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RESEARCH ARTICLE

Enhancing Aquatic Invasive Species Outreach Through Values-
framed Messages
Elizabeth J. Golebie and Carena J. van Riper

Department of Natural Resources and Environmental Sciences, University of Illinois Urbana-Champaign, Urbana, IL,
USA

ABSTRACT
Aquatic invasive species (AIS) pose negative threats to ecosystems and
society on a global scale. The unintentional transport of AIS by
recreationists who move between waterbodies has prompted outreach
campaigns that encourage changes in human behavior. These
campaigns have been widely disseminated, however the risks of AIS
transport remain high. Thus, evaluations of how these campaigns are
being processed by stakeholders are urgently needed. In this study, we
tested the persuasive capacity of values-framed messages among
recreational water users throughout the U.S. state of Illinois. Results
indicated that messages framed to reflect biospheric and altruistic
values were most likely to resonate with recreationists. Specifically,
participants with strong biospheric values tended to review the
message closely when it was aligned with their values, resulting in
stronger beliefs about their ability to take action. Implementing values-
framing in AIS outreach may ultimately increase support for AIS
prevention and lower the risk of spread.
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Introduction

Aquatic invasive species (AIS) are organisms that have established populations outside of their
native range and caused negative impacts (Blackburn et al., 2011) such as altered habitat and inter-
ference with human activity (Gallardo et al., 2016). Removal of AIS is nearly impossible, underscor-
ing the critical role of prevention in management of biological invasions (Vander Zanden & Olden,
2008). Recreational water users are at risk of spreading AIS by accidentally carrying these organisms
via boats and equipment and depositing them in new locations (Rothlisberger et al., 2010). Thus,
informing aquatic recreationists of ways they can prevent AIS transport has become a priority
for environmental education and outreach (Pradhananga et al., 2015; Seekamp, Mayer, et al., 2016).

Numerous informational campaigns have been developed to raise awareness of the risks posed
by AIS (Cole et al., 2016; Kemp et al., 2017; Seekamp, McCreary, et al., 2016). Knowledge of how
recreational water users are processing these campaigns is needed to inform strategies for improve-
ment (Cole et al., 2019). Values-framing has been proposed as one of these strategies, given that it
could leverage an individual’s core principles to convey the relevance of a message (van Riper et al.,
2018; Marquina et al., 2022). This research approach can be theoretically guided by the Value-
Belief-Norm Theory of Environmentalism, which holds that values are long-term drivers of
environmental beliefs and behaviors (Stern et al., 1999). Responses to values-framed messages
can be understood through Protection Motivation Theory, which holds that risk perceptions and
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efficacy are necessary factors for risk communication campaigns to have a desired impact (Rogers,
1975). Additionally, research on message processing, including elaboration (Petty & Cacioppo,
1986), reactance (Brehm & Brehm, 1981), and message effectiveness (Dillard & Ye, 2008), has pro-
vided insight on the mechanisms that influence responsiveness in environmental communication.
The combination of these conceptual frameworks shows promise to better understand and enhance
communication about how best to minimize the spread of AIS.

Literature review

Protection motivation theory

Communication theories, such as Protection Motivation Theory, have been used to understand
message responses. Originally developed to explain responses to fear-based messages (Rogers,
1975), Protection Motivation Theory addresses the role of risk perceptions, self-efficacy, and
response-efficacy in risk communication (Milne et al., 2000). Risk perceptions are beliefs about
the severity of threats, self-efficacy is defined as beliefs about one’s ability to effectively complete
an activity, and response-efficacy is defined as beliefs that the activity itself will have a positive
impact (Kothe et al., 2019). Previous research guided by Protection Motivation Theory has demon-
strated that both efficacy and risk perceptions must be activated for people to engage in protective
action in response to a threat (Floyd et al., 2000). When risk perceptions are low, people do not view
the threat as important, and are thus not motivated to act (Mongeau, 2012). When efficacy is lack-
ing, people feel unable to engage in the behaviors recommended by a message and instead reject the
message outright – a response known as reactance (Maddux & Rogers, 1983). Thus, for a message to
effectively communicate about risk mitigation, it should raise both risk perceptions and efficacy.

Message framing

Risk communication can be enhanced by drawing on message framing research. Message framing,
defined as “the process by which people develop a particular conceptualization of an issue” (Chong
& Druckman, 2007, p. 104), encompasses a broad area of study related to the way information is
communicated and understood (Lakoff, 2010). Normative framing, which highlights how desired
behaviors are performed by one’s peers, has been effective for communicating about multiple
environmental topics (Cialdini, 2003; Lede & Meleady, 2019). However, there are mixed results
on the persuasiveness of normative framing for AIS (Niemiec et al., 2021; Wallen & Kyle, 2018).
Likewise, the framing strategy of metaphors (e.g. comparing AIS management to a battle or war)
has faced mixed success for AIS communication (Shaw et al., 2021). Although metaphorical frames
have bolstered support for AIS policy (Kohl et al., 2020), they have been criticized as biased and
xenophobic (Mando & Stack, 2019; Verbrugge et al., 2016). To move past these limitations, other
framing techniques, such as values-based framing, should be considered (van Riper et al., 2018).

Value concepts

Values, defined as broad goals that serve as guiding principles in life (Rokeach, 1973), have been
conceptualized through numerous theoretical frameworks, including Value-Belief-Norm Theory
of Environmentalism (Stern et al., 1999), The Theory of Basic Human Values (Schwartz, 1992),
and Social Values (Kenter et al., 2019). For example, Schwartz (1992) posited that self-transcen-
dence pertained to concern for entities outside the self, including altruistic (i.e. equality, justice,
and peace) and biospheric values (i.e. environmental protection that aids in finding unity with
nature), whereas self-enhancement values are focused on pursuing benefits to the self, including
egoism (i.e. power and influence). People are guided by multiple values, but the relative importance
of each value varies across cultures and individuals (Schwartz, 2012).
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Values motivate environmental actions when the behavior is relevant to the underlying value
(Sagiv & Schwartz, 2022). The Value-Belief-Norm Theory of Environmentalism (Stern et al.,
1999) holds that three key values inform environmental beliefs: biospheric, altruistic, and egoistic
values. A large body of research has supported this tripartite conceptualization and provided evi-
dence for their relevance in influencing environmental beliefs and behavior (Stern et al., 1999;
van Riper & Kyle, 2014; Steg et al., 2005; de Groot & Steg, 2008). These three values are distinct,
as evidenced by the different relationships each has with environmental beliefs and behaviors. Bio-
spheric and altruistic values lead individuals to support practices such as cleaning boats to prevent
the spread of AIS (Golebie et al., 2021). Some researchers (e.g. Pradhananga et al., 2015; van Riper &
Kyle, 2014) have suggested that altruistic and biospheric values should be collapsed into one dimen-
sion, whereas other researchers have distinguished between the two. Egoistic values are a distinct
third value, given that they are negatively correlated with environmental beliefs (de Groot &
Steg, 2008; Stern et al., 1998). Despite robust evidence that values are direct predictors of beliefs
(Schultz et al., 2005), and the recognition of the need for values-framed messages (Lakoff, 2010),
few past studies have empirically tested values-framing as a strategy for environmental campaigns.

The limited body of research on values-framing for environmental issues has provided mixed
evidence for the ways that values affect message processing. For instance, Nilsson et al. (2014) indi-
cated that people with strong self-transcendence values experienced positive emotions when think-
ing about purchasing green energy and negative emotions when thinking about rejecting green
energy. The reverse relationship was observed for people with self-enhancement values. Other
studies indicated that value alignment affected ability to discern argument strength (von Borgstede
et al., 2014) and attitudes (Arp, 2018). In response to the aforementioned bodies of research
informed by message framing and values, we hypothesized that values would predict elaboration
when aligned with a message frame (H1-H3). Specifically, for a frame that reflected self-transcen-
dence, we believed biospheric and altruistic values would positively predict elaboration whereas
egoistic values would positively predict elaboration for a self-enhancement message frame.

Research on the outcomes of values-framing has provided mixed evidence. In contrast to work
indicating that values framing influences message responses, Dean et al. (2019) showed that political
orientation played a larger role than values. Additionally, several studies have argued that bio-
spheric framing is perceived as more logical for environmental topics than other value frames,
regardless of value-alignment. Specifically, one study indicated that biospheric framing improved
message evaluations among individuals with strong biospheric values, whereas hedonic framing
did not impact individuals with strong hedonic values (Judge et al., 2021). Biospheric messages
in another study were also perceived as more effective than altruistic and egoistic messages for shar-
ing information about environmental topics (Hansla, 2011). Given the limited and mixed research
on value-alignment, more work is needed regarding its role on beliefs like risk perceptions and
efficacy, and the resulting relevance for AIS-related environmental outreach programs.

Message evaluations

Messages can be evaluated by assessments of elaboration, reactance, and perceived message effec-
tiveness. The elaboration likelihood model positions message processing along a continuum that
ranges from low to high elaboration (Petty & Cacioppo, 1986). When engaging in high elaboration,
people think systematically about information relevant to the message, in contrast to low elabor-
ation whereby people use mental shortcuts and heuristics to form opinions. High elaboration is
sought after in communication campaigns because it tends to create stronger attitudes and
longer-lasting effects (O’Keefe, 2013). In the context of fisheries management, anglers who have
carefully read and reflected on AIS brochures would be expected to form longer-term beliefs that
AIS are a problem, as compared to anglers who skim content or only look at images. Assuming
a trustworthy message is employed, it is likely that high elaboration would induce increases in
beliefs about the risks of AIS and one’s ability to take action (Petty et al., 2009). Examining the
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explanatory relationships among elaboration, risk, and efficacy will provide insights into the utility
of values-framed messaging campaigns. Thus, we hypothesize that elaboration will positively pre-
dict risk perceptions and efficacy (H4-H8).

Elaboration depends on issue-involvement, defined as personal relevance of an issue to one’s life
(Petty & Cacioppo, 1979). When someone has high issue-involvement, they recognize the relevance
of the message and are thus motivated to read it closely and think deeply about its contents. There is
also evidence that messages tailored to individual characteristics increase elaboration (Kroeze et al.,
2006). Thus, values may have a similar effect; relevance to one’s guiding principles in life may
increase perceived issue-involvement, as well as directly increase motivation to engage with a mess-
age more closely (von Borgstede et al., 2014; Arp, 2018). We therefore hypothesized that involve-
ment would positively predict elaboration (H9) and that values would predict issue-involvement
(H10-H12).

In contrast to elaboration, reactance is typically an undesirable message response. We define
reactance as “the motivational state that is hypothesized to occur when a freedom is eliminated
or threatened with elimination” (Brehm & Brehm, 1981, p. 37). If a message is too forceful, read-
ers may perceive it to be a threat to their own choices and resist the message (Quick et al., 2013).
For instance, if a boater believes an AIS awareness sign is aggressive and intrudes on their post-
boating routine, they may respond by refusing to follow the boat cleaning guidelines on the sign
in order to assert their own autonomy. Likewise, people tend to reject a message when they lack
the ability to respond (Maddux & Rogers, 1983). Therefore, reactance can be averted by imbuing
messages with statements that activate self-efficacy and empower individuals to take responsibil-
ity for their actions (Chang, 2021). Additionally, given that people are more likely to experience
reactance in response to an identity threat (Hansen et al., 2010), it is important to consider
whether reactance is elicited among people who read a message imbued with values that do
not align with their own.

Perceived message effectiveness has also received attention in previous research, given its
capacity to predict attitudinal or behavioral outcomes promoted by the message (Dillard et al.,
2007). We define message effectiveness as “an estimate of the degree to which a persuasive message
will be favorably evaluated by recipients of that message” (Dillard & Ye, 2008, p. 150). Message
effectiveness is influenced by several factors, including message features (Andsager et al., 2006)
and characteristics of the recipient (Bigsby et al., 2013). Given that alignment between a recipients’
value system and the values reflected in a message may also increase perceived message effectiveness
(Noar et al., 2010), this area of research shows promise to help understand responses to values-
framed messages.

Study purpose

Given that values are fundamental drivers of behavior (van Riper et al., 2018), including AIS-
prevention (Golebie et al., 2021; Shin et al., 2022), framing outreach messages in line with values
may encourage more recreationists to take action. However, the effects of alignment between the
values portrayed within a message and the values of the message recipient have yet to be empiri-
cally tested. Therefore, this study assessed the effectiveness of AIS outreach messaging framed
according to self-transcendent (i.e. biospheric and altruistic) and self-enhancement (i.e. egoistic)
values. The following three research questions were addressed: (1) What responses do values-
framed messages evoke among recreational water users? (2) How are relationships among values,
involvement, elaboration, and beliefs influenced by messages framed in line with different
values? (3) How does reading a message aligned with one’s values affect their processing of
that message? In response to these questions, we tested 12 hypotheses using a latent variable
path model (Figure 1).
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Methods

Study context

This research was conducted across the U.S. state of Illinois (IL) where AIS are of great concern due
to the interconnectedness of waterbodies (Cole et al., 2019). We evaluated the Be a Hero campaign
developed by the IL Department of Natural Resources; its tagline “Be a Hero, Transport Zero”
encourages recreational water users to minimize risks of transporting AIS (See for details:
https://www.transportzero.org/). In 2013, approximately 25% of IL boaters recognized the Be a
Hero campaign (Cole et al., 2016).

Sampling methods

This message experiment was implemented through a survey administered from May-June 2021.
Our protocol (#20679) was approved by University of Illinois at Urbana Champaign Office for
the Protection of Research Subjects (OPRS). Participants provided informed consent appropriate
for an online survey and had the ability to withdraw at any time. Participants were recruited
from a Qualtrics panel of IL residents and deemed eligible if they were at least 18 years old and
had gone fishing or participated in a recreational water activity (e.g. sailing, kayaking, canoeing,
boating, jetskiing) on at least one occasion since 2018. All participants were compensated by Qual-
trics for their participation. Responses were recorded only when the entire survey was completed
and when two “attention check” questions were answered correctly (Kung et al., 2018). Invalid
responses were discarded when patterns indicated extreme inattention or possible use of bots,
defined as selecting the first response option for every question (i.e. “straightlining”), or completing
the survey in less than five minutes. The final sample size was 507.

Participants were majority female (59.1%), White (86%), and held a bachelor’s degree or higher
(53%), with an average age of 45.36 (SD = 17.72). Participants had spent an average of 9.71 (SD =
15.96) days boating and 11.60 (SD = 19.97) days fishing over the past year. They also had 14.97 (SD

Figure 1. Hypothesized model of relationships among values, involvement, elaboration, and beliefs relevant to aquatic invasive
species. Twelve hypothesized paths were tested between values and elaboration (H1-H3), elaboration and beliefs (H4-H8), invol-
vement and elaboration (H9), and values and involvement (H10-H12). Plus signs (+) indicate positive hypothesized relationships.
Dotted lines indicate hypothesized relationships dependent on message treatment. Values were hypothesized to positively cor-
relate with elaboration if there was message alignment (i.e. biospheric and altruistic values were hypothesized to positively cor-
relate with elaboration when presented with the self-transcendent message; egoistic values were hypothesized to positively
correlate with elaboration when presented with the self-enhancement message).
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= 14.77) years of boating experience and 21.46 (SD = 19.09) years of fishing experience. Reported
experience and avidity levels were lower than studies of licensed anglers (e.g. van Riper et al.,
2020; days fished: t(765) = 7.58, p < .001; years fished: t(765) = 12.87, p < .001), indicating messages
were tested among people who were less likely to have been heavily exposed to AIS messaging (See-
kamp, McCreary, et al., 2016). We did not control for demographics or recreational experience in
our analysis.

Survey measures

Survey measures were drawn from past work and evaluated through confirmatory factor analysis.
Reliability was tested using Cronbach’s alpha (α) and McDonald’s omega (Ω) and considered
acceptable when coefficients were greater than 0.60 (Cortina, 1993; Bagozzi & Yi, 1988). Convergent
validity was considered acceptable with average variance extracted (AVE) values that exceeded .50
(Hair et al., 2011).

Three scales were used to measure how participants evaluated messages. We used a six-item
message effectiveness scale developed in past work (Davis et al., 2013), and found it to be reliable
and valid (α = .908; Ω = .910; AVE = .629). We used a seven-item reactance scale drawn from past
work (Nisbet et al., 2015) and dropped all reverse coded items due to low reliability, resulting in a
three-item scale (α = .697; Ω = .700; AVE = .442). To measure elaboration, we selected six items
from an established scale (Reynolds, 1997); three items were dropped given standardized factor
loading scores below 0.40 (Hair et al., 2011), which resulted in a three-item scale (α = .714; Ω
= .727; AVE = .479).

In line with Protection Motivation Theory (Rogers, 1975), risk perceptions and efficacy were
measured after message exposure. Risk perceptions were assessed by asking participants to report
the perceived severity of environmental, social, and personal impacts. Building on previous research
that has measured both social and personal dimensions of risk (van Riper et al., 2016), we added an
environmental dimension to reflect the direct threats faced by aquatic ecosystems that may be pro-
cessed differently than threats that directly impact humans. To measure self-efficacy, three items
were drawn from past work (Bandura, 1977), and adapted to the context of AIS management.
Three items measuring response-efficacy were developed during earlier qualitative phases of this
project and were refined in response to past research (Landon et al., 2018). All risk perception
and efficacy scales were reliable (Table 2).

Drawing on the Value-Belief-Norm Theory of Environmentalism (Stern et al., 1999), values were
measured using survey items associated with three dimensions: biospheric, altruistic, and egoistic.
A six-item issue scale was adapted from past work (Quick & Stephenson, 2007) to measure AIS
issue involvement. Two items from the involvement scale were dropped due to low factor loadings;
the resultant four-item scale was reliable (α = .832; Ω = .777; AVE = .522).

Experimental design

In consultation with Illinois-Indiana Sea Grant, three treatments were developed to test the effects
of value-framing (Table 1) by modifying a brochure that was in use by Be a Hero. First, a self-trans-
cendent message incorporated principles of altruism and environmentalism. Second, a self-
enhancement message incorporated principles of self-interest and goal attainment. Finally, a
third group received the original message contained in the brochure, which simply read: “Don’t
dump bait.” Each participant was randomly assigned one of these three messages. Each experimen-
tal message was embedded within the brochure (see Appendix 1), meaning that participants were
exposed to a broad suite of information consistent across all three groups, as well as the treatment
information reflected in Table 1.

During the survey, participants first responded to questions about their recreational experience.
Next, they were presented with one of the three experimental messages. Immediately following
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message exposure, they responded to items measuring elaboration, reactance, and message effec-
tiveness. Next, they reported beliefs about AIS, including risk perceptions, self-efficacy, and
response-efficacy. Message responses and beliefs were asked after message exposure to test hypoth-
esized differences between these constructs due to differences in message framing. Participants were
asked about their values at the end of the survey, because these questions were least related to AIS or
outdoor recreation. Given that values are psychologically stable (van Riper et al., 2018), we did not
expect the message experiment to impact reported values, and indeed, our results showed there
were no differences in average values across the three treatment groups (See Appendix 2).

Analysis

Mean values of message evaluations (i.e. perceived effectiveness, elaboration, and reactance) were
estimated and compared against the baseline message using an ANOVA. To assess relationships
among values, elaboration, and beliefs, we used structural equation modeling (Kline, 2015). First,
we assessed the measurement properties for each scale using confirmatory factor analysis; the
measurement model demonstrated good fit (χ2 = 622.125, df = 329, p < .001; CFI = .961; RMSEA
= .042; SRMR = .042). Next, a structural regression model was estimated to test the 12 hypotheses
(see Figure 1). The full information maximum likelihood method was used to account for missing
data (Von Hippel, 2016). Model fit was considered acceptable given Root Mean Square Error
Approximation (RMSEA)≤ 0.07 (Steiger, 2007), Comparative Fit Index (CFI)≥ 0.90 (Bentler,
1990), and Standardized Root Mean Square residual (SRMR)≤ 0.10 (Kline, 2015). Using multi-
group SEM analyses, three separate models were estimated for the three groups of participants
that received distinctly framed messages. After establishing measurement invariance between the
models, differences in path coefficients were assessed. Specifically, we used a chi-square difference
test to compare a model that was allowed to vary across the three groups against a model that con-
strained all betas to be equal. Indirect effects were estimated by multiplying path coefficients. All
analyses were conducted in R version 3.6.1.

Results

Participants responded favorably to the messages, reporting high effectiveness (M = 4.12, SD =
0.67), moderately high elaboration (M = 3.73, SD = 0.73), and low reactance (M = 2.63, SD = 0.87)
across all three messages (Table 3). Likewise, there were no significant differences in post-message
beliefs (i.e. efficacy and risk perceptions) among the three messages. Rather, all participants

Table 1. Message content for three treatments that reflected self-transcendent values, self-enhancement values, and a baseline
message.

Treatment Message content

Self-
transcendent

PROTECT THE ENVIRONMENT
Aquatic invaders can dramatically change the ecosystem and harm native fish species. By completing
remove-drain-dry, you can…
• Protect the quality of habitats and natural environments
• Preserve recreational opportunities for future generations
• Build a sense of community among anglers and water users
• Ensure the economic benefits provided by the resource will continue to benefit the region

Self-
enhancement

YOUR WATERWAYS ARE BEING IMPACTED
Aquatic invaders can block access to waterbodies and prevent you from enjoying your favorite activities. By
completing remove-drain-dry, you can…
• Protect the waterbodies that you value the most
• Ensure you’ll be able to enjoy the resource for years to come
• Know you have done the right thing to be a responsible angler or boater
• Influence other recreationists to take responsibility for the ecosystem

Baseline Don’t dump bait
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reported moderate risk perceptions (Personal: M = 3.32, SD = 0.94; Social: M = 3.32; SD = 0.94;
Environmental: M = 3.56; SD = 0.79) and moderately high efficacy (Self: M = 4.12, SD = 0.75;
Response: M = 4.35, SD = 0.66) after reading the message.

Structural equation models to explain relationships among values, involvement, elaboration, and
beliefs demonstrated acceptable model fit, indicating significant relationships among these con-
structs (self-transcendent:χ2 = 634.801, df = 375, p < .001, CFI = .904, RMSEA = .065, SRMR
= .089; self-enhancement: χ 2 = 585.789, df = 375, p < .001, CFI = .924, RMSEA = .057, SRMR
= .071; baseline: χ 2 = 647.867, df = 375, p < .001, CFI = .902, RMSEA = .065, SRMR = .090). Elabor-
ation was positively correlated with all dimensions of risk perceptions and efficacy in all three

Table 2. Factor loading scores, means, and standard deviation for survey items evaluated by recreational water users in the
pooled sample. Measures of internal consistency for each construct include Cronbach’s alpha (α) McDonald’s omega (Ω), and
average variance explained (AVE).

Factor
loading M (SD)

Biospheric values1 (α = .798; Ω = .800; AVE = .572) 4.27 (0.67)
Protecting the environment: preserving nature .741 4.37 (0.75)
Unity with nature: fitting into nature .760 4.12 (0.86)
A world of beauty: beauty of nature and the arts .766 4.33 (0.78)

Altruistic values1 (α = .816; Ω = .831; AVE = .627) 4.25 (0.78)
Equality: equal opportunity for all .802 4.28 (0.86)
Social justice: correcting injustice, care for others .843 4.08 (1.04)
A world at peace: free of war and conflict .693 4.38 (0.83)

Egoistic values1 (Spearman-Brown Coefficient =0.768)* 3.38 (1.02)
Authority: the right to lead or command .754 3.35 (1.17)
Influential: having an impact on people and events .773 3.41 (1.11)

Self-efficacy2 (α = .865; Ω = .865; AVE = .682) 4.12 (0.75)
I understand what I need to do in order to remove AIS from my boat or equipment .840 4.11 (0.85)
I am capable of performing the tasks required to remove possible AIS from my boat and
equipment

.826 4.18 (0.84)

I feel confident in performing procedures necessary to prevent AIS from spreading .810 4.08 (0.83)
Response-efficacy2 (α = .846; Ω = .846; AVE = .647) 4.35 (0.66)
Cleaning my boat and equipment helps to prevent AIS from spreading .838 4.36 (0.73)
My own actions to remove, drain, dry will protect fishing waters from AIS .818 4.30 (0.77)
If everyone remembered to “remove, drain, dry”, we could significantly lower the risk of
spreading AIS

.759 4.38 (0.77)

Environmental risk perceptions3 (α = .823; Ω = .823; AVE = .609) 3.56 (0.79)
Quality of habitat and natural environments .809 3.52 (0.88)
Environmental processes (e.g. water cycle) .807 3.46 (0.95)
Survival of plants and animals .723 3.69 (0.92)

Personal risk perceptions3 (α = .815; Ω = .816; AVE = .598) 3.32 (0.94)
Your appreciation of the beauty of the landscape .736 3.33 (1.10)
Your own enjoyment of recreational activities .774 3.40 (1.05)
Your own access to the waterbody .805 3.22 (1.14)

Social risk perceptions3 (α = .843; Ω = .860; AVE = .677) 3.32 (0.94)
The local economy .851 3.14 (1.12)
The community in the region .895 3.16 (1.11)
Recreational opportunities for future generations .687 3.66 (1.02)

Involvement2 (α = .832; Ω = .777; AVE = .523) 3.04 (0.89)
The spread of aquatic invasive species is a personally relevant topic for me .702 3.41 (0.95)
I think about aquatic invasive species a great deal .772 2.85 (1.11)
I find myself bringing up aquatic invasive species in casual conversation .680 2.54 (1.18)
When aquatic invasive species come up in conversation I “tune in” .732 3.35 (1.11)

Elaboration2 (α = .714; Ω = .727; AVE = .479) 3.73 (0.73)
Deep in thought about the message .854 3.71 (0.90)
Extending a good deal of cognitive effort .636 3.64 (0.98)
Reflecting on the implications of the arguments .553 3.83 (0.88)

Note: measurement model indicated good model fit (χ2 = 769.600, df = 359, p < .001; CFI = .948; RMSEA = .047; SRMR = .046).
1Measured on a 5-point scale from “unimportant” (1) to “very important” (5)
2Measured on a 5-point scale from “strongly disagree” (1) to “strongly agree” (5)
3Measured on a 5-point scale from “no impacts” (1) to “very severe impacts” (5)
*One survey item was dropped from this construct due to poor model fit
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models (Figure 2). Strong associations between elaboration and environmental risk perceptions (β
= .688, p < .001) were observed in the group that received the baseline message. Likewise, for the
group that received the self-enhancement message, elaboration was closely correlated with environ-
mental risk perception (β = .618, p < .001) as well as social (β = .500, p < .001) and personal (β
= .528, p < .001) risk perceptions. Similar patterns emerged in response to the self-transcendent
message, in that elaboration positively correlated with self-efficacy (β = .688, p < .001) and
response-efficacy (β = .599, p < .001).

Having established measurement invariance (Table 4), we compared the models to identify
differences in relationships between values and elaboration. Specifically, we compared a model
that allowed regression coefficients to vary across the three groups (χ2 = 2006.7, df = 1265) against
a model that constrained all betas to be equal (χ2 = 2061.8, df = 1289). The constrained model did
not fit the sample data as well (Δ χ2 = 55.077, Δ df = 24, p < .001), indicating significant differences
in regression coefficients across the three message treatments. In particular, the relationship
between biospheric values and elaboration was positive and significant for participants who
received the self-transcendent message (β = .980; p = .024), but non-significant for the two
other experimental groups (Baseline: β = .003; p = .985; Self-enhancement: β = .173; p = .254);
comparison of a model that constrained this path against a model that allowed this path to
vary confirmed a significant difference (Δ χ2 = 6.120, Δ df = 2, p = .047). For the self-transcendent
treatment group, there were corresponding indirect effects between biospheric values and all five
beliefs including self-efficacy (β = .674; z-value = 2.971; p = .003), response-efficacy (β = .587; z-
value = 2.858; p = .004), ecological risk perceptions (β = .556; z-value = 2.854; p = .004), personal
risk perceptions (β = .487; z-value = 2.830; p = .005), and social risk perceptions (β = .605; z-value
= 2.863; p = .004). In contrast to our hypotheses, the relationship between egoistic values and
elaboration was non-significant for all groups, including the self-enhancement group (β
= -.009; p = .934). Finally, the relationship between elaboration and self-efficacy was the strongest
for the self-transcendent treatment in contrast to the other two treatments (Δ χ2 = 11.408, Δ df =
2, p = .003; Table 5).

Discussion

Through a message experiment involving recreational water users, we quantified how values-fram-
ing affected elaboration and beliefs about AIS. Among participants who received a message that
embodied self-transcendence, there was a strong relationship between biospheric values and elab-
oration. Further, the positive effects of elaboration on both risk perceptions and efficacy under-
scored the effectiveness of current AIS outreach campaigns. Thus, adopting messages with self-
transcendent framing is likely to stimulate in-depth thinking, leading to stronger beliefs, and ulti-
mately, support for AIS prevention.

Table 3. Mean values and standard deviations for message evaluation and post-message beliefs across the three treatment
groups. No significant differences were detected at p < 0.05.

Self-transcendent framing Self-enhancement framing Baseline F P

Message evaluation
Elaboration 3.75 (0.72) 3.68 (0.77) 3.75 (0.71) .511 .600
Perceived effectiveness 4.11 (0.69) 4.10 (0.68) 4.14 (0.64) .220 .803
Reactance 2.61 (0.90) 2.63 (0.87) 2.64 (0.84) .019 .981

Post-message beliefs
Risk perceptions
Personal 3.27 (0.96) 3.36 (0.90) 3.31 (0.96) .443 .642
Social 3.28 (0.95) 3.30 (0.96) 3.38 (0.92) .519 .595
Environmental 3.48 (0.78) 3.60 (0.76) 3.58 (0.82) 1.179 .308

Self-efficacy 4.09 (0.81) 4.09 (0.76) 4.19 (0.67) 1.195 .304
Response-efficacy 4.35 (0.67) 4.30 (0.71) 4.40 (0.60) 1.000 .369
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Figure 2. Structural equation model results of relationships among values, elaboration, and beliefs for three subgroups defined
by three treatment groups: (A) Baseline, Model fit: χ 2 = 647.867, df = 375, p < .001, CFI = .902, RMSEA = .065, SRMR = .090; (B)
Self-enhancement message, Model fit: χ 2 = 585.789, df = 375, p < .001, CFI = .924, RMSEA = .057, SRMR = .071; and (C) Self-trans-
cendent message, Model fit: χ 2 = 634.801, df = 375, p < .001, CFI = .904, RMSEA = .065, SRMR = .089. Dashed lines indicate non-
significant relationships.
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The relationship between values and elaboration was significant only for the self-transcendent
message, whereas no values were related to elaboration in the baseline or self-enhancement treat-
ment. We did not expect the baseline message to evoke a relationship between values and elab-
oration, given that the baseline message was not modified to present values-framed messages, but
rather contained a single phrase unique from the other brochures (“Don’t dump bait”) that
could be described as a regulation frame. Holding the rest of the brochure constant across
the three treatments may have reduced the effects we observed. We did, however, expect the
self-enhancement message to evoke a positive relationship between egoistic values and elabor-
ation. It could be that the self-transcendent message had a more profound impact because of
the predominant role of biospheric values in characterizing our sample of recreationists. Alter-
natively, biospheric framing may be better suited to environmental issues than other types of
values, resulting in a more credible message than egoistic framing. Past research suggested
that alignment between the topic (e.g. an environmental issue like AIS) and the message
frame used (e.g. environmental values) can result in a stronger message than using a message
frame (e.g. egoistic values) that is less related to the message topic (Hansla, 2011). Related
work has argued that highlighting the personal pleasures associated with recycled products
could be perceived as “confusing or disingenuous” in contrast to highlighting environmental
benefits (Judge et al., 2021, p. 7). Ultimately, values-aligned message campaigns would be
most successful when informed by focus group data on the target audience to ensure that the
values adopted within the campaign are most relevant. When focus group consultations are
not feasible, data from surveys, or known characteristics of constituents such as political affilia-
tion (Corner et al., 2014) or gender (Dietz et al., 2002) can be used to inform value-based com-
munication campaigns.

Without considering the effect of values, the three treatments did not evoke different
responses. Specifically, there were no significant differences between the three treatments in
message response (i.e. effectiveness, elaboration, and reactance) or post-message beliefs (i.e.

Table 5. Results from tests of significant differences in beta coefficients for each path among the three treatment groups. Values
indicate the change in model fit when each regression path was allowed to vary in comparison to the model in which all
regression paths were constrained.

χ2 Df Δ χ2 Δ df p

All regression paths constrained 2061.8 1289 – –
All regression paths constrained, except:
Elaboration ∼ Self efficacy 2050.4 1287 11.408 2 .003
Elaboration ∼ Response efficacy 2060.2 1287 1.577 2 .455
Elaboration ∼ Ecological risk perceptions 2057.9 1287 3.861 2 .145
Elaboration ∼ Social risk perceptions 2057.0 1287 4.795 2 .091
Elaboration ∼ Personal risk perceptions 2060.7 1287 1.119 2 .572
Altruistic values ∼ Elaboration 2059.1 1287 2.680 2 .262
Biospheric values ∼ Elaboration 2055.7 1287 6.120 2 .047
Egoistic values ∼ Elaboration 2059.7 1287 2.096 2 .351
Altruistic values ∼ Involvement 2053.9 1287 7.905 2 .019
Biospheric values ∼ Involvement 2048.7 1287 13.129 2 .001
Egoistic values ∼ Involvement 2060.9 1287 0.879 2 .644

Table 4. Summary of measurement invariance testing between groups by values treatment.

χ2 Df Δ χ2 Δ df

1. Configural fit 1868.5 1125 – –
2. Constrained factor loadings 1908.1 1165 39.6051 40
3. Constrained intercepts 1939.6 1205 31.5162 40
4. Constrained residuals 2006.7 1265 67.1553 60
1Non-significant (p = .488)
2Non-significant (p = .829)
3Non-significant (p = .245)
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risk perceptions and efficacy). This result indicates it was not the message alone that mattered,
but alignment between values highlighted in the message and held by the individual. More
broadly, the messages in this experiment were well-received; given the consistent mean values
in message effectiveness and reactance across messages, no message stood out as problematic
or untrustworthy. In addition to highlighting the appeal of the Be a Hero campaign, this
finding suggests minimal risk of unintended consequences when imbuing messages with individ-
ual values. It is important to note that biospheric values were strong across our sample, as is
common among recreational water users (e.g. Shin et al., 2022), and it is thus possible that
within other audiences reporting stronger egoistic values, individuals would be more susceptible
to reactance. Therefore, we recommend that values held by recreational water users can be high-
lighted by resource management agencies with minimal concern about unintended negative reac-
tions, though caution may be necessary for other audiences.

Elaboration is integral to how messages affect beliefs about issues like AIS. In line with pre-
vious research (Brown et al., 2010), we observed that elaboration significantly predicted both risk
and efficacy across all three treatments. That is, the more closely participants read and reflected
on the message, the stronger their risk perceptions and efficacy beliefs. Although persuasion can
occur at any end of the elaboration spectrum (Petty & Cacioppo, 1986), our results reinforce the
argument that high elaboration is more likely to have long-lasting impacts due to the depth of
reflection (O’Keefe, 2013). We also contend that for complex topics like the multi-step process of
biological invasions (Lange & Marshall, 2016), high elaboration may be a particular asset to help
the reader absorb the many facets of a detailed message. Finally, although we tested involvement
as an explanatory variable, elaboration may also explain involvement, given research that has
encouraged the consideration of reverse-causal relationships (Sussman & Gifford, 2019). Causal-
ity among values, elaboration, involvement, and beliefs is thus an important question for future
study. In summary, high elaboration can be achieved through values-framing, and should be a
key goal of environmental communication that seeks to explain how people can prevent the
spread of AIS.

Implications and areas of future research

From our results, we provide several implications for message campaigns related to AIS. First, the
Be a Hero campaign messages we tested resulted in high perceived message effectiveness and low
reactance regardless of the treatment. This finding contextualizes past research indicating that
recreationists perceived the Be a Hero logo to be overly simplified (Kemp et al., 2017). Respondents
in our study evaluated a brochure that contained more detailed information than the individual
logo evaluated by Kemp et al. (2017); thus, efforts to communicate using signage or brochures
that have logos embedded in more detailed materials to aid interpretation will likely be well-
received.

Although AIS outreach campaigns are well known among recreational water users (Seekamp,
McCreary, et al., 2016b), AIS have continued to threaten ecosystems and well-being in the Great
Lakes region (Escobar et al., 2018). Inconsistent actions among anglers (Cole et al., 2019), coupled
with inconsistent policies across the Great Lakes region (Peters & Lodge, 2009) create multiple
pathways for the spread of AIS. Thus, understanding and closing the “knowledge-action gap” (Koll-
muss & Agyeman, 2002) continue to be laudable goals, given that reducing the number of recrea-
tionists spreading AIS may significantly reduce propagule pressure (Drake & Mandrak, 2014). To
encourage more recreationists to take action, further research on how message framing affects elab-
oration and beliefs will be particularly useful because these concepts mediate the relationship
between knowledge and action.

Outreach professionals should build messages that foster elaboration, given its importance in
conveying information regarding the threats posed by AIS and the ability of recreational water
users to make a difference. In particular, campaigns imbued with biospheric values should be
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prioritized in future research on recreational water users. This approach would respond to what has
been learned about the powerful role of biospheric values in motivating behavior (Golebie et al.,
2021; Shin et al., 2022), while acknowledging that value pluralism should be maintained to respect
differences among diverse user groups (Kenter et al., 2019). Additionally, future work should exam-
ine how social norms may work in concert with values-framing, given evidence it may elicit more
pronounced responses from stakeholders (Peloza & White, 2007).

The findings in this study should be considered in light of several limitations. First, this research
was conducted using a Qualtrics panel, which is not randomly selected from the U.S. population.
We selected this method because of declining response rates to mailback surveys (Stedman et al.,
2019), and because it is increasingly used to understand environmental topics (e.g. Landon et al.,
2021). There were few key differences between our study and those that used mailback surveys
(e.g. van Riper et al., 2020). Most notably, recreationists with lower levels of experience were
recruited in our study, which supported our aim to understand how messages are perceived by
those unfamiliar with AIS. Second, our methods were adopted with guidance from a funding agency
interested in testing specific messages that would enhance their outreach programs. We worked clo-
sely with the agency to design and test candidate messages that could be used in the future.
Although these results provided valuable information, the evidence we generated was highly site
specific. To generalize results beyond the tailored messages used for this study, future work should
aim to represent values with a broader array of messages. Third, our study integrated biospheric and
altruistic values within a single message in line with self-transcendence (Schwartz, 2012) whereas
our path models recognized differences between the effects of these two value orientations (van
Riper & Kyle, 2014). Future work should seek to disentangle the effects of these two values by testing
messages that include only one value dimension, particularly given past work that has indicated
combining frames in one message may be less effective than individual frames (Nilsson et al.,
2016). Finally, given that none of our experimental messages resulted in a connection between ego-
istic values and elaboration, we are not able to provide insight on strategies that resonate with ego-
istic values. Alternative ways of framing egoistic values should be examined in the future, as well as
other types of framing strategies that may lead to higher elaboration for individuals that value
egoism.

Conclusion

Recreational water users can unintentionally spread AIS as they travel between waterbodies and
therefore threaten the health of aquatic ecosystems. Given that many of these users remain unable
to take preventative measures, resource management agencies require insights on how to improve
outreach campaigns that heighten awareness of risks posed by AIS and boost individuals’ confi-
dence in taking preventative measures. We confront this problem by testing the ability of values-
framing to convey information in appealing and effective ways to recreational water users. This
study indicates self-transcendent messages encourage participants to think more deeply and
increase their perceived ability to take action against the spread of AIS. Outreach campaigns
focused on AIS should therefore be informed by the values of a constituency and work to align mes-
saging with those values. This strategy will be most likely to captivate attention and successfully
communicate about AIS risks and prevention.
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Egoistic values 3.10 (1.02) 3.15 (0.93) 3.14 (1.09) .140 .870
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Figure A1. The experimental messages that participants evaluated including: (A) the baseline message; (B) the self-transcendent
message; and (C) the self-enhancement message.
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Figure 3 Continued
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