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Abstract

In the face of increasing consumer scrutiny of the food supply chain, communication
practitioners have been determined to understand public perceptions of the food
production process from ‘farm to fork.’ The beef industry has been of particular interest
due to the relatively high production emissions and an increased level of public support
for environmentally friendly food behaviors, such as eating less beef. To address these
concerns, the USDA and industry organizations are creating programs to incentivize and
promote climate-smart beef production practices. Further, a new market is being created,
where products may be labeled as ‘sustainable’ or ‘climate-smart.” In order for this market
to thrive, communicators and educators must strive to educate the public about these
production practices; however, little is known about how to educate the public and market
these climate-smart production techniques to the public. This study sought to identify and
describe unique target audiences for educational communication about climate-smart beef
production using audience segmentation. Through a K-means cluster analysis, we
identified four strategic target audiences based on respondents’ climate change concern,
political ideology, trust in science, and perception of the environmental responsibility of
the beef industry. After, we described each cluster’s demographic characteristics, beef
consumption frequency, attitude toward sustainable food products, and preferred
communication sources to inform strategic communication efforts. This study provides
insight and recommendations for educators and other practitioners communicating about
climate-smart beef as well as areas of future research into this emergent area.

Introduction

In the face of increasing consumer scrutiny of the food supply chain, communication
practitioners have been determined to understand public perceptions of the food production process
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from “farm to fork” (Nukala et al., 2016). Previous scholars in agricultural education and
communications have examined consumer perceptions of the food supply chain, including poultry
production (Estes et al., 2015; Powers et al., 2020), animal slaughter (Tarpley et al., 2020), locally
produced beef products (Oesterreicher et al., 2018), local strawberries (Ruth & Rumble, 2016), and
local food messages (Abrams & Soukup, 2017). Notably, both during and after the COVID-19
pandemic, consumer trends indicated an increase in purchases of food products with labels deeming
the product “sustainable” and increases in concerns regarding the environmental impacts of the
food and agricultural industry (Frey et al., 2023; Nemes et al., 2021).

The beef sector has been of particular interest to consumers due to the environmental
impact of animal agricultural production (USDA, 2022c; Environmental Protection Agency, 2023)
and the current public interest in environmentally friendly behavior (Nemes et al., 2021). While
beef is the most resource-intensive agricultural sector, agricultural production accounts for only
11.2% of all domestic greenhouse gas emissions (USDA, 2022c; U.S. Roundtable for Sustainable
Beef, 2024). Despite this, the beef industry has set multiple climate-smart goals and seeks to move
toward more sustainable and climate-smart production practices to achieve climate neutrality by
2040 (American Society of Animal Science, 2015; U.S. Roundtable for Sustainable Beef, 2024).
The beef industry aspires to become more climate neutral by implementing on farm practices such
as managed or rotational grazing, increased feed efficiency, reforestation, reduced use of farm
machinery, and other efforts to contribute to gains in efficiency (de Souza et al., 2017; Gosnell et
al., 2021).

The federal government has also prioritized and incentivized the climate-smart agricultural
production movement. In 2022, the USDA launched a Partnerships for Climate-Smart
Commodities initiative to “expand markets for America’s climate-smart commodities, leverage the
greenhouse gas benefits of climate-smart commodity production, and provide direct, meaningful
benefits to production agriculture, including for small and underserved producers” (USDA, 2022b,
para. 1). The initiative invested more than $3.1 billion for 141 agricultural projects (USDA, 2022b).
Vytelle, a company which helps producers refine more sustainable beef genetics, was awarded $10
million of this initial sum to help reduce the beef industry’s emissions by 50% via technology and
genetic selection (Vytelle, 2022). Another recipient of $10 million, Sustainable Northwest, has
partnered with Grazewell, an initiative of more than 100 western ranchers, to adopt regenerative
ranching practices to “be part of the climate solution” (KTVZ, 2022, para. 2).

The novelty of these practices, beef’s relatively high production emissions, and subsequent
media coverage have catalyzed the public to consider lowering red meat consumption as an option
to lower their individual carbon footprint. Happer and Wellesley (2019) reviewed research in the
UK, US, China, and Brazil to understand the media’s role in public perception of meat consumption
and acknowledged an increase in social campaigns intended to reduce meat consumption for the
sake of reducing climate change. Sanchez-Sabate and Sabate (2019) systematically reviewed 34
papers on consumer perceptions of meat consumption in the context of environmental stewardship
and found that consumers are generally aware of meat’s environmental impact and willing to reduce
meat consumption for the sake of the environment. In the public press, the Scientific American
published an article titled Eating less red meat is something individuals can do to help the climate
crisis (Oreskes, 2022). Other news coverage featured the 2019 International Panel on Climate
Change (IPCC) report that included a recommendation to reduce meat consumption, such as a
Nature article titled, Eat less meat: UN climate-change report calls for change to human diet
(Schiermeier, 2019). Further, the beef industry has received a “black eye” from the public in this
regard (Telg et al., 2018). The beef industry is understandably concerned about the public’s
perception of its products and processes and what this might mean for the economic viability of the
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industry. In fact, the USDA already reported an expected “modest decrease in meat consumption
for 2022” (USDA, 2022a, p. 1).

As a reaction to both climate change and public perception, Cusworth et al. (2022)
acknowledged a “green rebranding of cattle” (p. 1). In the case of the Climate-Smart initiatives,
organizations within the industry are beginning to market products as ‘climate-friendly’ or
‘sustainable.” For example, Tyson Foods has launched a brand to promote ‘climate-smart beef,” a
result of their partnership with USDA’s Climate-Smart Commodities (Tyson Foods, 2024). The
mission is to develop a marketplace to promote the work of beef producers striving to incorporate
sustainable practices and reduce greenhouse gas emissions (Tyson Foods, 2024). This “rebranding”
attempts to educate the public about sustainable agricultural practices and foster a positive attitude
of the industry among environmentally conscious consumers and the public.

In line with the mission of changing perspectives, scholarship and practice have
documented the importance of understanding who is in the audience and abandoning blanket
messaging to deliver unique messages tailored to segmented, target audiences of similar
individuals, inspiring and informing attitude and behavior change (Grunig, 1989). For example,
within the Journal of Agricultural Education, several studies have investigated audience
characteristics of water conservation messages to develop tailored, strategic messaging to its
publics (Fischer et al., 2018; Huang et al., 2016; Warner et al., 2015; Warner et al., 2017). Others
have described the need for advanced quantitative analysis of audience characteristics beyond
demographic information (e.g., behavioral characteristics, motivations, issue perceptions) for
environmental and scientific communication, such as cluster analysis (Hine et al., 2014), which has
seen limited use in our discipline (Essary et al., 2021). In fact, these calls suggest we must determine
how to position information to be congruent with the audience’s values and beliefs in order for it
to be salient and attended to (Fischer et al., 2020). Our study seeks to address this gap by identifying
and describing unique target audience segments providing data-driven insights for informed
strategic education and communication about climate-smart beef production using audience
segmentation beyond demographic information.

Conceptual Framework

The public's increased interest regarding the environmental impacts of food production and
its systems warrants further communication from agricultural scientists and producers about their
production practices and techniques. However, public perceptions regarding science are built upon
“deeply held values” (National Academy of Sciences, 2017, p. 54) and beliefs such as political
ideology, science trust, and environmental viewpoints (Arbuckle, 2016; Burnier et al. 2021; Hine
et al, 2014; McCright et al., 2016). Communicating controversial scientific information may
challenge these beliefs, values, and interests; therefore, agricultural educators and communicators
must be cautious when disseminating information to those with varying beliefs to avoid converse
effects. One technique to mitigate the converse effects is to tailor scientific messages to a singular
audience segment while still delivering credible and accurate information (Hine et al., 2014;
National Academy of Sciences, 2016). Message tailoring involves aligning a piece of accurate
information in a manner that is consistent with audience segment’s members' strongly held beliefs
morals, and values (Maibach et al., 2009; McCright et al., 2016).

Message tailoring must begin with a thorough understanding of an audience; however, it is
important to understand there are multiple groups or segments of an audience, as not all humans
are alike or similar (Bostrom et al., 2013). Instead, communicators must strive to divide populations
into unique audience subgroups or audience segments to inform their communications strategy.
Audience segmentation seeks to create efficient communication specific to target audiences within
specific realms who share similar thoughts, perspectives, and values (Slater, 1996). More, scholars
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(e.g., Hine et al., 2014; Runge et al., 2018; Warner et al., 2016) and practitioners (e.g., Midan
Marketing, 2023) have called for audience segmentation techniques to move beyond demographics
and segment values, beliefs, and psychographic traits.

The audience segmentation process evaluates and divides markets into various segments,
or groups where individuals share needs, characteristics, and opinions (Tuten, 2021). Additionally,
audience segmentation, often referred to as market segmentation, seeks to influence levels of
knowledge, concern, or opinions regarding a particular topic in order to reshape or inform one’s
behavior (Slater, 1996). Grunig (1989) describes audience segmentation in simple terms: “divide a
population, market, or audience into groups whose members are more like each other than members
of other segments” (p. 202). The technique is an essential tool in the strategic communicator’s
toolbox, building upon the understanding that knowing your audience is crucial to developing
compelling communication. Identifying target audiences through audience segmentation allows for
tailored communication to unique subgroups that share similar characteristics (Warner et al., 2016).
Communication tailored to an individual’s current perceptions (e.g., values, political ideology,
behaviors, beliefs, and other worldviews) can be more compelling (Grunig, 1989).

To segment an audience, communicators must follow a specific process (Bonoma &
Shapiro, 1984; Slater, 1996). The first step is to identify information from prior literature regarding
knowledge, attitude, and behavior within a domain (Slater, 1996). Following, researchers must
identify audience segments with distinctive, yet shared, characteristics that are tailored to each
realm within the study (Slater, 1996). Lastly, and the most thorough step, is for researchers to
determine the best strategy for identifying patterns of each determinant, then placing individuals
into specific, distinct segments (Slater, 1996).

When developing climate-related messages, considering audience members' current
perceptions and values is essential due to the highly polarized nature of climate change in the United
States (McCright et al., 2016). Many communication efforts and studies have used audience
segmentation to identify target audiences for climate change related messages with goals to
encourage perception and behavior change, such as supporting climate change mitigation policy
and participating in environmentally sustainable practices (Bostrom et al., 2013; Detenber et al.,
2016; Hine et al., 2014; Maibach et al., 2009). Due to the recent emergence of climate-smart beef
production practices, no research has applied audience segmentation techniques to the public to
identify target audiences for climate-smart beef communication and public education. Thus, we
draw from the literature on climate change, sustainability, and consumer behavior to develop the
key constructs for our audience segmentation to inform climate-smart communication about the
beef industry (Bostrom et al., 2013; Hine et al., 2014).

Concern for Climate Change

At the forefront of the conversation on climate and environmentally friendly beliefs is an
individual's perception or concern for climate change. The way an individual perceives climate
change, including how much it worries or concerns them (Bouman et al., 2020; Maibach et al.,
2009; McCright, 2009) and how risky they perceive it (Dietz et al., 2007), has been shown to be
positively correlated with their likelihood to behave in a climate-friendly way or adopt a climate-
smart behavior. Purchasing climate-smart or sustainable products has been linked to mitigating the
effects of climate change, and those that hold a higher level of concern for climate change are often
more likely to purchase sustainable and climate-friendly products (Trudel, 2019).

Political Ideology
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Further, climate change perceptions and participation in environmentally friendly
behaviors in the United States have been found to be closely related to an individual’s political
ideology (Trudel, 2019). Indeed, those who identify as Republican tend to be more skeptical of
climate change (Arbuckle, 2016; de Leon et al., 2020; Merkley & Stecula, 2021) and at risk of
adverse message effects when receiving climate messages (Chinn & Hart, 2021). A Pew Research
study found that even though Republicans considered climate change a lower priority issue, they
most highly favored the climate-friendly action of planting trees to absorb carbon emissions (Tyson,
2021). Other research has shown that political ideology is related to willingness to support climate
change mitigation policy (McCright et al., 2016) and purchasing sustainable or climate-friendly
products (Gromet et al., 2013).

Trust in Science

Closely related to climate change and political ideology is an individual’s level of trust in
science, which has been found to impact receptiveness to messaging related to climate-friendly
behaviors (Cologna & Siegrist, 2020). Because individuals are unlikely to themselves be climate
scientists, they must trust the scientific consensus (i.e., climate change is real and primarily human
caused) and processes that preceded it (i.e., scientific method). While trust in science has been
unexplored in the context of climate-smart beef production, it has been found as a key variable of
influence in other environmental behaviors, including general meat consumption (Happer &
Wellesley, 2019), reducing energy use, and donating money to environmental groups (Taniguchi &
Marshall, 2018).

Perception of Environmental Responsibility of the Beef Industry

Another variable closely connected to an individual’s likelihood to purchase climate-smart
beef is their perception of the environmental impacts of the beef industry. Burnier et al. (2021)
measured environmental impact in a study of Brazilian consumers' perceptions of sustainable beef
production processes to find this perception relevant to consumer decision making. Gosnell et al.
(2021) documented U.S. beef industry leaders’ perceptions of the industry’s social sustainability,
including environmental factors. Other more generalized studies have found that an individual’s
level of environmental concern influences pro-environmental behavior (Tam & Chan, 2018).

Other Variables

In addition to the aforementioned variables used to form the audience segments (discussed
in detail in the methods section), we also describe other relevant characteristics of the audience
members, including their beef consumption frequency, attitude toward sustainable food products,
preferred communication sources, and demographic characteristics to further describe each
segment for richer message development insight.

Purpose and Objectives

The beef industry has been of particular interest due to the relatively high production
emissions and an increased level of public support for environmentally friendly food behaviors,
such as eating less beef. To address these concerns, the USDA and industry sectors are creating
programs to incentivize and promote climate-smart beef production practices. Further, a new
market is being created, where products may be labeled as “climate smart.” Although there has
been an emergence of climate-smart beef production techniques, little is known about how to
educate and promote these climate-smart production techniques to the public. Further, the industry
needs to strategically educate the public about sustainable agricultural practices that foster a
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positive attitude of the industry among environmental consumers. Therefore, the purpose of this
study was to conduct an audience segmentation to identify and describe unique target audiences for
educational communication about climate-smart beef production techniques. We used the following
objectives to guide the study:

RO1: Identify audience segments based on respondents’ climate change concern, political

ideology, trust in science, and perceived environmental impacts of the beef industry.

RO2: Describe the identified audience segments’ demographic characteristics.

RO3: Describe the identified audience segments’ beef consumption frequency

RO4: Describe the identified audience segments’ preferred communication sources.

Methods

To develop recommendations for strategic educational communication about climate-smart
beef practices, we distributed an online Qualtrics survey instrument to identify audience segments
based on respondents’ opinion toward climate change concern, political ideology, trust in science,
and perception of environmental responsibility of the beef industry. The data in this study are part
of a larger questionnaire determined to understand public perception of climate-smart beef
practices.

To fulfill the purpose of the study, we sourced a third-party company, Qualtrics, to collect
a non-probability, opt-in sample of U.S. residents aged 18-years or older. Non-probability sampling
is a technique using non-random techniques to invite respondents that match specific characteristics
to participate in online research questionnaires through incentives (Baker et al., 2013; Donsbach &
Traugott, 2007; Lamm & Lamm, 2019; Lehdonvirta et al., 2021). This technique has become a
popular method to gathering U.S. public opinion through an online format, and it has been found
to be an acceptable sampling technique due to the increased access of internet across the U.S.,
access to an accessible population, and ability to reach a wide range of respondents (Baker et al.,
2013; Donsbach & Traugott, 2007; Lamm & Lamm, 2019; Lehdonvirta et al., 2021). Further, these
non-probability sample techniques have been documented to provide higher response rates in
comparison to random digit dialing of landline numbers in our modern society (Baker et al., 2013).
Albeit, non-probability samples have bias and limitations due to potential exclusion, selection, and
participation bias; thus, readers should be cautioned to generalize the findings of the study (Lamm
& Lamm, 2019; Lehdonvirta et al., 2021).

Population and Sample

To recruit respondents, we used Qualtrics Market Research Services to source respondents
from their actively managed research panels to gather responses from U.S. residents in October and
November 2022. Qualtrics initially contacted 2,340 U.S. residents to participate in our study.
However, our final sample included 1,425 usable responses. Useable responses were deemed
acceptable for respondents who matched the nationwide census characteristics, known as ‘quotas,’
for age, race, and gender (see Table 1). Additionally, respondents who did not meet our quality
checks (i.e., speeding through survey, extreme time to take the survey, incomplete responses, or
failed attention checks) were eliminated from our sample. Due to the polarizing nature of climate
change and its close relationship with environmental concern, we also removed the respondents
who selected “prefer not to answer” and “other” to the political ideology question. Based on the
number of respondents who started the study and the number of respondents who were kept for the
final sample, the completion rate for our study was 60.89%. Table 1 describes the U.S. Census
population percentages and how our respondent sample matched the characteristics.
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Table 1
Respondents’ Demographic Characteristics Compared to U.S. Population (N = 1,441)
Demographic Characteristic US Census Sample
% f %
Gender”
Male 49.6% 647 44.90%
Female 50.4% 781 54.20%
Non-Binary/Third Gender n/a 9 0.62%
Prefer not to say n/a 4 0.28%
Age®
18-34 29% 413 28.66%
35-54 33% 455 31.58%
55+ 38% 573 39.76%
Race/Ethnicity™
Hispanic 19.1% 206 14.30%
Non-Hispanic 81.1% 1235 85.70%
White 75.5% 1099 76.27%
Black or African American 13.6% 196 13.60%
Asian or Pacific Islander 6.1% 66 4.58%
American Indian, Native American, or 0.3% 50 3.47%
Other Pacific Islander
Prefer not to answer n/a 52 3.61%
U.S. Region’
Northeast 17.1% 261 18.11%
Midwest 20.6% 312 21.65%
West 38.6% 476 33.03%
South 23.6% 366 25.40%

*(US Census, 2022b)

> Respondents were asked to enter their age in years. After, we recorded this numerical number
into the three categories (US Census, 2022c)

“ Respondents were asked to select if they were of Spanish, Hispanic, or Latino origin. After, they
were asked to choose one or more races that they consider themselves to be.

4 Respondents were asked to select their state of residence, which was converted into regions.
(US Census, 2022a)

Instrument Development

Data were collected through a series of questions derived from the prior literature (Bouman
et al. 2020; Burnier et al., 2021; McCright et al., 2013) to acquire relevant information to form the
audience segments. To ensure face and content validity, a panel of experts reviewed the survey
instrument for content accuracy, clarity of wording, readability, and survey flow (Dillman et al.,
2014; Wimmer & Domminick, 2014). The panel of experts comprised of faculty and industry
experts in the animal sciences (beef, dairy, and meat), sustainability, and agricultural
communications. To ensure reliability, prior to launching the survey questionnaire, a pilot test was
conducted with 50 respondents to ensure the reliability of the adapted and developed scale items
(Dillman et al., 2014). All scale items were found to be reliable (o = .80 or higher), and we
proceeded with the data collection process (Dillman et al., 2014; Wimmer & Domminick, 2014).

Data Collection Procedure and Variables
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To complete the questionnaire, the respondents were first asked to complete the Texas Tech
University approved IRB consent form. After, they were asked to respond to a series of questions
to form their audience segments, such as climate change concern, perceived environmental
responsibility of the beef industry, trust in science, and political ideology. Following, they answered
other questions regarding their information sources and demographics. Finally, the respondents
were thanked for their time, and Qualtrics provided an incentive for their participation in the study.
Qualtrics Market Research was responsible for disturbing the incentive for the individual’s
participation in the study based on their recruitment partnerships. Qualtrics and their partners
provide incentives from a variety of sources. For example, respondents may be airline customers
who will be compensated through airline miles, retail customers will receive points at their
preferred retail outlet, and others may participate in exchange for cash or gift cards (Qualtrics, n.d.).
However, we paid Qualtrics $5.25 for each response.

Audience Segmentation Variables

The climate-smart beef audience segments identified in this study were developed based
on the prior literature. Specifically, scholars have indicated audience segments should be based less
on demographic characteristics (Hine et al., 2014; Warner et al., 2016); but instead, audience
segments should be based on the psychographic characteristics of the audience. The variables
collected in our public opinion survey questionnaire reflect the climate-smart beef psychographic
insights driven by the prior literature to develop audience segments. Specifically, scholars have
indicated consumers differ based on their political ideology (McCright et al., 2016), concern for
climate change (Bouman et al., 2020; Dietz et al., 2009; Maibach et al., 2009; McCright et al.,
2009), level of trust in science (Cologna & Siergrist, 2022; McCright et al., 2013), and perception
of the environmental impact of the beef industry (Burnier et al., 2021). We describe these variables
in detail in the below sections:

Political Ideology. Political ideology was measured and accounted for in the audience
segments due to its relationship with environmental and climate behaviors and perceptions
(Arbuckle, 2016; de Leon et al., 2020; Merkley & Stecula, 2021). To measure political ideology,
respondents were asked “how would you describe your political view,” with option statements of
very liberal, slightly liberal, moderate, slightly conservative, very conservative.

Concern for Climate Change. Concern for climate change (Cronbach o = .921) has been
found to be highly correlated to the likelihood to believe in a climate-smart behavior (i.e.,
purchasing climate-smart products), and thus was a critical addition to the audience segments
(Bouman et al., 2020; Maibach et al., 2009; McCright, 2009). We measured concern for climate
change based on an adaptation of Bouman et al.’s (2020) construct. Respondents were asked to rate
their agreement to the following (1 = strongly disagree, 5 = strongly agree): “l am worried about
climate change,” “I believe that climate change will harm humans,” and “I believe that climate
change will harm plants and animals” (Bouman et al., 2020).

Trust in science. Trust in science has also been found to be highly related to perceptions
of environmental and climate initiatives, such as climate-smart products. Simply, those who trust
the scientific consensus tend to trust climate-smart practices and are more willing to trust and
purchase climate-smart products (Cologna & Siegrist, 2020; Happer & Wellesley, 2019). Thus, we
measured respondents trust in science (Cronbach o, =.880). It was measured by asking respondents
how much they trust scientists based on a 5-point Likert scale (1 = completely distrust, 5 =
completely trust) to the following items: “Create knowledge that is unbiased and accurate,” “create
knowledge that is useful,” “advise government officials on policy,” and “inform the public on
important issues” (McCright et al., 2013).
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Perceived environmental impacts of the beef industry. In addition to understanding the
respondents’ perceptions toward the climate, we also sought to understand the perceived climate
impact of the beef industry. Both popular press and scholars have indicated a differentiation in the
publics’ viewpoints toward agricultural climate impacts of specific sectors and production
techniques (Burnier et al., 2021; Gosnell et al., 2021; Tam & Chan, 2018). Because our study sought
to identify potential target audiences for sustainable, climate-smart beef products, we specifically
identified how consumers viewed the environmental responsibility of the beef industry. To do so,
we used Burnier et al.’s (2021) scale to assess the respondents perceived environmental impacts of
the beef industry (Cronbach a = .84). Respondents were given the following statements and asked
to rate their level of agreement with them (1 = strongly disagree, 5 = strongly agree): “l am
concerned if producers adopt practices that reduce greenhouse gas emissions,” “I am concerned if
beef comes from farms that have not undergone deforestation,” and “I am concerned if beef comes
from farms that conserve water and avoid its waste.”

Other Variables

In addition to our segmentation variables, this study sought to describe how the audience
segments varied by demographic variables, their beef consumption frequency, and preferred
sources of information. These variables can help communications and education professionals to
better educate and market climate-smart beef practices to consumers.

Beef consumption frequency. Beef consumption frequency was measured to understand
how frequently the sample consumed beef. We asked the respondents, “In a typical week, how
often do you eat beef or beef products?” with the following options: never, 1-2 days per week, 3-4
days per week, 5-6 days per week (Fischer et al., 2023).

Preferred Information Sources. Preferred information sources captured where people
seek information about animal agriculture. Respondents were asked to, “Please select your level
of agreement with the following items. When seeking out information about animal agriculture, I
seek out the following sources:” with sources listed in results section. Each source was rated from
1 = strongly disagree to 5 = strongly agree.

Data Analysis

To develop the audience segments, data were analyzed using SPSS 29 by conducting a
two-step cluster analysis. To create unique clusters, we analyzed variables based on the prior
literature (political ideology, climate change concern, trust in science, and perception of the
environmental impacts of the beef industry). These variables were initially converted into Z
scores to achieve comparable scales (Runge et al., 2018; Ward, 1963). We then conducted a
Hierarchical Cluster Analysis (HCA) using Ward’s method to provide a visual representation (a
dendrogram) of the agglomeration schedule (Ward, 1963). The agglomeration schedule figure
showed an initial break from the group around point four, indicating significant differences
between respondents sorted into four groups (Everitt et al., 2011). Then, a K-means cluster
analysis assigned each respondent to one of the four identified segments. Following, a series of
analysis of variance (ANOVAs) and descriptive crosstabs were conducted to determine how the
clusters compared based on descriptive means and frequencies of beef consumption frequency,
preferred communication sources, and demographic characteristics.

Results

ROL1: Identify audience segments based on respondents’ climate change concern, political
ideology, trust in science, and perceived environmental impacts of the beef industry.
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A K-means cluster analysis, a technique to group similar respondents together, was
performed to segment or group the sample into four unique groups (Everitt et al., 2011). The K-
means analysis provided the Z scores of the final centroids for the four specified clusters (see Table
2; Figure 1). The segments were validated using ANOVAs, which indicated each variable
contributed to the cluster formation and the segments were statistically significantly different at p
<.001 (Everitt et al., 2011; Runge et al., 2018).

Table 2

Z scores of Final Cluster Analysis Centers resulting from K-Means Analysis (N =1425)

Cluster 1 Cluster 2 Cluster 3 Cluster 4

(1=300) (n=189) (n=421) (=515 F(3,1424) p
Political 137 81 0.34 0.23 550.09 001
Ideology
CC Concern 0.78 173 0.62 0.33 995.69 <.001
Trust in Science  0.65 -1.50 0.63 0.35 576.15 <.001
Env. 0.67 313.39 <.001
Responsibility 0.46 -1.09 ' -0.42

Note. Variables are standardized using Z scores. For political ideology, a negative Z score
represents a person who identifies more liberally, and a positive Z score represents a person who
identifies more conservatively. For climate change concern, trust in science, and perceived
environmental responsibility of the beef industry, a negative Z score represents lower levels of
concern, trust, and responsibility, and a positive score represents higher levels of these areas.
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Figure 1
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We found the K-means analysis indicated four unique audience segments described below.
Cluster 1 (n=300) was composed of those who were very liberal (Z Score =-1.37), were concerned
about climate change (Z Score = 0.78), trusted science (Z Score = 0.65), and thought the beef
industry had high climate impacts (Z Score = 0.46). Cluster 2 (n = 189) represented those who were
slightly conservative (Z Score = 0.81), very unconcerned with climate change (Z Score = -1.73),
very untrusting of science (Z Score = -1.50) and believed the beef industry had low climate impacts
(Z Score = -1.09). Cluster 3 (n=421) consisted of those who were politically moderate (Z Score =
0.34), were concerned about climate change (Z Score = 0.62), trusted science (Z Score = 0.63), and
believed the beef industry had slightly high climate impacts (Z Score = 0.67). Cluster 4 (n = 515)
was composed of those who were politically moderate (Z Score =.23), moderately concerned about
climate change (Z Score = -0.33), moderately trusting of science (Z Score = -0.35), and believed
the beef industry had slightly low climate impacts (Z Score = -0.42).

RO2: Describe the identified audience segments’ demographic characteristics.
Although it is important to recognize psychographic traits related to the development of

audience segments, it is also critical to understand the segments’ demographic makeup as factors
such as gender and age can influence communication and education strategy.
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Once the audience segments were identified through the K-means cluster analysis, we
sought to understand how these segments differed based on their demographic characteristics
(Table 3).

Table 3

Cluster Membership Demographic Characteristics by Cluster Segment (N =1425)
Cluster 1 Cluster 2 Cluster 3 Cluster 4
(n=300) (n=189) (@m=421) (n=>515)
f % f % f % f %  Total

Gender
Man 118 393 93 492 197 46.8 230 447 638
Woman 179  59.7 91 481 223 53 281 546 774
Non-Binary 2 0.7 2 1.1 1 02 4 0.7 9
Prefer not to say 1 03 3 1.6 0 0 0 0 4
Age
18-24 28 9 15 8 25 6 71 14 139
25-34 49 16 17 9 93 22 104 20 263
35-44 47 16 15 8 94 22 120 23 276
45-54 38 13 20 11 40 10 65 13 163
55-64 35 12 43 23 62 15 52 10 192
65+ 103 34 78 41 107 25 103 20 391
Income
Less than $25K 71 237 41 217 101 24 133 258 346
$25,000 - $49,999 82 273 56 297 109 259 148 28.7 395
$50,000 - $74,999 53 177 39 206 73 173 86 16.8 251
$75,000 - $99,999 22 73 18 96 55 13.1 64 124 159
$100,000 - $149,999 47 157 24 12,6 56 133 46 89 173
$150,000 or more 11 3.7 6 32 25 59 15 29 57
Prefer not to say 14 4.7 5 26 2 05 23 4.5 44
Education
Some High School 7 23 5 27 12 29 19 4 43
High School Graduate 66 2240 212 102 243 159 31 367
Some College 58 193 47 249 74 176 133 26 312
2 Year Degree 37 123 26 138 71 169 75 14 209
4 Year Degree 80 267 45 238 111 264 96 19 332

Graduate/Professional 51 17 25 132 50 119 31 6 157

Degree

Race®
White 231 77 158 83.6 325 772 372 722 1163
Am, Indian/Native
American or Alaska 14 4.7 6 32 5 1.2 24 46 49
Native
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Native Hawaiian or

Other Pacific Islander I 0.3 I >1 3 I > I 10
Efl‘;i(‘:’; ﬁfncan 37 123 16 179 63 15 78 151 194
Asian 12 4 3 15 20 47 23 4 58
Hispanic 43 143 25 132 46 109 87 169 201
Other 8 27 6 32 14 3 24 5 52
Prefer not to say 3 1 2 1 3 1 7 1 15
Residence Type
Farm in Rural Area 7 23 16 85 11 2.6 19 3.7 53
];Ofg“:fgwn areaineity 3¢ 137 13 69 33 79 30 58 114

Rural area, not a farm 48 16 51 27 78 185 122 2377 299

Urban or suburban area

outside of city limits 154 513 77 407 221 525 243 47.1 695

Subdivision in a town
or city
"Race totals do not equal 100% due to the option to choose multiple.

53 177 32 169 78 185 101 19.7 264

RO3: Describe the identified audience segments’ beef consumption frequency

To inform communication, it is important to understand how often each segment consumes
beef. Below, we present the beef consumption frequency for each identified cluster group (Table
4). Most respondents in each group consumed beef 1-2 days per week. A chi-squared test did not
indicate statistically significant differences between groups, X*(9) = 15.94, p = .07. Group 2
contained the most respondents who consumed beef 5-6 days per week (n = 31; 16.4%). Group 1
contained the most respondents who never consume beef (n = 43; 14.3%)).

Table 4
Crosstabs of Beef Consumption Frequency by Cluster (N =1,425)
Cluster 1 Cluster 2 Cluster 3 Cluster 4
(n=300) (n=189) (n=421) (n=1515)
f % f % f % f %
Never 43 14.3 13 6.9 32 7.6 42 8.2
1-2 days per week 133 443 90 47.6 204 485 251  48.7
3-4 days per week 92 30.7 55 29.1 123 29.2 151 293
5-6 days per week 32 10.7 31 16.4 62 14.7 71 13.8

RO4: Describe the identified audience segments’ preferred communication sources.

To inform strategic communication to the audience segments, we also sought to understand
the respondents preferred communication sources (Table 5). Understanding who and from where
the audience seeks out information regarding agricultural products is important to delivering
information strategically about climate-smart beef and agriculture.
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Table 5

Cluster Memberships Preferred Communication Sources (N = 1,425)

Cluster 1 Cluster 2 Cluster 3 Cluster 4

m=3000 m=189) (@m=421) (n=515) F

M SO M SD M SD M SD (31424 p K
EPA 400 1.06 2.15 1.19 384 1.13 3.07 102 153.84 <001 0.25
FDA 398 1.02 244 124 391 1.05 3.5 098 12554 <001 0.21
Univ. Scientists® ~ 3.85 1.11 235 120 3.70 1.14 295 098 110.66 <.001 0.19
Gov. scientists® ~ 3.81 1.07 2.03 1.12 372 1.14 3.03 1.02 141.58 <001 0.23
Television News  3.64 1.09 230 1.11 3.55 1.18 296 1.02 81.50 <001 0.15
Gov. press and 352 1.19 204 1.14 343 120 284 1.05 8779 <001 0.16
press conferences
Websites 349 123 274 134 351 124 304 107 2772 <001 0.06
Newspapers 346 121 219 1.14 337 128 293 098 61.03 <001 0.11
Industry 325 130 2.1 1.11 3.48 120 287 097 7107 <001 0.13
scientists
Local officials 320 1.30 253 1.21 342 127 288 103 3117 <00l 0.06
Radio news 3.08 1.30 221 1.6 321 123 286 102 3398 <00l 0.07
Friends, family, 3 o7y 41 995 124 354 129 293 104 3533 <001 0.07
and neighbors
Medical doctors ~ 3.06 142 2.16 1.16 3.19 139 291 1.08 30.63 <.001 0.06
Family doctors 293 142 217 1.17 3.16 138 291 1.12 2642 <001 0.05
Blogs 2.86 146 2.13 122 3.01 142 275 111 2065 <001 0.04
Facebook 265 148 1.79 1.08 284 150 275 120 29.10 <.001 0.06
Twitter 254 149 172 1.06 271 149 249 1.15 2497 <001 0.05
Instagram 250 1.50 1.78 1.10 275 151 2.62 1.10 2473 <001 0.05
TikTok 246 149 1.72 1.07 261 150 258 120 2213 <001 0.05
Influencers 245 145 1.79 1.13 271 145 261 115 2347 <001 0.05

Note. Bold represents the highest mean for that cluster. Underlined represents the lowest.
Aggregate scores based on question stem ‘when seeking out information about animal
agriculture, I seek out the following sources’ with Likert scale options of 1 = Strongly disagree, 2
= Somewhat disagree, 3 =Neither agree nor disagree, 4 = Somewhat agree, and 5 = Strongly
agree.

PRefers to academic scientists, University Researcher, and Extension Agents (i.e., University
faculty, County Extension Agents)

‘Refers to government scientists (scientists who work for governmental agencies such as the
USDA)

dRefers to industry scientists (scientists who work for for-profit organizations such as Bayer,
Pfizer, Tyson, Cargill, etc)

Our results indicated the audience segments, or clusters, had differing opinions of preferred
information about animal agriculture and production. Cluster 1, Cluster, 3, and Cluster 4 most
preferred to receive information from governmental sources such as the EPA, FDA, and University
Scientists. However, their level of agreement toward these sources being their preferred sources of
information varied. Specifically, Cluster 1 and Cluster 3 overall agreed that they preferred
information from the EPA (Cluster 1: M = 4.00; Cluster 2: M = 3.84), FDA (Cluster 1: M = 3.98;
Cluster 2: M = 3.91), and University Scientists (Cluster 1: M = 3.85; Cluster 2: M = 3.70).
However, although these sources were the highest for Cluster 3, this group neither agreed nor
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disagreed that they would seek out information from the EPA (M = 3.07), FDA (M = 3.15), or
University Scientists (M = 2.95).

Cluster 2 was the most skeptical about receiving information about animal agriculture. This
audience segment generally neither agreed nor disagreed that they would seek out information
about animal agriculture. Specifically, they neither agreed nor disagreed that they sought out
information from websites (M =2.74, SD = 1.34) and local officials (M =2.53, SD =1.21); however,
they generally disagreed that they sought out information via social media such as Twitter or TikTok
(M=1.72, 8D = 1.06), Facebook (M = 1.79, SD = 1.08).

Conclusions, Implications, and Recommendations

The purpose of this study was to identify and describe unique target audiences for
educational and strategic communication about climate-smart beef production. Despite multiple
calls for audience segmentation beyond demographics (Hine et al., 2014; Runge et al., 2018;
Warner et al., 2016), there are limited studies within agricultural education and communication to
have conducted audience segmentation to create groups for tailored communication. This process
provides an opportunity for communicators and educators to provide human-centered analysis
approaches to group populations based on shared needs, characteristics, and opinions (Tuten, 2021),
providing a pathway for tailored communication and education techniques specific for each group
(Warner et al., 2016). Communication and education beyond the demographics are critically
important for controversial, or even polarized topics, such as agricultural science innovations and
environmental impacts, as information that challenges prior beliefs, values, or interests, has often
led to backfire or converse effects (Hine et al., 2014; National Academy of Sciences, 2016, p. 54).
Instead, we posit the identification of these subgroups, and their associated characteristics, provides
an opportunity for communicators and educators to carefully and strategically understand how to
craft their messages.

People are continuously inundated with information constantly — whether it be scrolling on
social media, choosing which TV show to watch, or walking through the grocery store. As
agricultural science communicators and educators, we must begin to fully understand how to make
information salient, so the public pays attention to this information (Fischer et al., 2018; Fischer et
al., 2020; Hine et al., 2014). Prior literature has noted varying audience groups have different needs
when determining if information is relevant. For example, with agricultural producer audiences,
information must be designed to be technical and informative; whereas, with members of the
public, information that is designed to be testimonial and narrative in nature is more salient (Fischer
et al., 2018). However, despite these calls, limited research has fully described the psychographic
belief systems pertaining to agricultural topics. The implications from audience segmentation
research provide practitioners and scholars with recommendations on how to communicate with
these specific audience groups.

Our psychographic analysis was rooted in recommendations from prior literature
pertaining to public perceptions of climate and environmentally friendly behaviors and agricultural
production practices. The variables selected for the audience segmentation focus on understanding
and examining shared perspectives of climate change (Bostrom et al., 2013; Detenber et al., 2016;
Hine et al., 2014; Maibach et al., 2009; McCright et al., 2016), political ideology (Arbuckle, 2016;
de Leon et al., 2020; Merkley & Stecula, 2021; Trudel, 2019), trust in science (Cologna & Siegrist,
2020; Happer & Wellesley, 2019), and beliefs toward the beef industry’s impact on the climate
(Burnier et al., 2021; Gosnell, 2021). By understanding how individuals group together based on
these beliefs and perspectives, we can later design communication messages that align or are
congruent to common belief structures and disseminate the messages from their most trusted
sources.
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While we did not experiment with messages and therefore cannot state what messages are
the most effective, the results of this study provide potential best practices for reaching and
connecting with tailored audience segments based on the psychographic groupings. Our
conclusions are based on our findings and the prior literature stating that identifying and describing
target audiences is the first step to developing compelling messages (Grunig, 1989; Maibach et al.,
2009; McCright et al., 2016; Warner et al., 2016). Thus, the results from our study can guide the
development and design of messages from agricultural educators, communication practitioners, and
Extension interested in fostering positive public perceptions of climate-smart beef practices and
products.

Respondents in Cluster 1 were the most politically liberal and had the highest levels of
climate change concern and trust in science. They had the second highest level of perceived
environmental responsibility of the beef industry and the highest level of those who never eat beef.
Therefore, we named this group “Beef? No, thanks.” This cluster had a favorable attitude toward
sustainable food products and preferred information from government scientists and agencies (e.g.,
EPA, FDA). Due to the low levels of beef consumption in this group, but the high levels of climate
change concern and perceived environmental responsibility of the beef industry, perhaps this group
would be compelled by learning about the ongoing sustainability efforts in the industry. This group
may purchase beef labeled as climate-smart due to their favorable attitude toward sustainable food
products but may be considered the most difficult-to-budge market due to their low meat
consumption.

Cluster 2 contained the most conservative respondents who had the lowest levels of climate
change concern, trust in science, and environmental responsibility of the beef industry. This group
consumed beef the most frequently (5-6 days a week for 16% of these respondents), so we named
them “Beef or bust.”They also had the least favorable attitude toward sustainable food products.
This group indicated they were the least likely to seek out information about sustainability
practices. Because of this group’s high level of beef consumption and low levels of trust and
environmental concern, they may not need communication intended to increase beef consumption
and should not be met with communication containing climate change less risk adverse message
effects (Chinn & Hart, 2021). Future research should investigate whether this audience group has
a favorable attitude towards climate-smart beef products if labeled this way.

Those in Cluster 3 were politically moderate, were concerned about climate change, trusted
science, and had the highest level of perceived environmental responsibility of the beef industry.
Respondents in this group were most likely to eat beef 1-2 days a week and had the highest positive
attitude toward sustainable food products of any cluster. Like cluster 1, they preferred
communication from government scientists and agencies (e.g., FDA, EPA). Due to this group’s
high level of perceived environmental responsibility of the beef industry, they should be a prime
audience for communication intended to educate about ongoing sustainable efforts, particularly
those funded by government agencies like the USDA. Based on their positive attitude toward
sustainable food and moderate beef consumption, Cluster 3 should be an audience of priority for
strategic communication. Because of this, we named this group the “Environmentally conscious
beef eaters. A prime audience.”

Cluster 4 was composed of those who were politically moderate, had moderate concern
about climate change, moderate trust in science, and moderate perceptions of environmental
responsibility of the beef industry. This group tended to eat beef 1-2 days a week and had a
relatively positive attitude toward sustainable food products. They too preferred communication
from government scientists and agencies. Because this group was rather neutral for each category,
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it represents the moveable middle of an audience, or those without rigid preconceptions. Because
of this and their moderate views, we named them “Moo-vable, moderate middle.” In line with this
thinking, this was the largest group, suggesting most respondents have moderate perceptions and a
relatively positive attitude toward sustainable food products. This group is moveable in the sense
that those without hardened viewpoints are more likely to centrally engage with a message and
perhaps change their perception. It should be encouraging that should blanket messages need to be
delivered to the general public, our findings suggest most people will be in this category. Messages
for this group should educate recipients on the positive ongoing sustainability efforts within the
industry, such as the adoption and incentivization of climate-smart beef production practices and
their impacts, as well as the relatively low emissions of American beef production compared to
other countries. Table 6 summarizes the distinct characteristics of each group and potential
pathways forward for communication.
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Summary Table of Group’s Defining Characteristics & Recommended Communication Strategies

Description

Communication Recommendations

Cluster Group Name

Number

1 Beef? No, thanks.

2 Beef or bust.

3 Environmentally
conscious beef
eaters. A prime
audience.

4 Moo-vable,

moderate middle.

This group was the most concerned about climate
change, politically liberal, urban, and had the highest
level of trust in science, with their most trusted
sources being the EPA and FDA. They also ate the
least beef of any group.

This group was the smallest, most politically
conservative and rural group. They had the lowest
levels of climate change concern and were very
distrusting of science. They ate the most beef of any
group and trusted websites and local officials for
information.

This group was concerned about climate change,
trusting of science, and had the highest level of
perceived environmental responsibility of the beef
industry. They also trusted the EPA and FDA as
sources. They tended to eat beef 1-2 days a week and
had the most positive attitude toward sustainable
food products.

This group was the largest and most moderate but
tended to eat beef 1-2 days a week. They trusted the
FDA and websites for information.

Due to this group’s low beef consumption, we
recommend this as a low-priority audience. However,
they may trust communication from government
agencies showcasing beef sustainability efforts.

Due to this group’s high level of beef consumption and
low level of climate change concern, we recommend
this as another low-priority audience.

Due to this group’s high levels of climate concern and
perceived environmental responsibility of the beef
industry, they may be a prime audience for climate-
smart beef communication and  products.
Communication should be science-focused from
trusted scientific sources and highlight the
environmental benefits of purchasing beef produced
this way.

Due to this group’s large size, moderate perceptions,
and tendency to eat beef, we recommend “catching
them early” with climate-smart beef communication
showcasing the positive impacts of climate-smart
production. They trusted a variety of sources and may
be effectively targeted through online messaging or
government correspondence.
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Recommendations for Future Research

This study serves as an exploratory, descriptive effort to identify and describe unique target
audiences for climate-smart beef production education and communication. The natural next steps for this
line of inquiry would be to experiment with messages tailored to each group to understand the effect of
message characteristics on likelihood or intent to purchase climate-smart beef products. Due to the novelty
of the market and research in this area, it will remain to be determined if consumers will have more positive
trust toward climate-smart beef production practices or if they will pay more for beef produced this way,
which has shown to come with an increased production cost (de Souza et al., 2017). However, this study
provides foundational work to inspire agricultural industry organizations to communicate with members of
the public more strategically about climate-smart production practices. Therefore, we recommend further
research examine effects of communication and educational materials framed toward these audience
segmentation groups.

Audience segmentation is a technique thoroughly explored in traditional marketing and advertising
realms; however, studies in agricultural education and communications have traditionally only segmented
groups based on demographic characteristics such as age, generations, and income levels. However, the
scientific community has long called for audience segmentation toward scientific topics (National Academy
of Sciences, 2016), and scholars have conducted this technique in climate change (Hine et al., 2014) and
toward trust in science as a whole (Runge et al., 2018). However, this is the first study of our knowledge
that has applied this technique of human-centered cluster analysis to an agricultural science topic. We
recommend further segmentation of a variety of agricultural topics to continue to understand perspectives.

In addition to the aforementioned proposed research ideas, we also propose modifications to the
current scales and questions. For example, one limitation of the study was the methods to which the
frequency of beef consumption was asked. In the current study, we did not ask questions regarding how
many times per month beef was consumed. However, for future research, we recommend a more nuanced
approach to asking this question with scale items for options with 1 time in the past month, 2-3 times in the
past month, 1 time per week, 2 times per week, 3-4 times per week, 5-6 times per week, 1 time per day, and
2 or more times per day. Additionally, although multiple trusted information sources were used, it would
be appropriate to evaluate the level of trust for commodity organizations such as National Cattlemen’s Beef
Association, Certified Angus Beef, and the United States Department of Agriculture.

Journal of Agricultural Education 184 Volume 65, Issue 2, 2024



Orton, Fischer & Kitten Audience Segmentation for Climate-Smart

References

Abrams, K. M., & Soukup, C. (2017). Matching local food messages to consumer motivators: An
experiment comparing the effects of differently framed messages. Journal of Applied
Communications, 101(4), 1-19. https://doi.org/10.4148/1051-0834.1297

American Society of Animal Science. (2015). Grand challenges. https://www.asas.org/docs/default-
source/public-policy/gc_pages web2015.pdf?sfvrsn=2

Arbuckle, M. B. (2016). The interaction of religion, political ideology, and concern about climate change
in the United States. Society & Natural Resources, 30(2), 177-194.
https://doi.org/10.1080/08941920.2016.1209267

Baker, R. J., Brick, M., Bates, N. A., Battaglia, M., Couper, M. P., Dever, J. A., & Gile, K. J. (2013).
Summary report of the AAPOR task force on non-probability sampling. Journal of Survey
Stastistics and Methodology, 1(2), 90-143. https://doi.org/10.1093/jssam/smt008

Bonoma, T. V., & Shapiro, B. P. (1984). Evaluating market segmentation approaches. Industrial
Marketing Management, 13(4), 257-268. https://doi.org/10.1016/0019-8501(84)90021-X

Bostrom, A., B6hm, G., & O'Connor, R. E. (2013). Targeting and tailoring climate change
communications. Wiley Interdisciplinary Reviews: Climate Change, 4(5), 447-455.
https://doi.org/10.1002/wcc.234

Bouman, T., Verschoor, M., Albers, C. J., Bohm, G., Fisher, S. D., Poortinga, W., & Steg, L. (2020). When
worry about climate change leads to climate action: How values, worry and personal
responsibility relate to various climate actions. Global Environmental Change, 62.
https://doi.org/10.1016/j.gloenvcha.2020.102061

Burnier, P.C., Guerra, D.S., &Spers, E.E. (2021). Measuring consumer perceptions over beef good
practices and sustainable production process, British Food Journal, 123(4), 1362-1383.
https://doi.org/10.1108/BFJ-12-2019-0904

Chinn, S., & Hart, P. S. (2021). Climate change consensus messages cause reactance. Environmental
Communication, 17(1), 60-66. https://doi.org/10.1080/17524032.2022.2101501

Cologna, V., & Siegrist, M. (2020). The role of trust for climate change mitigation and adaptation
behaviour: A meta-analysis. Journal of Environmental Psychology, 69, 101428.
https://doi.org/10.1016/j.jenvp.2020.101428

Cusworth, G., Lorimer, J., Brice, J., & Garnett, T. (2022). Green rebranding: Regenerative agriculture,
future-pasts, and the naturalisation of livestock. Transactions of the Institute of British
Geographers, 47(4), 1009-1027. https://doi.org/10.1111/tran.12555

de Leon, R. P, Wingrove, S., & Kay, A. C. (2020). Scientific skepticism and inequality: Political and
ideological roots. Journal of Experimental Social Psychology, 91, 104045. https://doi-org.lib-
e2.lib.ttu.edu/10.1016/j.jesp.2020.104045

de Souza, M., Petre, R., Jackson, F., Hadarits, M., Pogue, S., Carlyle, C., Bork, E., & McAllister, T.
(2017). A review of sustainability enhancements in the beef value chain: State-of-the-art and

Journal of Agricultural Education 185 Volume 65, Issue 3, 2024


https://doi.org/10.1016/0019-8501(84)90021-X

Orton, Fischer & Kitten Audience Segmentation for Climate-Smart

recommendations for future improvements. Animals, 7(12), 26
https://doi.org/10.3390/ani7030026.

Detenber, B., Rosenthal, S., Liao, Y., & Ho, S. S. (2016). Climate and sustainability| audience
segmentation for campaign design: Addressing climate change in Singapore. International
Journal of Communication, 10(23). 4736—4758. https://ijoc.org/index.php/ijoc/article/view/4696

Dillman, D. A., Smyth, J. D., & Christian, L. M. (2014). Internet, phone, mail, and mixed-mode surveys:
The tailored design method. John Wiley & Sons.

Dietz, T., Dan, A., & Shwom, R. (2007). Support for climate change policy: Social psychological and
social structural influences. Rural sociology, 72(2), 185-
214. https://onlinelibrary.wiley.com/doi/pdf/10.1526/003601107781170026

Donsbach, W., & Traugott, M. W. (Eds.). (2007). The SAGE handbook of public opinion research. Sage.

Essary, C., Fischer, L. M., & Irlbeck, E. (2021). A statistical approach to classification: A guide to
hierarchical cluster analysis in agricultural communications research, Journal of Applied
Communications, 87(3). https://doi.org/10.4148/1051-0834.2431

Estes, S., Edgar, L. D., & Johnson, D. M. (2015). Consumer perceptions of poultry production: A focus on
Arkansas, Journal of Applied Communications, 99(4), 1-14. https://doi.org/10.4148/1051-
0834.1057

Everitt, B. S., Landau, S., Leese, M., & Stahl, D. (2011). Cluster Analysis. John Wiley & Sons.

Fischer, L. M., Schroeder, E., Gibson, C., McCord, A., & Orton, G. (2023). An experimental study
investigating the effects of data visualizations used in infographics on participant recall and
information recognition. Journal of Applied Communications, 107(3), 1-23.
https://doi.org/10.4148/1051-0834.2489

Fischer, L. M, Cummins, R. G., Gilliam, K. C., Baker, M., Burris, S., & Irlbeck, E. (2018). Examining the
critical moments in information processing of water conservation videos within young farmers
and ranchers: A psychophysiological analysis. Journal of Agricultural Education, 59(2), 1-15.
https://doi.org/10.5032/jae.2018.02001

Fischer, L., Meyers, C., Cummins, R. G., Gibson, C., & Baker, M. (2020). Creating relevancy in
scientific information: An analysis of the impact of motivational salience and involvement on
visual attention. Journal of Applied Communications, 104(2), 1-23. https://doi.org/10.4148/1051-
0834.2287

Frey, S., Bar Am, J., Doshi, V., Malik, A., & Noble, S. (2023). Consumers care about sustainability-and
back it up with their wallets. Nielsen IQ.
https://nielseniq.com/global/en/insights/report/2023/consumers-care-about-sustainability-and-
back-it-up-with-their-wallets/

Gosnell, H., Emard, K., & Hyde, E. (2021). Taking stock of social sustainability and the US beef
industry. Sustainability, 13(21), 11860. https://doi.org/10.3390/su132111860

Gromet, D. M., Kunreuther, H., & Larrick, R. P. (2013). Political ideology affects energy-efficiency
attitudes and choices. PNAS, 110(23), 9314-9319. https://doi.org/10.1073/pnas.1218453110

Journal of Agricultural Education 186 Volume 65, Issue 3, 2024



Orton, Fischer & Kitten Audience Segmentation for Climate-Smart

Grunig, J. (1989). Publics, audiences, and market segments: Segmentation principles for
campaigns. In C. Salmon (Ed.), Information campaigns: Balancing social values and social
change, (p. 199-228). Newbury Park, CA: Sage.

Happer, C., Wellesley, L. (2019). Meat consumption, behaviour and the media environment: A focus
group analysis across four countries. Food Security, 11, 123-139. https://doi.org/10.1007/s12571-
018-0877-1

Hine, D. W., Reser, J. P., Morrison, M., Phillips, W. J., Nunn, P., & Cooksey, R. (2014). Audience
segmentation and climate change communication: Conceptual and methodological
considerations. Wiley Interdisciplinary Reviews: Climate Change, 5(4), 441-459.
https://doi.org/10.1002/wcc.279

Huang, P, Lamm, A. J., & Dukes, M. D. (2016). Informing extension program development through
audience segmentation: Targeting high water users. Journal of Agricultural Education, 57(2), 60-
74. https://doi.org/10.5032/jae.2016.02060

KTVZ News Staff. (2022, November 13). 100+ Western ranchers launch major effort to raise climate-
smart beef. East Idaho News. https://www.eastidahonews.com/2022/11/100-western-ranchers-
launch-major-effort-to-raise-climate-smart-beef/

Lamm, A. J., & Lamm, K. W. (2019). Using non-probability sampling methods in agricultural and
extension education research. Journal of International Agricultural and Extension
Education, 26(1), 52-59. https://doi.org/10.5191/iaee.2019.26105

Lehdonvirta, V., Oksanen, A., Risénen, P., & Blank, G. (2021), Social media, web, and panel surveys:
Using non-probability samples in social and policy research. Policy & Internet, 13(1), 134-
155. https://doi.org/10.1002/p0i3.238

Maibach, E., Roser-Renouf, C., & Leiserowitz, A. (2009). Global warming's six Americas 2009: An
audience segmentation analysis. Yale Project on Climate Change & George Mason University
Center for Climate Change Communication. https://cdn.americanprogress.org/wp-
content/uploads/issues/2009/05/pdf/6americas.pdf

McCright, A. M. (2009). The social bases of climate change knowledge, concern, and policy support in
the U.S. general public. Hofstra Law Review, 37(4), 1017-1048.
https://scholarlycommons.law.hofstra.edu/hlr/vol37/iss4/7

McCright, A. M., Marquart-Pyatt, S. T., Shwom, R. L., Brechin, S. R., & Allen, S. (2016). Ideology,
capitalism, and climate: Explaining public views about climate change in the United
States. Energy Research & Social Science, 21, 180-189.
https://doi.org/10.1016/j.erss.2016.08.003

McCright, A. M., Dentzman, K., Charters, M., & Dietz, T. (2013). The influence of political ideology on
trust in science. Environmental Research Letters, 8§(044029), 1-9. http://dx.doi.org/10.1088/1748-
9326/8/4/044029

Merkley, E., & Stecula, D. A. (2021). Party cues in the news: Democratic elites, Republican backlash, and

the dynamics of climate skepticism. British Journal of Political Science, 51(4), 1439-1456.
https://doi.org/10.1017/S0007123420000113

Journal of Agricultural Education 187 Volume 65, Issue 3, 2024



Orton, Fischer & Kitten Audience Segmentation for Climate-Smart

Midan Marketing (2023). Meat consumer segmentation 3.0: Insights report.
https://midanmarketing.com/reports/meat-consumer-segmentation-3/

National Academies of Sciences, Engineering, and Medicine. (2017). Communicating science effectively:
A research agenda. https://doi.org/10.17226/23674

Nemes, G., Chiffoleau, Y., Zollet, S., Collison, M., Benedek, Z., Colantuono, F., Dulsrud, A., Fiore, M.,
Holtkamp, C., Kim, T.Y., Korzun, M., Mesa-Manzano, R., Reckinger, R., Ruiz-Martinez, 1.,
Smith, K., Tamura, N., Viteri, M. L., & Orban, E. (2021). The impact of COVID-19 on alternative
and local food systems and the potential for the sustainability transition: Insights from 13
countries. Sustainable Production and Consumption, 28(2021), 591-599.
https://doi.org/10.1016/j.spc.2021.06.022

Nukala, R., Panduru, K., Shields, A., Riordan, D., Doody, P., & Walsh, J. (2016, June 21-22). Internet of
things: A review from ‘Farm to Fork’ [Paper presentation]. 2016 27th Irish Signals and Systems
Conference (ISSC), Londonderry, United Kingdom. https://doi.org/10.1109/ISSC.2016.7528456

Oesterreicher, S., Lundy, L. K., Rumble, J. N., & Telg, R. W. (2018). Collegiate millennials' perceptions
of locally produced beef. Journal of Applied Communications, 102(4), Article 7.
https://doi.org/10.4148/1051-0834.2226

Oreskes, N. (2022). Eating less red meat is something individuals can do to help the climate crisis.
Scientific American. https://www.scientificamerican.com/article/eating-less-red-meat-is-
something-individuals-can-do-to-help-the-climate-crisis/

Powers, R., Li, N., Gibson, C., & Irlbeck, E. (2020). Consumers' evaluation of animal welfare labels on
poultry products. Journal of Applied Communications, 104(1), Article 1.
https://doi.org/10.4148/1051-0834.2310

Qualtrics (n.d.). Everything you need to know when working with your IRB.
https://www.uakron.edu/bcas/research/IRB-Help.pdf

Runge, K. K., Brossard, D., & Xenos, M. A. (2018). Protective progressives to distrustful traditionalists:
A post hoc segmentation method for science communication. Environmental Communication,
12(8), 1023-1045. https://doi.org/10.1080/17524032.2018.1513854

Ruth, T. K., & Rumble, J. N. (2016). Branding the berries: Consumers' strawberry purchasing intent and
their attitude toward Florida strawberries. Journal of Applied Communications, 100(2), 28-43.
https://doi.org/10.4148/1051-0834.1028

Sanchez-Sabate, R., & Sabaté, J. (2019). Consumer attitudes towards environmental concerns of meat
consumption: A systematic review. International Journal of Environmental Research and Public

Health, 16(7), Article 1220. https://doi.org/10.3390/ijerph16071220

Schiermeier, Q. (2019). Eat less meat: UN climate-change report calls for change to human diet. Nature.
https://www.nature.com/articles/d41586-019-02409-7

Slater, M. D. (1996). Theory and method in health audience segmentation. Journal of Health
Communication, 1(3), 267-283. https://doi.org/10.1080/108107396128059

Journal of Agricultural Education 188 Volume 65, Issue 3, 2024



Orton, Fischer & Kitten Audience Segmentation for Climate-Smart

Tam, K. P., & Chan, H. W. (2018). Generalized trust narrows the gap between environmental concern and
pro-environmental behavior: Multilevel evidence. Global Environmental Change, 48, 182-194.
https://doi.org/10.1016/j.gloenvcha.2017.12.001

Taniguchi, H., & Marshall, G. A. (2018). Trust, political orientation, and environmental behavior.
Environmental Politics, 27(3), 385-410. https://doi.org/10.1080/09644016.2018.1425275

Tarpley, T. G., Fischer, L. M., & Steede, G. M. (2020). How much transparency is too much? A moment-
to-moment analysis of viewer comfort in response to animal slaughter videos. Journal of Applied
Communications, 104(2), Article 6. https://doi.org/10.4148/1051-0834.2302

Telg, R. W., Lundy, L. Wandersee, C., Mukhtar, S., Smith, D., & Stoked, P. (2018). Perceptions of trust:
Communicating climate change to cattle producers. Journal of Applied Communications, 102(3),
Article 5. https://doi.org/10.4148/1051-0834.2207

Tuten, T. L. (2021). Social media marketing (4th ed.). Sage Publications Ltd.

Trudel, R. (2019). Sustainable consumption behavior. Consumer psychogology review, 2(1), 85-96.
https://doi.org/10.1002/arcp.1045

Tyson, A. (2021). On climate change, Republicans are open to some policy approaches, even as they
assign the issue low priority. Pew Research Center. https://www.pewresearch.org/fact-
tank/2021/07/23/on-climate-change-republicans-are-open-to-some-policy-approaches-even-as-
they-assign-the-issue-low-priority/

Tyson Foods. (2024). Our path to climate-smart beef. https://www.tysonfoods.com/climate-smart-beef-
program

Environmental Protection Agency (EPA). (2023). Sources of greenhouse gas emissions.
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions

US Roundtable for Sustainable Beef. (2024). USRSB high-priority indicator goals & sector targets.
https://www.usrsb.org/goals

US Census Bureau (2022a). Quick facts: United States.
https://www.census.gov/quickfacts/fact/table/US/PST045222#PST045222

US Census Bureau (2022b). Age and sex. https://www2.census.gov/programs-
surveys/popest/datasets/2020-2022/national/asrh/nc-est2022-agesex-res.csv

US Census Bureau (2022c). Estimates of the total resident population and resident population age 18
years and older for the United States, Regions, State, District of Columbia, and Puerto Rico: July
1, 2022. https://www?2.census.gov/programs-surveys/popest/datasets/2020-2022/national/asrh/nc-
est2022-agesex-res.csv

USDA. (2022a). Per capita red meat and poultry consumption expected to decrease modestly in 2022.
https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-
detail/?chartld=103767#:~:text=The%?20latest%20USDA%20forecast%20indicates,than%20the
%202012%E2%80%9321%?20average

Journal of Agricultural Education 189 Volume 65, Issue 3, 2024



Orton, Fischer & Kitten Audience Segmentation for Climate-Smart

USDA. (2022b). Partnerships for climate-smart commodities. https://www.usda.gov/climate-
solutions/climate-smart-commodities

USDA. (2022c¢). Climate change. https://www.ers.usda.gov/topics/natural-resources-environment/climate-
change/

Vytelle. (2022). Wtelle secures USDA climate-smart grant as part of an industry consortium to advance
sustainable beef production. https://www.globenewswire.com/en/news-
release/2022/10/06/2529551/0/en/Vytelle-secures-USDA-Climate-Smart-Grant-as-Part-of-an-
Industry-Consortium-to-Advance-Sustainable-Beef-Production.html

Ward, J. H., Jr. (1963). Hierarchical grouping to optimize an objective function. Journal of the American
Statistical Association, 58(301), 236-244. https://doi.org/10.2307/2282967

Warner, L. A., Kumar Chaudhary, A., Rumble, J. N., Lamm, A. J., & Momol, E. (2017). Using audience
segmentation to tailer residential irrigation water conservation programs. Journal of Agricultural
Education, 58(1), 313-333. https://doi.org/10.5032/jae.2017.01313

Warner, L. A., Stubbs, E., Murphrey, T. P., & Huynh, P. (2016). Identification of the Competencies
Needed to Apply Social Marketing to Extension Programming: Results of a Delphi
Study. Journal of Agricultural Education, 57(2), 14-32. http://www.jae-
online.org/attachments/article/1967/2016-2-02-Warner.pdf

Warner, L. A., Rumble, J., Martin, E., Lamm, A. J., & Cantrell, R. (2015). The effect of strategic message
selection on residents' intent to conserve water in the landscape. Journal of Agricultural

Education. 56(4). 59-74. https://doi.org/10.5032/jae.2015.04059

Wimmer, R. D., & Dominick, J. R. (2014). Mass media research: An introduction (10th ed.). Belmont,
CA: Thomson Wadsworth.

Journal of Agricultural Education 190 Volume 65, Issue 3, 2024



