5     Discussion

The current study empirically elucidates perceptions held by four key groups (scientific
experts in genetic or genomics, farmers, policymakers and the general public) about gene
editing applied to agriculture. Results show convergence across methods and reveal
key distinctions in the construction of social representations of this emerging
biotechnology based on semantic structure and risks and benefits emphasized across the
groups.

   Overall, the semantic network, topic modeling, and keyness analyses show that
scientists utilize a high level of technical scientific terminology to emphasize the power
and precision of the technology. The term “potential” occurs frequently in the scientist
corpus, suggesting a somewhat cautious framing of the state of the science. Scientists
discussed the potential societal benefits of CRISPR applied to developing medicine and
curing disease, modification of plants and animals for agricultural purposes and an
enhanced understanding of biology.

   Policymakers also exhibited a relatively high level of technical sophistication while
emphasizing the perceived societal benefits. While acknowledging the technology’s
potential for controversy and ethical concerns, they spoke broadly of potential societal
benefits associated with CRISPR emphasizing feeding global populations. With recent
controversy around the ethical concerns associated with genome editing [Calabrese et al.,
2020] it will be increasingly important to engage with policymakers and other publics for
later regulation of these technologies.

   Farmers used a relatively low level of scientific terminology but had a generally
optimistic representation of the technology. They emphasized perceived personal
economic benefits, usually in the form of reduced chemical inputs. Farmers additionally
expressed some concern around potential risk related to the perceived naturalness of
genome editing. Future message strategies may focus on the potential economic benefits of
genome editing technologies and the similarities between natural evolution and CRISPR
genome editing [Doxzen and Henderson, 2020].

   The general public relied on terms contained in the essay prompt when formulating
their responses, indicating a low level of prior knowledge of genome editing and CRISPR.
This group exhibited a low level of understanding of the issue, framing their
responses in evaluative terms and generally expressing uncertainty and perhaps and
cautious level of optimism. This underdeveloped social representation provides an
opportunity to communicate the potential risks and benefits associated with the CRISPR
technology.

   Both the general public and farmer groups appealed to religious beliefs, touching on
the notions of perceived naturalness and morality. Previous research has shown religiosity
to be a predictor for attitudes toward gene editing [Scheufele et al., 2017] and other
scientific topics. For these stakeholder groups, one’s level of religion may play an
important role in determining acceptance of these technologies.

   Interestingly, both the policy and general public groups referred to the potential
beneficial uses of CRISPR in curing cancer and other diseases, reflecting the broader
concerns these groups have regarding the applications of this technology. While the focus
of this study was on agricultural applications of genome editing, these findings parallel
                                                                             
                                                                             
the general approval of this technology for disease prevention and treatment [Scheufele
et al., 2017].

   Overall, this research was conducted to facilitate engagement with various publics
about genome editing and its applications to agriculture. Public engagement
regarding genome editing has been called for human applications [Scheufele et al.,
2017; National Academies of Sciences, Engineering, and Medicine, 2017]. Such an
effort starts with social science research that assesses public discourse about
genome editing [Nisbet, 2018]. There are extensive purported benefits of the
agricultural application of genome editing. Raising awareness of these benefits
and the potential risks will be key in moving toward the determination of an
appropriate way to integrate this new technology into society. By identifying
the similarities and differences among various groups’ perceptions of genome
editing, we have uncovered opportunities to promote public dialog about the
potential benefits and pitfalls of this technology. This is especially important
since the use of genome editing technologies raises significant ethical, social, and
legal issues due to their ability to create unanticipated environmental or social
effects.

   The combination of methodologies employed in this study is unique. Keyness analysis
is used by more by linguists than communication researchers. As illustrated here, keyness
analysis can effectively complement other text analysis methods such as semantic network
analysis and topic modeling by providing a more explicit comparison between groups and
corpora. Topic modeling provided convergent evidence with, but little additional insight
beyond, the semantic network analysis. The collection of topic terms was nearly a subset
of the terms identified by the semantic network analysis (93 out of the 96 topic terms).
While topic modeling can reveal similarities between groups other than semantic
ones [Leydesdorff and Nerghes, 2017], it appears to not have done so in this
case.

   This research has several limitations. We had unequal sample sizes and response rates
across the groups. In particular, the congressional staff response rate was low. This
demographic is difficult to access, and future research would benefit from building
relationships with congressional offices over time. Our data captures a narrow slice of time
within an ongoing evolution of public understanding of a techno-scientific issue. At
this early stage of utilization of the technology, farmers and the general public
have generally low levels of familiarity with CRISPR; as familiarity increases,
perceptions may change. Future research should sample these the stakeholders as their
understanding and perception of CRISPR evolves, as well as additional groups as they
emerge.


   
6     Conclusion

This study shows how multiple groups with interests in agricultural CRISPR display
differently constructed perceptions of the technology. The general public and farmers, as
                                                                             
                                                                             
potential consumers of CRISPR products, exhibited a low level of sophistication
but positive orientation toward CRISPR. There is little evidence to suggest any
conflation with GMOs to complicate outreach efforts. Non-expert publics did
not appear to be knowledgeable of CRISPR and thus, it seems they do not hold
firmly formed perceptions about genome editing at this time. Agricultural policy
professionals have some baseline understanding of the technology and the associated
potential societal benefits and will play an increasing role in the event that CRISPR
proceeds towards deployment. Overall, these results suggest an openness to the
presentation of new information about the technology and an opportunity for
engagement.
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Figure 3: Topic model coherence scores by number of topics. 

                                                                             
                                                                             
   



   B     Prompt for open-ended response essay

“Please read the following description about genome editing and write a short
essay (100 words) about your thoughts and opinions on genome editing and
CRISPR.

   Genome: the term genome encompasses all of an organism’s genetic material, or DNA.
It can be thought of as the instruction manual for living things, including plants, bacteria,
and animals (DEF 1).

   Genome editing: genome editing describes a range of techniques that make it possible
to alter a selected part of the genome in a living cell by removing or changing existing
elements or adding new ones to changes in physical traits and prevent disease (DEF 2).
Scientists use different technologies to do this. These technologies cut and paste the DNA
at a specific spot, allowing scientists to remove, add, or replace the DNA (DEF
3).

   Recently, a new genome editing tool called CRISPR, has been developed. Many
scientists who perform genome editing now use CRISPR.”
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3 human, gene, disease, food, make, genetic, modify, ability, animal, cure,
organism, plant, create, lead, produce, result, perfect, provide, treat, edit

4 life, world, improve, knowledge, population, continue, grow, quality,
raise, medicine, problem

5 technology, science, people, benefit, tool, health, potential, research,
understand, advance, public, important, issue

6 give, cell, instruction, cancer

Farmers

1 dna, scientist, remove, tool, add, cut, technique, paste, allow, spot, call

2 disease, change, technology, cure, prevent, cell, gmo, process, exist, trait,
feel, improve, population, element, physical, select

3 human, plant, animal, gene, nature, alter, crop, create, god, grow,
bacterium, mess, important, learn

4  genetic, modify, research, long, organism, develop, effect, edit, term,
material, organic

5 thing, make, good, science, food, people, life, benefit, live, work, world,
future, great, health, advance, time, produce, bad, part

General public

1 make, thing, human, people, good, science, life, food, animal, research

2 genetic, organism, modify, study, potential, term, negative

3 scientist, dna, technology, tool, cut, develop, allow, specific, paste,
problem

4 disease, cure, prevent, trait, find, physical, cancer

5 change, live, alter, cell, technique, remove, add, part, body






