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Abstract

Calls for public engagement on emerging agricultural technologies, including genetic
engineering of farm animals, have resulted in the development of information that people
can interact and engage with online, including “Frequently Asked Questions” (FAQs)
developed by organizations seeking to inform or influence the debate. We conducted a
frame analysis of FAQs webpages about genetic engineering of farm animals developed
by different organizations to describe how questions and answers are presented. We
categorized FAQs as having a regulatory frame (emphasizing or challenging the
adequacy of regulations), an efficiency frame (emphasizing precision and benefits), a
risks and uncertainty frame (emphasizing unknown outcomes), an animal welfare frame
(emphasizing benefits for animals) or an animal dignity frame (considering the inherent
value of animals). Animals were often featured as the object of regulations in FAQs,
and questions about animals were linked to animal welfare regulations. The public were
represented using a variety of terms (public, consumer) and pronouns (I, we). Some FAQs
described differences between technology terms (gene editing, genetic modification)
and categorized technologies as either well-established or novel. This framing of the
technology may not respond to actual public concerns on the topic. Organizations seeking
to use FAQs as a public engagement tool might consider including multiple viewpoints and
actual questions people have about genetic engineering.

Keywords Qualitative - Public engagement - Animal agriculture - Genetic modification -
Gene editing

Introduction

Genetic engineering (i.e., biotechnology altering the genetic information of an organism)
has generated a range of applications (Tait-Burkard et al. 2018) as well as ethical questions
about the use of this technology (de Graeff et al. 2019). Newer methods, such as clustered
regularly interspaced palindromic repeats (CRISPR) and the CRISPR-associated protein
9 (Cas9), have now been applied to farm animals to achieve a variety of goals (e.g., to
increase disease resistance and heat tolerance; de Graeff et al. 2019). This surge in
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applications has led to renewed questions about the ethics (e.g., Kramer and Meijboom
2021) and public acceptance of these technologies (de Graeff et al. 2019).

Calls to engage the public in discussions about novel technologies including genetic
engineering (also referred to as genome or gene editing, genetic modification; collectively
referred to in this paper as genetic engineering or GE) have long existed (Rowe and Frewer
2000, 2005). Public engagement goals vary (PytlikZillig and Tomkins 2011) but often aim
to increase public trust (Frewer et al. 2003; Siegrist 2000). Some goals focus on educating
people who are assumed to lack knowledge about the technology, an approach known as
the public or information deficit model (Christiano and Neimand 2017; Wynne 2006).
Other attempts aim to counteract certain public attitudes and sway perceptions (Rempel
et al. 2019; Supran and Oreskes 2021). As well, the way the “public” is conceived varies
(Meyer 2020), with scholars applying terms that they link back to society, such as citizens,
consumers, public and publics, making it difficult to summarize public views (Davies et al.
2021; Rempel et al. 2018). Thus, it may be useful to recognize the public as made up of
dynamic, overlapping groups (Rempel et al. 2019).

One approach to analyzing public engagement goals, specifically what and how
information is presented to the public, is via frame analysis. Conceptual and methodological
approaches to frame analysis come from disciplines like media, communications studies
and sociology (Foley et al. 2019). The terms “frame”, “framing” and “framework” are
used literally and metaphorically in everyday and scholarly discussions (Entman 1993;
Tankard 2001). Tankard (2001) reviewed the use of metaphors to describe frames,
including Goffman’s (1974) presentation of “strips” (i.e., slices of everyday ongoing
activity) enclosed in a “picture frame”, and Gamson’s (1989) relating of the term “frame”
to architecture, meaning an “organizing structure” used to build something. In enclosing
a “strip” or using an ‘“organizing structure”, other possible scenes are excluded, thus
shaping interpretations (Entman 1993). Simply put, a frame is “a particular way an issue is
presented” (Foley et al. 2019, p. 1812).

There are many forms of public engagement. Efforts to directly engage the public in
discussions about GE in animals have included government initiatives (e.g., Macnaghten
2001), multi-stakeholder roundtable discussions (e.g., Pew Trust 2005) focus groups
(Genelnnovate 2020) and virtual public consultations (e.g., Nuffield Council on Bioethics
2021). These efforts have generated a body of work, including reflection on the meaning of
engagement (Rempel et al. 2019), effective engagement (Scheufele et al. 2021), strategies
for inclusive engagement within the Responsible Innovation framework (Stilgoe et al.
2013), and the incorporation of actual public concerns into academic research (de Graeff
et al. 2019).

Researchers have also investigated how technologies are framed within the public
sphere where people engage and interact with information. For example, media analysis of
agrobiotechnology and genetically modified food is common (e.g., Hagedorn and Allender-
Hagedorn 1997; Lin 2021) and frames have also been examined in experimental surveys
where participants receive information and then judge novel technologies. Experimental
surveys often provide short descriptions that use an explicit framing, and test how these
frames affect participant attitudes toward the technology, including potential benefits for
animal welfare, the environment, worker safety, and human health (McConnachie et al.
2019; Yunes et al. 2021). Others have examined how people responded to technology terms
(e.g., gene editing, genetic modification) paired with information sources like scientific
articles or blogs (Bearth et al. 2022; Yang and Hobbs 2020).

More recently, work has examined how GE technologies are presented online, including
differences in how information is communicated (Brossard 2019) and shared on Wikipedia
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(Calabrese et al. 2019). Others have analyzed comments on social media platforms like
Twitter (now called “X’; Hill et al. 2022) and Facebook (Walker and Malson 2020).
Although not focused on GE, McLeod and Hobson-West (2016) reported that webpages
about “institutional transparency” in animal research laboratories were framed differently
depending on whether the webpage was produced by animal protection groups or the
animal research community. Thus, members of the public have access to information
sources that are framed differently.

Possibly because people are asking more questions about GE, but also likely because
some seek to shape the debate, organizations have created lists of “Frequently Asked
Questions” (FAQs). FAQs were developed in the early 1980s to avoid answering recurring
questions from people when the Internet was in its infancy (Hersch 1997). Today, FAQs
are common and research has examined FAQs on topics including COVID-19 vaccines
(Sajjadi et al. 2021) and climate change (Connors et al. 2022). Frequently Asked Questions
webpages about GE may provide insight about how organizations present information
about GE to members of the public. Specifically, identifying which topics organizations
include (and exclude), how they refer to the public, and how they construct answers to
questions they choose to address can provide insight into how organizations frame the
debate about GE in animals. We used frame analysis to analyze GE FAQs with two central
study aims: (1) to describe how questions and answers about GE are framed, and (2) to
describe the ways in which animals and the public are presented.

Materials and Methods
Ethics

This study did not require ethical review from the University of British Columbia
Behavioral Research Ethics Board because it relied on information that is “in the public
domain and the individuals to whom the information refers have no reasonable expectation
of privacy” (TCPS2 2022, article 2.2, 17).

FAQs Webpage Search

This study utilized FAQs about GE in farm animals that we found online while conducting
a grey literature review search using search terms like “what is gene editing in animals?”
After finding several FAQs webpages, we developed a systematic search strategy.
FAQs webpages can be considered a type of grey literature; i.e., reports produced by
governments, institutes, industry, and non-profit organizations that are not published in
academic, peer-reviewed journals and are generally intended for lay or professional (rather
than academic) audiences. To develop our search, the first author consulted a librarian and
followed guidance of Godin et al. (2015). Specifically, she performed a Google search to
identify FAQ webpages about GE in animals, using the private browsing function and four
search phrases: “frequently asked questions about gene editing in animals”, “frequently
asked questions about genetic modification in animals”, “frequently asked questions about
genetic engineering in animals”, and “frequently asked questions about genome editing in
animals.” For each search she screened the first 50 search returns and compiled an initial
list of webpages (n.b., we considered it unmanageable to review all returns; for example,
the phrase “frequently asked questions about gene editing in animals” returned 33.4 million
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Table 1 Search terms using the

“intitle:” advanced Google search Question phrase Term phrase

function wherg each.quesnon commonly asked questions and gene and animal and edit

phrase was paired with each term frequently asked questions and gene and animal and modify

phrase questions and answers and gene and animal and engineer
FAQ and genome and animal and edit
FAQs and genome and animal and modify

and genome and animal and engineer

Table 2 Inclusion and exclusion criteria for Frequently Asked Questions webpages to be included in frame
analysis

Inclusion criteria Exclusion criteria

Available in English Unavailable in English

Most current version of the FAQs FAQs have been replaced by a more recent version

Intended for a lay audience Intended for an expert or technical audience (e.g.,
heavy use of technical terms, acronyms, or
jargon)

Webpage is in question-and-answer format or uses the ~ Webpage is not in question-and-answer format or

term FAQ or CAQ (Commonly Asked Question) does not use FAQ or CAQ
Focus is on gene editing in farm animals Focus is on gene editing in humans or wild,

companion animals or animals used in research
Free Access limited by paywall

FAQs webpage connected to an organization, agency, = FAQs webpage connected to a blog, social media,
institute, government, or university media, or popular press

items). She then also performed an advanced Google search using the private browsing
and “intitle” function whereby each question phrase was combined with each term phrase
(Table 1). Given that our aim was to understand what people could easily access we limited
our search to Google. The first author screened results (ranging from 23 to 300 returns) for
each search and then developed inclusion criteria (Godin et al. 2015) through an iterative
process of narrowing and defining criteria (Table 2). This process involved selecting FAQs
presented in lay language (i.e., not technical, little jargon use).

After applying our inclusion criteria, we identified 60 FAQs webpages. We then
eliminated 23 that focused on food and labeling and 15 that focused on plants. Of the
remaining 22, we eliminated six that contained little information about animals or were
broadly about biotechnology, four about gene drives, and another two about transgenic
mice in research laboratories. The final dataset included 10 FAQs webpages about GE in
farm animals. Table 3 lists each webpage, abbreviations used in this paper, the Uniform
Resource Locator (URL; accessed May 19, 2023) and other information.

Existing Frames

We used frame analysis following Entman (1993) and analytical guidance built on
Entman’s approach (Foley et al. 2019; Matthes and Kohring 2008). Matthes and Kohring
(2008) and Foley et al. (2019) proposed a step-by-step process using frame elements
to analyze frames systematically. Frame elements include the problem definition, moral
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evaluation, causal attribution and treatment remediation (Entman 1993). The problem
definition is the topic discussed and the actors identified. In this study, the FAQs topic
was GE in farm animals, and thus we focused coding on the questions “asked” in the
FAQs, including the topic and actors identified in the questions. The moral evaluation
includes the benefits and risks of the topic and thus we coded how answers to the
FAQs described risks or benefits of GE. Causal attribution identifies who (actors) or
what (factors) are responsible for the benefits or risks identified. Finally, treatment
remediation identifies proposed solutions for the identified risks or calls for or against
action on the topic. We followed Entman (1993, p. 52) in considering that “A single
sentence may perform more than one of these four framing [elements]”. Coding using
frame elements allowed us to analyze how FAQs built their frames.

We used existing frames to code FAQs deductively. Our decision to use deductive
frame analysis was motivated by the existing body of research that has identified
frames used to portray novel biotechnologies; we applied these frames to GE in farm
animals specifically (Foley et al. 2019). We identified existing frames from three articles
published over the past 15 years on novel biotechnologies. The first was a systematic
scientific literature review about the ethics of genome editing in non-human animals
that identified the themes human health, efficiency, risks and uncertainty, public
acceptability, animal welfare, animal dignity and species-specific capacities, and
environmental considerations (de Graeff et al. 2019). The second was a frame analysis
of biotechnologies described in New York Times articles published in the 1990s,
identifying the themes of biomedicine, agri-food, research, economics, cloning, moral,
public opinion, regulation and genetic identity (Matthes and Kohring 2008). The third
was a frame analysis of public engagement events about synthetic biology in Europe
from 2013 to 2017 (Bauer and Bogner 2020), identifying the frames of science, social
progress, risks and control, ethics, economics and governance. Although authors
used different data sources, they identified similar frames. Thus, we combined these
into eight frames to use in our analysis: efficiency, risks and uncertainty, regulatory,
animal welfare, animal dignity, human health, environmental considerations and public
acceptability.

Briefly, the efficiency frame describes technologies like CRISPR as efficient,
versatile, easy-to-use, precise and inexpensive compared to previous technologies,
allowing for more rapid improvements in traits than is possible with traditional
breeding, and reducing the risk of off-target effects. Thus, this frame portrays the
technology as helpful in addressing societal challenges, and is safe for people,
animals and the environment. By contrast, the risks and uncertainty frame describes
potential negative consequences of the technology, including those difficult to predict,
especially given incomplete knowledge about the traits altered. The regulatory frame
presents laws, economic opportunities, risk assessments, public consultation and policy
implementation. This frame can be presented neutrally or to align with the other frames
already described. The animal welfare frame presents how GE affects animal welfare
in positive or negative ways. Relatedly, the animal dignity frame discusses ethical
considerations, including whether GE uses animals as objects to serve human needs
and ignores their inherent value. The human health frame describes how GE addresses
societal challenges related to human health, including increased food production,
healthier and allergen-free products, and decreased risk of disease. The environmental
considerations frame presents how GE could affect the environment in negative or
positive ways. Finally, the public acceptability frame identifies reasons why the public
may or may not support GE.

@ Springer
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Frame Analysis

We assessed intracoder (consistent coding by one researcher) and intercoder (at least
two researchers coding the same data) reliability (SAGE 2008). Intercoder reliability (in
qualitative research, dependability) is used to offset a single researcher’s interpretation of
data and to perform analysis consistently within and across researchers (Guest et al. 2012).
This is especially important in frame analysis because it involves “latent” coding, that is,
coding that goes beyond what the text describes to include cultural and linguistic meanings
that promote certain ways of thinking about the topic (Foley et al. 2019).

The first author uploaded frames and frame elements into NVivo (version 2019; QSR
International; Burlington, MA), created descriptive codes for the frame elements and
developed a codebook. She then recoded the documents 30 days later, revised the codebook
and then a second trained qualitative researcher used the codebook to code the questions on
each FAQs webpage to identify question topics and actors. The two coders met to discuss
discrepancies and the first author revised the codebook and recoded the FAQs. The first
author then selected two random question and answer sets (18% of the total dataset) which
were coded again by the second coder. The two coders again met to discuss discrepancies
and the first author made final adjustments to the codebook and then recoded all FAQs.

Results

We first provide a summary of the FAQs frames and then present how the FAQs
frame GE questions and answers. We conclude with a description of how the public is
represented in the FAQs. Quotes from the FAQs are italicized or indented, our added
emphasis is identified by underline. Abbreviations (in parentheses) for the FAQs webpages
(see Table 3) include: Acceligen (Acceligen), Biotechnology Innovation Organization
(Biotechnology), Center for Science in the Public Interest (Center), Department for
Environment, Food & Rural Affairs (DEFRA), The European Food Safety Authority
(EFSA), The Food and Drug Administration (FDA), Health Canada (HC), Global Justice
Ecology Project (Global), Roslin Institute (Roslin), and Wellcome Connecting Science
educational website (YourGenome)'.

We identified five of the eight frames in these FAQs: regulatory, efficiency, risks
and uncertainty, animal welfare and animal dignity. The FDA, HC, and EFSA used the
regulatory frame to describe their role in evaluating GE products and animals as well as
protecting consumer safety through regulations. In contrast, Center and Global used the
regulatory and risks and uncertainty frames, challenging the idea that regulations are
adequate (given a lack of transparency in how these are developed), and suggesting that
there are substantial risks associated with the technology given its novelty and the potential
for unanticipated effects. DEFRA and Acceligen used the efficiency frame to focus on
the benefits of GE for animals, people and the environment. Biotechnology combined
the efficiency and regulatory frame, focusing on benefits and rigorous regulations. Roslin
combined the efficiency and animal welfare frame, focusing on the benefits of GE for

' YourGenome was updated after the final version of this paper was accepted. The Results reported in this
paper are based on the FAQs webpages accessed May 19, 2023.

@ Springer



Food Ethics (2024) 9:7 Page90of20 7

animal welfare. Finally, YourGenome used the animal dignity frame, focusing on the
ethical considerations of genetically engineering animals.

Regulatory Frame

The FAQs used the regulatory frame in two main ways: (1) as rigorous, science-based,
and a means to provide consumer assurance about the safety of GE and (2) by challenging
regulation adequacy and legitimacy.

Rigorous Regulations and Consumer Assurance

The FDA, HC, and EFSA mostly refrained from discussing the benefits or risks of GE
and instead focused on the rigorous regulations used to evaluate GE animals and products.
Accordingly, a prominent actor and question theme is the conveyance of government as
responsible for these regulations and defining and evaluating GE animals and products.
For instance, EFSA used words like “comprehensive” and “clear” and the FDA described
their regulatory system as “science and risk based.”

Regulations were also described as a method to mitigate technology risks. For example,
HC described that new agricultural or food products are “subjected to thorough safety
assessments to protect humans, animals and the environment.” This was described as
involving a scientific literature review, government oversight, data evaluation and product
assessment by HC, the Canadian Food Inspection Agency and Environment and Climate
Change Canada.

Regulations were also connected to consumer safety. For example, in response to the
long-term health impacts of eating genetically modified foods, HC stated that “genetically
modified foods are subject to a far higher level of regulatory oversight” and that GM food
must pass a “thorough and robust safety assessment before it is allowed on the Canadian
market.”” HC’s focus on providing rigorous regulations to protect consumer safety is
reiterated with a hyperlink to “The safety of genetically-modified (GM) foods.”

Although GE farm animals are not currently allowed in the European Union, EFSA’s
FAQs attributed their “proactive” development of a “risk assessment of food and feed
derived from GM animals” to scientific advancements. In this case, the risk assessment is
described as a “proactive measure to assure consumer safety.”

DEFRA and Roslin also connected regulations to consumer safety and assurance. For
example, DEFRA asked: “Will consumers be unsure about what they are eating or drinking
and whether it is natural?” and answered: “There will be no weakening of our strong food
safety standards.” Other questions, for example, “Does this mean that “frankenfoods”
are now on the menu?” were answered by a single word: “No”, followed by explanations
about food safety standards. Similarly, Roslin assured: “There is no reason to think that the
process of genetic modification in food products would be unsafe.”

A prominent causal attribution used by Acceligen, Biotechnology, DEFRA, EFSA
and HC to describe the safety of GE food is that there are no substantive differences
between GE and conventionally-bred animals. For example, EFSA wrote: “Experts will
assess whether food and feed from GM animals are as nutritious to humans and animals
as those from conventionally-bred animals”, DEFRA explained that “gene editing
makes the same types of changes to plants and animals that occur naturally and through
traditional breeding” and Acceligen argued that “The dairy and meat products from gene
edited animals are identical to those coming from non-edited animals.” Center, however,
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challenged this similarity, stating that “There will be a need to ensure that eating the meat
or drinking the milk from the engineered animal will be safe.”

Going beyond consumer safety, Biotechnology acknowledged the importance of
consumer trust and linked this to regulations. Specifically, they asked: “Why regulate GE
animals and their products?” and responded that an “internationally recognized approval
process” will be part of ensuring consumer acceptance and efficiently commercializing
GE products. As well, they stated that FDA guidance is similar to the Codex Alimentarius
(international “food code” compiled by the Food and Agriculture Organization and the
World Health Organization) that provides international standards for GE animals. In
summary, these organizations assure consumers about the safety of GE by referring to
science-based regulations, and in some cases, by emphasizing the similarity of GE to
conventionally-bred animals.

Challenging the Adequacy of Regulations

Instead of describing regulations as rigorous and a means to assure consumer safety,
Global and Center used a risks and uncertainty frame. One concern was the fast pace of
technology relative to regulatory processes. Global asked: “Are there any gene-edited
plants or animals already on the market?” and answered: “The industry is hoping to move
very fast, and counts on bypassing EU GMO laws to sell the GM seeds into Europe as
well.” This answer was connected to insufficient regulations, as demonstrated in responses
throughout the FAQs, for instance: “there has been no or little assessment of the biosafety
implications” and “If gene-edited organisms were to escape EU GMO regulations, any
potential negative effects on food, feed or environmental safety would go unchecked.”

Global’s proposed solution to the lack of adequate regulations was using existing laws
and risk assessment methods to evaluate newer technologies. In response to a question
about whether gene editing can create a naturally occurring change in an organism, their
answer alluded to the potential for “unintended changes” and concluded, “In practice,
this is one of the main reasons why risk assessment of GMOs is carried out — in order to
determine if any unintended changes have implications for food and environmental safety.”

Center also questioned regulation adequacy and the FAQs mentioned environmental
risks and causally attributed these to insufficient regulations. For example, Center asked,
“Is the federal regulation of GE animals adequate?” and responded: “While the FDA
has the expertise to address food-safety questions, it _has less expertise in analyzing
environmental concerns presented by GE animals.”

They continued by encouraging the “expertise of agencies (e.g., Environmental
Protection Agency)” to be included in regulations.

Unlike the FDA, HC, and EFSA that attempted to assure consumer safety concerns
through regulations, Center focused on a lack of regulatory transparency. Throughout the
FAQs webpage, they emphasized the “unknowns” involved:

The next GE animal on the horizon after the salmon is unknown. ... it is unknown
how far along those products are toward commercialization. The FDA is prevented

by law from discussing pending applications (see Question 34 for criticisms of the

regulatory system).

A lack of access to information was also presented as a risk. In response to the question,
“Is the federal regulation of GE animals adequate?” Center answered that while the

FDA was reviewing applications for GE animals, “the public may not know what is going
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on or have the opportunity to provide its input into the FDA'’s decision.” Center’s concern
is that the public is unable to access information about GE animals and the approval
process. This concern about transparency is causally attributed to government and their
imposition of confidentiality: “Congress imposed on the FDA strong confidentiality
provisions surrounding animal (and human) drugs, which shroud the approval process in
secrecy and greatly limit access to information or any opportunity for public participation

until the drug is approved.” Despite these concerns, Center proposed a solution that would
make the process more transparent and participatory, which included Congress eliminating
“confidentiality requirements” so data could be reviewed by “outside experts” and
requiring a formal “public comment opportunity.” Here, organizations criticize existing
regulations by highlighting a lack of clarity, unknown consequences and inability to protect
human, animal and environmental safety.

Efficiency and Risks and Uncertainty Frames

The FAQs framed GE as an efficient technology or one that is risky and uncertain largely
by: (1) comparing GE to other breeding practices and (2) defining GE technologies.

Comparing GE to Other Breeding Practices

Organizations compared GE to other breeding practices to describe the technology.
The efficiency frame involved explaining how GE is a logical progression in breeding
technology that is already well established. FAQs also described how technologies like
CRISPR were faster and more precise than traditional breeding. For example, Roslin
asked, “Why do scientists change DNA?” and described that “selective breeding was in
use for thousands of years before the genetic mechanisms of inheritance were understood”
and that new tools to analyze DNA have made the process “faster and more precise.”
Similarly, DEFRA began their FAQs by explaining how technologies enabled “genes to
be edited much more quickly and precisely to mimic the natural breeding process.” Global,
however, challenged the comparison of newer GE technologies to older ones by describing
the risks involved: “Given that these techniques are new, it is not yet possible to fully
evaluate the potential for adverse effects.” In these examples, organizations contrast in
their presentation of GE as a well-established or novel technology.

Defining GE Technologies

The FAQs used different technology terms (Table 3). While the efficiency frame focused
on the similarity of GE to traditional breeding practices, it also applied this frame in ways
that distanced GE from other technologies like genetic modification. For example, consider
how DEFRA distinguished the different technologies, seemingly confounding these with
cis- and trans-genesis:

Gene editing should not be confused with genetic modification (known as GM).

Genetically modified organisms are those where DNA from a different species has
been introduced into another. Gene edited organisms generally do not contain DNA
from different species, they contain changes that could be made more slowly using
traditional breeding methods.
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Five of Acceligen’s 11 questions addressed differences between gene editing, genetic
modification and transgenesis and emphasized that gene editing and genetic modification
are “entirely different.” Acceligen asked: “How is precision breeding different from
traditional breeding or GMO?” and responded with the example of polled (i.e., hornless)
cattle: “The ability to use CRISPR allows us to speed up the process of selection without
the use of transgenes.” Thus, emphasizing differences and drawing linkages between new
and old technologies appeared to be important for these organizations.

In contrast to organizations distancing themselves from certain terms, Global asked
questions that compared gene editing, “old-style” GMOs and mutation breeding,
including whether “gene-edited plants and animals are as risky as ‘old-style’ GMOs.”
Questions that compared gene editing and GMOs provided an indication of how Global
defines the problem and evaluates risks about this technology. To demonstrate, Global
asked: “Isn’t gene-editing much more precise than ‘old-style’ genetic engineering?”
and responded: “Gene-editing is theoretically more precise in the positioning of the
intended alteration to the genetic material, compared to the insertion of genes at random
locations that is characteristic of previous techniques. But how this altered DNA will affect
interactions with other genes and processes within the cell is largely unknown. The words
“theoretically”, “but”, and “largely unknown” challenge the claims of precision used by
other organizations. This answer went on to describe implications of gene editing for food,
animal feed, and environmental safety in terms of potential toxic compounds, reduced
nutrition, and new allergens (i.e., consumer safety concerns).

Animal Welfare and Animal Dignity Frames

The FAQs used the animal welfare and animal dignity frame in two main ways: (1) by
presenting animals as the objects of GE regulations and referring to existing animal
protection regulations and (2) by discussing the benefits and risks for animals.

Animals as the Object of Regulations

The FDA and EFSA discussed animals in terms of how they are, or would be, regulated.
For example, EFSA described that they would account for the health and welfare of
animals through guidance documents designed to assess and monitor genetically modified
animals. The documents include “extensive comparison” of GM animals to conventional
counterparts. The FDA referred to animals in all but one of their questions which
included explaining regulations, animal use on farms and in research, and comparisons
to conventional counterparts and clones. Thus, while animals were sometimes featured in
questions, the question themes related back to regulations.

Some FAQs emphasized how GE animals were monitored by animal welfare laws
and standards (e.g., DEFRA, Roslin). YourGenome acknowledged the benefit of animal
welfare regulations in place in the United Kingdom (e.g., Animal Welfare Act), but also
described risks, including that regulations were insufficient because GE is new and thus
few regulations refer to farm animals specifically. YourGenome noted that the FDA
“monitors and maintains certain standards, including input from the public, when it comes
to genetically engineering animals.” Biotechnology included that research institutions
place the well-being of genetically engineered animals “as a top priority”, follow the
USA Animal Welfare Act, and in some cases, follow third party and international welfare
guidelines. Biotechnology also presented their “Guidance for Genetically Engineered
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5

Animal Stewardship Initiative.” The initiative promotes animal welfare, enhances
credibility, and provides guidance for biotechnology organizations. In these instances,
organizations may be seeking to provide public assurance about the welfare of GE animals.

Benefits or Risks for Animals?

FAQs that used the efficiency frame focused on benefits for animals. For instance,
Biotechnology asked: “How does genetic engineering affect animal welfare?” and
responded:

Genetic engineering has the potential to greatly impr he health an Ifar
agricultural animals. GE animals may be disease resistant, parasite resistant, and
withstand stress. The beneficial trait can likely improve their well-being because they
will be more productive.

Like the description of regulations to protect animal welfare above, describing the
potential benefits for animals may also convince FAQs readers that GE is positive for
animals.

DEFRA, Acceligen, and Roslin discussed the benefits of GE for animals, humans and the
environment. For example, Roslin asked: “Why do scientists change DNA?” and answered:
“We are using these genetic tools to improve animal welfare, promote global food security,
and reduce the impact of animal disease on farmed animals and humans.” DEFRA and
Acceligen contextualized their responses by writing that some animals struggle in current
conditions due to disease or climate change; for example, suggesting that the technology
could generate animals with traits better suited to changing environments and disease
threats (e.g., swine fever, avian flu). Specifically, Roslin presented the monetary cost of
avian influenza in 2015 in the USA alone (390 million dollars). DEFRA and Acceligen
noted that increased use of these technologies could lead to improved climate resilience in
alignment with the United Nations Sustainable Development Goals. These examples show
how GE is positioned as beneficial for animal welfare, sustainability, and necessary given
economic and disease hardships.

Two FAQs provided counter arguments to animal welfare benefits by acknowledging
animals may be harmed. Roslin asked: “Does genetic modification or gene editing harm
animals?” and responded: “Some changes to an animal’s DNA can be potentially harmful
to the animal, such as changes that cause the animal to develop a disease, which might be
carried out so that scientists can learn more about the condition.” In another example,
Center did not highlight benefits of GE for animal welfare and instead asked, “Do GE
animals pose health or environmental risks?” and responded: “Engineering animals
may also raise ethical or animal welfare concerns, such as whether the adding of a gene
somehow causes the animal to suffer pain or reduce its quality of life.”

YourGenome approached their FAQs differently and answered each question by
presenting benefits and risks for animals. In response to the question, “Is genetic
modification of farm animals ethical?” the answer listed animal welfare benefits including
disease resistance and polled genes. Risks listed included animal harms, for example:
“transgenic pigs were found to be arthritic, partially blind”, and “new diseases from
genetically engineered animals could be spread to non-genetically engineered animals,
and even humans.” Acknowledging that animals may suffer or could be harmed may be an
attempt by organizations to be transparent about GE technologies.
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Alongside animal welfare risks, YourGenome addressed concerns around animal dignity,
including that embryos used in research may not survive and that GE violates animal rights. A
proposed solution was using non-animal alternatives in research including plants and bacteria.
Thus, the animal dignity frame focused on the animals themselves and not as objects for human
use.

Public Representations

FAQs represented the public using varied pronouns and terms, addressing information access
and discussing public consultations.

The public were featured differently in terms of linguistic and jurisdictional scope.
For example, the FDA referred to regulations of GE for broad societal uses including food
and pharmaceuticals. EFSA referred to the public indirectly by asking: “What about the
ethical concerns surrounding GM animals?” and clarified such concerns are outside of
their jurisdictional scope. Here, the organizations seemed to be distancing themselves from
addressing certain ethical questions about GE.

FAQs used the term “public” (Center, EFSA, YourGenome), “consumers” (Acceligen, Bio-
technology, DEFRA, HC, Global), and the FDA and Roslin combined terms and used pronouns.
For example, HC asked: “How can 1 tell if a food has been genetically modified?” and Center
asked: “Will GE animals and their products become part of our food supply?” These ques-
tions are written as if people actually asked the organization the question, but none of the FAQs
described who posed the questions or how the organization chose which questions to address.

Some FAQs demonstrated what organizations considered the public knows and most (all
but DEFRA and Center) provided links to more information (Table 3). For instance, the
FDA addressed what the public may have encountered online about GE animals. They asked,
“Does introducing an intentional genomic alteration (IGA) into an animal cause it to look dif-
ferent from other animals without IGAs?” and responded: “Despite some of the doctored pho-
tographs that you may have seen circulating on the internet, making an intentional genomic
alteration to an animal does not result in outlandish physical combinations, such as a bird
with the head of a rabbit.” This may be an attempt to address and combat what the FDA con-
sidered misinformation about GE.

HC addressed freedom of choice, specifically that people choose which products to buy or
grow and mentioned that voluntary labelling provides information about GE food. They also
described transparency about genetically engineered products as a way to address public concerns,
stating that they “provide consumers with access to meaningful, credible, and truthful information
as it relates to biotechnology and food.” Similarly, the FDA asked: “How will the FDA inform the
public about new IGAs in animals, its decisions on them, and the science behind those deci-
sions?” They responded that people could visit the FDA website for more information. Finally,
DEFRA described their ongoing public consultation as “an opportunity for people to voice any
concerns they may have.” In these instances, each government agency acknowledges the public as
being potentially interested in learning or expressing concerns about GE.

Discussion
Organizations utilized FAQs to present and frame information about GE to the public. Our

discussion connects our frame analysis to the concept of trust in public perceptions of GE
and comparisons between GE technologies. We also provide recommendations for future
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research and how FAQs might be improved based on actual public questions and how the
public and animals were represented.

Some organizations used the regulatory frame to enhance or diminish trust in the
technology. Trust, including trust in GE technology regulation, has received considerable
research (Frewer et al. 2013), with results showing that people tend to perceive technology
as more acceptable if they trust the institutions responsible (Siegrist 2021). Thus, framing
tied to trust (or mistrust) in regulations can be expected to affect public acceptance. We
acknowledge that four of the ten FAQs were from government institutions, and although the
countries regulate GE differently, they used the regulatory frame by emphasizing rigorous
regulations and consumer food safety. Future research might explore other sources of grey
literature, including reports, position papers and policy briefs, that provide information
about how other organizations frame GE. As well, we were unable to collect data about
the purpose of the FAQs from the organizations themselves. This perspective could be
explored in future research. We also encourage organizations to clearly state the purpose of
their FAQs and describe how these incorporate actual public questions.

The efficiency and the risks and uncertainty frames both drew on comparisons between
old and new technologies, compared GE to traditional breeding and discussed the
differences between technology terms. Describing differences and similarities between
gene editing and older technologies for genetic engineering is common within the
public sphere (Meyer 2020) and some have encouraged distancing CRISPR from earlier
technologies to avoid public opposition (Doxzen and Henderson 2020). Public perceptions
research focused on GE plants has shown that the term genetic modification is perceived
more negatively than genome editing (e.g., Bearth et al. 2022; Zahry and Besley 2019),
and that transgenesis is perceived more negatively than cisgenesis (Kronberger et al.
2014). Recent research on GE in farm animals, however, found participants expressed a
similar understanding of what GE technologies do (i.e., change an organism’s DNA), and
used verbs (e.g., edit, modify, alter) interchangeably (Koralesky et al. 2023).

In this paper we used the term genetic engineering because it broadly describes
technologies that modify an organism’s DNA. We acknowledge, however, that terms have
been introduced over time (e.g., genetic modification in 1993; genome editing in 2003;
Montoliu 2023). In the public sphere (and several FAQs including those of Acceligen,
Biotechnology, DEFRA and Roslin), gene editing using CRISPR-Cas9 is presented as
“precise”, and this has generated a narrative that an organism’s genes can be controlled via
technology (Shah et al. 2021). Thus, the use of certain technology terms may be an attempt
to diminish (or accentuate) existing concerns about GE.

The FAQs used different terms to represent the public. FAQs formulated questions as if
people were asking them, using the pronouns “I”, “we”, and “our”’; however, it was unclear
who the pronouns were referring to. Indeed, FAQs did not specify how questions were
generated and by whom. Arguably this general approach could be viewed as collapsing
various publics into a single group, whereas in reality, different people will look at
topics in different ways (Rempel et al. 2019). This is perhaps another opportunity where
organizations seeking to engage publics might solicit actual questions (Kuo et al. 2024) or
acknowledge that different views exist by presenting the potential benefits and risks of GE
for animals, similar to the approach used by YourGenome.

FAQs reflected the types of issues that organizations wished to engage with; for exam-
ple, EFSA refrained from discussing public engagement, considering ethical debates outside
of their jurisdiction and Roslin, Global, and Acceligen did not discuss public input. Center
focused on a lack of transparency about GE and emphasized that the public “may not know”
which GE products are being developed. DEFRA, Roslin, and YourGenome discussed
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animal welfare regulations in place for GE animals, and Biotechnology presented their ani-
mal stewardship program, perhaps in an attempt to address concerns about animal welfare;
some organizations (Acceligen, Biotechnology, DEFRA, Roslin) also presented potential
benefits for animal welfare. Two organizations (Centre and Roslin) noted potential harms to
animals, perhaps in an attempt to be transparent about GE technology development.

Our study illustrates the different ways animals are featured in FAQs. The FDA, HC, and
EFSA featured animals as objects of regulation and YourGenome, Biotechnology, and Roslin
considered increased production as a result of GE to have animal welfare benefits. YourGe-
nome considered animal dignity, and in one question and answer, Roslin and Center men-
tioned unknown outcomes and potential suffering. Early animal welfare research connected
increased production to better welfare, but this association is now considered naive (Fraser
2008, pp. 102-103). More recent work suggests that people are unlikely to approve of GE
simply to improve production (Naab et al. 2021; Nuffield Council on Bioethics 2021) and
generally do not want to see animals harmed by technologies (McConnachie et al. 2019).

Our study, and much of the previous work on public perceptions of GE, focused primar-
ily on organizations from Europe and North America (Frewer et al. 2013). We acknowledge
cultural differences exist in these contexts, and echo Felia-Méjer’s (2020) call for public
engagement to include underrepresented communities, ideally using participatory research
methods. Recent work by Munshi et al. (2016) illustrates how more inclusive approaches
can be used. We suggest that these approaches, for example, incorporating different lan-
guages and multiple viewpoints, be incorporated into public engagement activities about GE
including FAQs. These approaches would also respond to calls for making public engage-
ment efforts meaningful for the individuals involved, for example considering ways to
directly link public engagement to the policy-making process (Scheufele et al. 2021).

Conclusion

We described how FAQs framed GE in farm animals. The regulatory frame featured
prominently, with some FAQs emphasizing comprehensive regulations focused on
consumer safety and others questioning regulatory adequacy. The efficiency and the risks
and uncertainty frames contested differences between older and newer technologies.
Animals were discussed largely as an object of regulations, but some FAQs also discussed
benefits and risks for animals, including threats to the animal’s dignity. Different FAQs
webpages represented the public differently, but within each the public was considered as a
single group.

Acknowledgements We thank Christine Kuo for her assistance with analysis. We thank Katherine Miller,
UBC librarian, for sharing her knowledge about grey literature reviews. We are also grateful to our
colleagues at UBC and the University of Guelph, including Dr. Mike Von Massow and Jennifer Leslie for
their help and support with this project.

Author Contributions Katherine E. Koralesky: Conceptualization, data curation, formal analysis,
investigation, methodology, project administration, resources, visualization, Writing — original draft,
Writing — review and editing

Heidi J.S. Tworek: Conceptualization, methodology, resources, supervision, visualization, Writing —
review and editing

Marina A. G. von Keyserlingk: Conceptualization, Funding acquisition, supervision, Writing — review
and editing

Daniel M. Weary: Conceptualization, funding acquisition, supervision, visualization, Writing — review
and editing

@ Springer



Food Ethics (2024) 9:7 Page 170f20 7

Funding This work was funded by the Government of Canada through Genome Canada and the Ontario
Genomics Institute (OGI-191). The companies Semex and Acceligen are industry partners to the Genome
Canada grant. They were not involved in the study design, collection, analysis, interpretation of data, the
writing of this article or the decision to submit it for publication.

Data Availability We have supplied the Uniform Resource Locators (URL) for each FAQs webpage in
Table 3 in the main text of the manuscript.

Declarations

Ethics Approval This study did not require ethical review from the University of British Columbia Behavioral
Research Ethics Board because according to the Tri-Council Policy Statement 2 2022, article 2.2, it relied
on information that is “in the public domain and the individuals to whom the information refers have no
reasonable expectation of privacy”. The TCPS2 is available here: https://ethics.gc.ca/eng/policy-politique
teps2-eptc2_2018.html.

Consent Not applicable (see statement on Ethics approval).
Employment Not applicable.

Competing Financial or Non-Financial Interests The authors have no relevant financial or non-financial
interests to disclose.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence,
and indicate if changes were made. The images or other third party material in this article are included in the
article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is
not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Bauer, A., and A. Bogner. 2020. Let’s (not) talk about synthetic biology: framing an emerging
technology in public and stakeholder dialogues. Public Understanding of Science 29 (5): 492-507.
https://doi.org/10.1177/0963662520907255.

Bearth, A., G. Kaptan, and S.H. Kessler. 2022. Genome-edited versus genetically-modified tomatoes:
an experiment on people’s perceptions and acceptance of food biotechnology in the UK
and Switzerland. Agriculture and Human Values 39: 1117-1131. https://doi.org/10.1007/
$10460-022-10311-8.

Brossard, D. 2019. Biotechnology, communication and the public. Métode Science Studies Journal 9:
39-45.

Calabrese, C., B.N. Anderton, and G.A. Barnett. 2019. Online representations of genome editing uncover
opportunities for encouraging engagement: a semantic network analysis. Science Communication 41
(2): 222-242. https://doi.org/10.1177/1075547018824709.

Christiano, A., and A. Neimand. 2017. Stop raising awareness already. Stanford Social Innovation Review
15: 34-41. https://doi.org/10.48558/7ma6-j918.

Connors, S.L., M. Nicolai, S. Berger, R. Pidcock, M. Walsh, and N. Hawtin. 2022. Co—developing the
IPCC frequently asked questions as an effective science communication tool. Climate Change 171: 10.
https://doi.org/10.1007/s10584-021-03248-0.

Davies, G., R. Gorman, R. McGlacken, and S. Peres. 2021. The social aspects of genome editing: Publics
as stakeholders, populations and participants in animal research. Laboratory Animals 56 (1): 88-96.
https://doi.org/10.1177/0023677221993157.

de Graeff, N., K.R. Jongsma, J. Johnston, S. Hartley, and A.L. Bredenoord. 2019. The ethics of genome
editing in non-human animals: a systematic review of reasons reported in the academic literature.

@ Springer


https://ethics.gc.ca/eng/policy-politique_tcps2-eptc2_2018.html
https://ethics.gc.ca/eng/policy-politique_tcps2-eptc2_2018.html
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1177/0963662520907255
https://doi.org/10.1177/0963662520907255
https://doi.org/10.1007/s10460-022-10311-8
https://doi.org/10.1177/1075547018824709
https://doi.org/10.48558/7ma6-j918
https://doi.org/10.1007/s10584-021-03248-0
https://doi.org/10.1177/0023677221993157

7 Page 18 0f 20 Food Ethics (2024) 9:7

Philosophical Transactions of the Royal Society B: Biological Sciences 374: 20180106. https://doi.org/
10.1098/rstb.2018.0106.

Doxzen, K., and H. Henderson. 2020. Is this safe? Addressing societal concerns about CRISPR-edited foods
without reinforcing GMO framing. Environmental Communication 14 (7): 865-871. https://doi.org/10.
1080/17524032.2020.1811451.

Entman, R.M. 1993. Framing: toward clarification of a fractured paradigm. Journal of Communication 43
(4): 51-58. https://doi.org/10.1111/j.1460-2466.1993.tb01304.x.

Felia-Mojer, ML.I. 2020. Gene editing communication must center marginalized communities. Environmental
Communication 14 (7): 877-880. https://doi.org/10.1080/17524032.2020.1812274.

Foley, K., P. Ward, and D. McNaughton. 2019. Innovating qualitative framing analysis for purposes of
media analysis within public health inquiry. Qualitative Health Research 29 (12): 1810-1822. https://
doi.org/10.1177/1049732319826559.

Fraser, D. 2008. Understanding animal welfare: the science in its cultural context. Oxford, UK:
Wiley-Blackwell.

Frewer, LJ., LA. van der Lans, A.R.H. Fischer, M.J. Reinders, D. Menozzi, X. Zhang, I. van den Berg,
and K.L. Zimmermann. 2013. Public perceptions of agri-food applications of genetic modification: a
systematic review and meta-analysis. Trends in Food Science and Technology 30 (2): 142—-152. https://
doi.org/10.1016/j.tifs.2013.01.003.

Frewer, L.J., J. Scholderer, and L. Bredahl. 2003. Communicating about the risks and benefits of genetically
modified foods: the mediating role of trust. Risk Analysis 23 (6): 1117-1133. https://doi.org/10.1111/j.
0272-4332.2003.00385..x.

Gamson, W.A. 1989. News as framing: comments on Graber American Behavioral. Scientist 33 (2): 157-
161. https://doi.org/10.1177/000276428903300200.

Genelnnovate. 2020. Norwegian consumers’ attitudes toward gene editing in Norwegian agriculture and
aquaculture. Genelnnovate. Retrieved May 19, 2023 from https://www.bioteknologiradet.no/filarkiv/
2020/04/Report-consumer-attitudes-to-gene-editing-agri-and-aqua-FINAL.pdf.

Godin, K., J. Stapleton, S.I. Kirkpatrick, R.M. Hanning, and S.T. Leatherdale. 2015. Applying systematic
review search methods to the grey literature: a case study examining guidelines for school-based
breakfast programs in Canada. Systematic Reviews 4: 138. https://doi.org/10.1186/s13643-015-0125-0.

Goffman, E. 1974. Frame analysis: an essay on the organization of experience. Northeastern University
Press.

Guest, G., K.M. MacQueen, and C.C. Namey. 2012. Validity and reliability (credibility and dependability)
in qualitative research and data analysis. In Applied Thematic Analysis, ed. G. Guest, K.M. MacQueen,
and C.C. Namey, 79—-106. Sage Publications.

Hagedorn, C., and S. Allender-Hagedorn. 1997. Issues in agricultural and environmental biotechnology:
identifying and comparing biotechnology issues from public opinion surveys, the popular press and
technical/regulatory sources. Public Understanding of Science 6 (3): 233-245. https://doi.org/10.1088/
0963-6625/6/3/003.

Hersch, R. 1997. FAQs about FAQs. Usenet. Retrieved May 5, 2023, from http://www.faqgs.org/faqs/faqs/
about-faqs/.

Hill, N., C. Meyers, N. Li, D. Doerfert, and M. Venugopal. 2022. How does the public discuss gene editing
in agriculture? An analysis of Twitter content. Advancements in Agricultural Development 3 (2):
31-47.

Koralesky, K.E., L.V. Sirovica, J. Hendricks, K.E. Mills, M.A.G. von Keyserlingk, and D.M. Weary. 2023.
Social acceptance of genetic engineering technology. PLoS ONE 18 (8): €0290070. https://doi.org/10.
1371/journal.pone.0290070.

Kramer, K., and F.L.B. Meijboom. 2021. Using breeding technologies to improve farm animal. welfare:
What is the ethical relevance of Telos? Journal of Agricultural and Environmental Ethics 34: 2. https://
doi.org/10.1007/s10806-021-09843-6.

Kronberger, N., W. Wagner, and M. Nagata. 2014. How natural is more natural? The role of method,
type of transfer, and familiarity for public perceptions of cisgenic transgenic modification science
communication. Science Communication 36 (1): 106—130.

Kuo, C., Koralesky, K.E., von Keyserlingk, M.A.G., and Weary, D.M. 2024. Gene editing in animals: What
does the public want to know and what information do stakeholder organizations provide? Public
Understanding of Science. https://doi.org/10.1177/09636625241227091.

Lin, J. 2021. For or against genetically modified foods: different discursive strategies in Chinese social
media. Public Understanding of Science 30 (8): 1058-1072. https://doi.org/10.1177/0963662521
1003823.

Macnaghten, P. 2001. Animal futures: Public attitudes and sensibilities towards animals and biotechnology
in contemporary Britain Institute for Environment, Philosophy and Public Policy for the Agricultural

@ Springer


https://doi.org/10.1098/rstb.2018.0106
https://doi.org/10.1098/rstb.2018.0106
https://doi.org/10.1080/17524032.2020.1811451
https://doi.org/10.1080/17524032.2020.1811451
https://doi.org/10.1111/j.1460-2466.1993.tb01304.x
https://doi.org/10.1080/17524032.2020.1812274
https://doi.org/10.1177/1049732319826559
https://doi.org/10.1177/1049732319826559
https://doi.org/10.1016/j.tifs.2013.01.003
https://doi.org/10.1016/j.tifs.2013.01.003
https://doi.org/10.1111/j.0272-4332.2003.00385.x
https://doi.org/10.1111/j.0272-4332.2003.00385.x
https://doi.org/10.1177/000276428903300200
https://www.bioteknologiradet.no/filarkiv/2020/04/Report-consumer-attitudes-to-gene-editing-agri-and-aqua-FINAL.pdf
https://www.bioteknologiradet.no/filarkiv/2020/04/Report-consumer-attitudes-to-gene-editing-agri-and-aqua-FINAL.pdf
https://doi.org/10.1186/s13643-015-0125-0
https://doi.org/10.1088/0963-6625/6/3/003
https://doi.org/10.1088/0963-6625/6/3/003
http://www.faqs.org/faqs/faqs/about-faqs/
http://www.faqs.org/faqs/faqs/about-faqs/
https://doi.org/10.1371/journal.pone.0290070
https://doi.org/10.1371/journal.pone.0290070
https://doi.org/10.1007/s10806-021-09843-6
https://doi.org/10.1007/s10806-021-09843-6
https://doi.org/10.1177/09636625241227091
https://doi.org/10.1177/09636625211003823
https://doi.org/10.1177/09636625211003823

Food Ethics (2024) 9:7 Page 190f20 7

and Environmental Biotechnology Commission. Retrieved May 19, 2023, from https://webarchive.
nationalarchives.gov.uk/ukgwa/20100419143353/http://www.aebc.gov.uk/aebc/pdf/macnaghten_
animals_futures.pdf.

Matthes, J., and M. Kohring. 2008. The content analysis of media frames: toward improving reliability
and validity. Journal of Communication 58 (2): 258-279. https://doi.org/10.1111/j.1460-2466.
2008.00384.x.

McConnachie, E., M.J. Hotzel, J.A. Robbins, A. Shriver, D.M. Weary, and M.A.G. von Keyserlingk.
2019. Public attitudes towards genetically modified polled cattle. PLoS ONE 14 (5): €0216542.
McLeod, C., and P. Hobson-West. 2016. Opening up animal research and science—society relations?
A thematic analysis of transparency discourses in the United Kingdom. Public Understanding of

Science 25 (7): 791-806. https://doi.org/10.1177/0963662515586320.

Meyer, M. 2020. The fabric of the public in debates about gene editing. Environmental Communication
14 (7): 872-876. https://doi.org/10.1080/17524032.2020.1811477.

Montoliu, L. 2023. Transgenesis and genome engineering: a historical review. In Transgenesis: methods
and protocols, ed. Thomas L. Saunders, 1-32. New York: Humana.

Munshi, D., P.A. Kurian, T. Morrison, and S.L. Morrison. 2016. Redesigning the architecture. of policy-
making: Engaging with Maori on nanotechnology in New Zealand. Public Understanding of
Science 25 (3): 287-302. https://doi.org/10.1177/0963662514548629.

Naab, F.Z., D. Coles, E. Goddard, and L.J. Frewer. 2021. Public perceptions regarding genomic
technologies applied to breeding farm animals: a qualitative study. Biotech 10 (4): 28. https://doi.
org/10.3390/biotech10040028.

Nuffield Council on Bioethics. 2021. Online public dialogue on genome editing in farmed animals
Nuffield Council on Bioethics. https://www.nuffieldbioethics.org/assets/pdfs/BASIS-report-online-
dialogue-genome-editing-and-farmed-animals.pdf. Accessed 19 May 2023.

Pew Trust. 2005. Exploring the moral and ethical aspects of genetically engineered and cloned animals:
Summary of a multistakeholder workshop The Pew Initiative on Food and Biotechnology. https://
www.pewtrusts.org/-/media/legacy/uploadedfiles/wwwpewtrustsorg/news/press_releases/food_
and_biotechnology/pifbmoralethicalaspectsgeandclonedanimalspdf.pdf . Accessed 19 May 2023.

PytlikZillig, L.M., and A.J. Tomkins. 2011. Public engagement for informing science and technology
policy: what do we know, what do we need to know, and how will we get there? Review of Policy
Research 28 (2): 197-217. https://doi.org/10.1111/j.1541-1338.2011.00489.x.

Rempel, E.S., J. Barnett, and H. Durrant. 2018. Public engagement with UK government data science:
propositions from a literature review of public engagement on new technologies. Government
Information Quarterly 35 (4): 569-578. https://doi.org/10.1016/j.giq.2018.08.002.

Rempel, E.S., J. Barnett, and H. Durrant. 2019. The hidden assumptions in public engagement: a case
study of engaging on ethics in government data analysis. Research for All 3 (2): 180-190. https://
doi.org/10.18546/RFA.03.2.05.

Rowe, G., and L.J. Frewer. 2000. Public participation methods: a framework for evaluation. Science
Technology & Human Values 25 (1): 3-29. https://doi.org/10.1177/016224390002500101.

Rowe, G., and L.J. Frewer. 2005. A typology of public engagement mechanisms. Science Technology &
Human Values 30 (2): 251-290. https://doi.org/10.1177/0162243904271724.

SAGE. 2008. Inter- and intracoder reliability. In The SAGE encyclopedia of qualitative research
methods, ed. L. M. Given, vol. 1 445-446. SAGE Publications, Thousand Oaks, USA.

Sajjadi, N.B., S. Shepard, R. Ottwell, K. Murray, J. Chronister, M. Hartwell, and M. Vassar. 2021.
Examining the public’s most frequently asked questions regarding COVID-19 vaccines using search
engine analytics in the United States: observational study. Journal of Medical Internet Research
Infodemiology 1 (1): €28740. https://doi.org/10.2196/28740.

Scheufele, D.A., N.M. Krause, I. Freiling, and D. Brossard. 2021. What we know about effective public
engagement on CRISPR and beyond. Proceedings of the National Academy of Sciences 118 (22):
€2004835117. https://doi.org/10.1073/pnas.2004835117.

Shah, E., D. Ludwig, and P. Macnaghten. 2021. The complexity of the gene and the precision of
CRISPR: what is the gene that is being edited? Elementa Science of the Anthropocene 9(1). https://
doi.org/10.1525/elementa.2020.00072.

Siegrist, M. 2000. The influence of trust and perceptions of risks and benefits on the acceptance of gene
technology. Risk Analysis 20 (2): 195-203. https://doi.org/10.1111/0272-4332.202020.

Siegrist, M. 2021. Trust and risk perception: a critical review of the literature. Risk Analysis 41(3): 480—
490. https://doi.org/10.1111/risa.13325.

Stilgoe, J., R. Owen, and P. Macnaghten. 2013. Developing a framework for responsible innovation.
Research Policy 42: 1568-1580. https://doi.org/10.1016/j.respol.2013.05.008.

@ Springer


https://webarchive.nationalarchives.gov.uk/ukgwa/20100419143353/http://www.aebc.gov.uk/aebc/pdf/macnaghten_animals_futures.pdf
https://webarchive.nationalarchives.gov.uk/ukgwa/20100419143353/http://www.aebc.gov.uk/aebc/pdf/macnaghten_animals_futures.pdf
https://webarchive.nationalarchives.gov.uk/ukgwa/20100419143353/http://www.aebc.gov.uk/aebc/pdf/macnaghten_animals_futures.pdf
https://doi.org/10.1111/j.1460-2466.2008.00384.x
https://doi.org/10.1111/j.1460-2466.2008.00384.x
https://doi.org/10.1177/0963662515586320
https://doi.org/10.1080/17524032.2020.1811477
https://doi.org/10.1177/0963662514548629
https://doi.org/10.3390/biotech10040028
https://doi.org/10.3390/biotech10040028
https://www.nuffieldbioethics.org/assets/pdfs/BASIS-report-online-dialogue-genome-editing-and-farmed-animals.pdf
https://www.nuffieldbioethics.org/assets/pdfs/BASIS-report-online-dialogue-genome-editing-and-farmed-animals.pdf
https://www.pewtrusts.org/-/media/legacy/uploadedfiles/wwwpewtrustsorg/news/press_releases/food_and_biotechnology/pifbmoralethicalaspectsgeandclonedanimalspdf.pdf
https://www.pewtrusts.org/-/media/legacy/uploadedfiles/wwwpewtrustsorg/news/press_releases/food_and_biotechnology/pifbmoralethicalaspectsgeandclonedanimalspdf.pdf
https://www.pewtrusts.org/-/media/legacy/uploadedfiles/wwwpewtrustsorg/news/press_releases/food_and_biotechnology/pifbmoralethicalaspectsgeandclonedanimalspdf.pdf
https://doi.org/10.1111/j.1541-1338.2011.00489.x
https://doi.org/10.1016/j.giq.2018.08.002
https://doi.org/10.18546/RFA.03.2.05
https://doi.org/10.18546/RFA.03.2.05
https://doi.org/10.1177/016224390002500101
https://doi.org/10.1177/0162243904271724
https://doi.org/10.2196/28740
https://doi.org/10.1073/pnas.2004835117
https://doi.org/10.1525/elementa.2020.00072
https://doi.org/10.1525/elementa.2020.00072
https://doi.org/10.1111/0272-4332.202020
https://doi.org/10.1111/risa.13325
https://doi.org/10.1016/j.respol.2013.05.008

7 Page200f20 Food Ethics (2024) 9:7

Supran, G., and N. Oreskes. 2021. Rhetoric and frame analysis of ExxonMobil’s climate change
communications. One Earth 4: 696-719. https://doi.org/10.1016/j.oneear.2021.04.014.

Tait-Burkard, C., A. Doeschl-Wilson, M.J. McGrew, A.L. Archibald, H.N. Sang, R.D. Houston, C.B.
Whitelaw, and M. Watson. 2018. Livestock 2.0 — genome editing for fitter, healthier, and more
productive farmed animals. Genome Biology 19: 204. https://doi.org/10.1186/s13059-018-1583-1.

Tankard, Jr. J. W. 2001. The empirical approach to the study of media framing. In Framing Public Life
Perspectives on Media and our understanding of the Social, eds. S. D. Reese, O. H. Gandy Jr., and A.
E. Grant. 95-105. Routledge. https://doi.org/10.4324/9781410605689.

TCPS2. 2022. Tri-Council Policy Statement: Ethical Conduct for Research Involving Humans — TCPS 2.
Tri-Council Policy Statement. https://ethics.gc.ca/eng/documents/tcps2-2022-en.pdf. Accessed 19 May
2023.

Walker, B., and J. Malson. 2020. Science, God, and nature: a textual and frequency analysis of Facebook
comments on news articles about agricultural and environmental gene editing. Environmental
Communication 14 (7): 1004-1016. https://doi.org/10.1080/17524032.2020.1761853.

Wynne, B. 2006. Public engagement as a means of restoring public trust in science — hitting the notes, but
missing the music? Community Genetics 9 (3): 211-220. https://doi.org/10.1159/000092659.

Yang, Y., and J.E. Hobbs. 2020. The power of stories: narratives and information framing effects in science
communication. American Journal of Agricultural Economics 102 (4): 1271-1296. https://doi.org/10.
1002/ajae.12078.

Yunes, M.C., Z. Osério-Santos, M.A.G. von Keyserlingk, and M.J. Hotzel. 2021. Gene editing for improved
animal welfare and production traits in cattle: will this technology be embraced or rejected by the
public? Sustainability 13 (9): 4966. https://doi.org/10.3390/su13094966.

Zahry, N.R., and J.C. Besley. 2019. Genetic engineering, genetic modification, or agricultural biotechnology:
does the term matter? Journal of Risk Research 22 (1): 16-31. https://doi.org/10.3390/su13094966.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Authors and Affiliations

Katherine E. Koralesky'® - Heidi J. S. Tworek?>3*® . Marina A. G. von Keyserlingk’
Daniel M. Weary'

P4 Daniel M. Weary
dan.weary @ubc.ca; danweary @mail.ubc.ca

Katherine E. Koralesky
katie.koralesky @ubc.ca

Heidi J. S. Tworek
heidi.tworek @ubc.ca

Marina A. G. von Keyserlingk

nina@mail.ubc.ca

Animal Welfare Program, Faculty of Land and Food Systems, The University of British Columbia,
2357 Main Mall, Vancouver, BC V6T 1Z4, Canada

2 Department of History, The University of British Columbia, Room 1297, 1873 East Mall,
Vancouver, BC V6T 1Z1, Canada

School of Public Policy and Global Affairs, The University of British Columbia, Vancouver, BC,
Canada

@ Springer


https://doi.org/10.1016/j.oneear.2021.04.014
https://doi.org/10.1186/s13059-018-1583-1
https://doi.org/10.4324/9781410605689
https://ethics.gc.ca/eng/documents/tcps2-2022-en.pdf
https://doi.org/10.1080/17524032.2020.1761853
https://doi.org/10.1159/000092659
https://doi.org/10.1002/ajae.12078
https://doi.org/10.1002/ajae.12078
https://doi.org/10.3390/su13094966
https://doi.org/10.3390/su13094966
https://doi.org/10.3390/su13094966
http://orcid.org/0000-0002-7347-7745
http://orcid.org/0000-0001-8825-7895
http://orcid.org/0000-0002-1427-3152
http://orcid.org/0000-0002-0917-3982

	“Frequently Asked Questions” About Genetic Engineering in Farm Animals: A Frame Analysis
	Abstract
	Introduction
	Materials and Methods
	Ethics
	FAQs Webpage Search
	Existing Frames
	Frame Analysis

	Results
	Regulatory Frame
	Rigorous Regulations and Consumer Assurance
	Challenging the Adequacy of Regulations

	Efficiency and Risks and Uncertainty Frames
	Comparing GE to Other Breeding Practices
	Defining GE Technologies

	Animal Welfare and Animal Dignity Frames
	Animals as the Object of Regulations
	Benefits or Risks for Animals?

	Public Representations

	Discussion
	Conclusion
	Acknowledgements 
	References




