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Abstract

In 1994, a general population survey was conducted to evaluate Montanans’ knowledge about
noxious weeds, and results from that survey launched an ongoing statewide education cam-
paign. In 2019, we conducted another general population survey to assess the views and behav-
iors of Montanans as they relate to noxious weeds and to identify new approaches for
disseminating noxious weed information. We also asked questions to evaluate changes over
the 25-yr period, although our ability to make direct comparisons is subject to limitations.
We implemented a mail-based survey in March through May 2019. The response rate was
18%, with 830 responses from 4,582 valid mailing addresses. Just under half (48%) of respon-
dents report “little” or “no” knowledge about noxious weeds, which would constitute a 19-point
improvement since 1994. A largemajority (68%) of respondents indicate that noxious weeds are
a “serious” or “very serious” problem, and appreciation for the range of negative impacts asso-
ciated with noxious weeds is considerable. Most respondents (61%) identify humans as con-
tributing “a lot” to noxious weed spread, and respondents report that their behaviors to
prevent the spread of noxious weeds have increased over time. While the 1994 respondents
rated television, newspaper, and radio as the best ways to disseminate information about nox-
ious weeds, respondents now also recognize methods such as websites and social media pages as
effective. Our survey identifies a need for increased educational messaging for women and peo-
ple in the 18 to 39 age group. Overall, our results indicate that individuals who have seen differ-
ent forms of advertisements and have participated in educational programs are more likely to
consider noxious weeds a serious problem and to engage in behaviors to stop their spread.

Introduction

Education is often touted as one of the most important aspects of invasive species management
(Cole et al. 2016; Cordeiro et al. 2020; Reis et al. 2013). Furthermore, because invasive species are
often spread through human activities (Birdsall et al. 2012; Panetta and Scanlan 1995; Seekamp
et al. 2016a; Taylor Davis et al. 2012), public engagement in invasive species management and
prevention is critical (Cordeiro et al. 2020; Reis et al. 2013). Awareness of invasive species, and in
particular invasive plants, can vary across audiences and geographic areas (Daab and Flint 2010;
Kapler et al. 2012; Steele et al. 2006). Despite resources being devoted to educating the public
about invasive species, there has been minimal effort to measure effectiveness (Marzano et al.
2015). Evaluation of aquatic invasive species education campaigns have indicated a positive rela-
tionship between exposure to campaign messaging and increased knowledge and practice of
recommended actions by targeted audiences (Larson et al. 2011; Seekamp et al. 2016b).

We had a unique opportunity to evaluate education efforts for invasive, noxious weeds in
Montana. In 1994, a general population survey was conducted via telephone to evaluate
Montanans’ knowledge about noxious weeds. The objectives of the 1994 survey were to deter-
mine the knowledge level and attitudes of people in Montana about noxious weeds, how they
used the outdoors with respect to noxious weed spread, and the best methods of disseminating
information to people unaware of noxious weeds (see Sheley et al. 1996, including the questions
asked in table 1 on p. 593). Results of the survey were used to develop a statewide noxious weed
awareness and educational plan, which included the creation of the Montana Noxious Weed
Education Campaign (MNWEC) in 1996. The mission of the MNWEC is to educate the people
of Montana about the economic and environmental impacts of noxious weeds and encourage
the public to participate in ecologically based integrated weed management. State and federal
governmental agencies, university personnel, county noxious weed districts, tribal land man-
agement agencies, and nongovernmental organizations assist with directing the activities of
the MNWEC.
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Over the last 25 yr, the MNWEC has engaged in a variety of
educational activities and noxious weed messaging, including
direct (e.g., presentations, workshops, trade show booths) and
indirect (e.g., publications, radio, television, outdoor advertis-
ing, social media) efforts. Education and outreach efforts have
intensified since the MNWEC reorganized in 2012.
Intensification of efforts from 2015 to 2019 focused on targeting
specific audiences identified in the 1994 survey: educators and
students; recreationists (horseback riders, hunters, backpackers,
bikers, and trail users); real estate professionals; and tourists.
From 2015 to 2019, the MNWEC attended 98 outreach and edu-
cation events that accumulated to 1,372 contact hours and 325
educational booth hours in direct contact with the MNWEC’s
specified audiences. During the same time frame, a total of
$35,000 was spent on outdoor advertising billboards, $20,000
on noxious weed-themed educational television ads, and
$19,000 on print advertising targeting hunters and anglers.
Two other audiences that have received increased educational
efforts from the MNWEC are real estate professionals and
small-acreage landowners. In 2016, the MNWEC developed
an online, accredited training program designed to increase
the knowledge of real estate professionals so that upon comple-
tion they could provide outreach and additional resources to
their clients. Since its inception, 140 real estate professionals
have completed this course.

Given the 25-yr history of noxious weed education and the
previous survey effort (Sheley et al. 1996), we conducted a gen-
eral population survey in 2019 to assess the views and behav-
iors of Montanans as they relate to noxious weeds. The purpose
of this paper is to describe the results of that survey and pro-
pose new approaches for disseminating noxious weed
information.

Materials and Methods

We implemented a mail-based survey to maximize response rate and
representativeness, with survey administration managed by the
Human Ecology Learning and Problem Solving (HELPS) Lab at
Montana State University. The HELPS Lab has determined that mail
surveys produce the highest response rate of any single mode in
Montana, a finding replicated by researchers in other locales
(Converse et al. 2008; Guo et al. 2016). The mailing included a cover
letter, questionnaire (Supplementary Appendix S1), and business
reply envelope. The cover letter emphasized that knowledge or opin-
ions about noxious weeds were not prerequisites for completing the
questionnaire and that having responses from people with differing
levels of knowledge and interest would be helpful. The questionnaire
was composed of 29 questions covering topics such as knowledge and
perception of noxious weeds, engagement in various outdoor activ-
ities, behaviors associated with preventing noxious weed spread,
sources of information for learning about noxious weeds, perception
of noxiousweed knowledge level, and demographics (e.g., age, gender,
level of education). Further, an open-ended format to replicate the
1994 method as closely as possible was used to ask respondents to
name the most and second-most damaging noxious weeds in
Montana. Respondents were instructed not to conduct any research
and were only told to mention such weeds if they were able to do so.
Data collection ran fromMarch toMay 2019. The population of inter-
est was all Montana adults, with a random sample stratified by county
and gender.

The mailing achieved a response rate of 18%, with 830 responses
from 4,582 valid mailing addresses. The response rate was uniform
across different areas of the state, operationalized as weed district area
council geographies. However, the pool of respondents was older
(75% aged 50 ormore) and slightlymoremale (58%) than the general
adult population ofMontana. Given the relationship between age and
gender and other variables in the data set, the HELPS Lab constructed
post hoc analytical weights for the data. Population data from theU.S.
Census Bureau allowed for the construction of weights based on the
conjunction of age and gender categories in Montana. These weights
ensure that the age and gender distributions in the datamatch those in
the general adult population inMontana. Using a hypothetical exam-
ple, if women aged 18 to 29 constituted 5% of the population but only
2.5% of the respondents, a respondent with those characteristics
would receive a weight of 2. The inverse would be true for individuals
overrepresented in the respondent pool, as their weights would be less
than 1. Weighted descriptive statistics reported are more representa-
tive of Montana’s adult population than are the raw numbers.
However, we also occasionally report the rawnumbers formore direct
comparability with the 1994 numbers (Sheley et al. 1996), and we

Table 1. Percent of respondents (n= 779–799 depending on the question)
saying a source contributes “a lot” to the spread of noxious weeds, including
breakdowns by gender and age groups.a

Source Overall Male Female 18–39 40þ
Humans 61 59 62 61 60
Motor vehicles 46 45 47 40* 49*
Construction 39 36* 43* 35 41
Boats 31 27* 36* 32 31
Birds 29 30 28 35* 26*
Livestock 25 26 24 27 24
Wildlife 24 25 23 30* 20*

aThese percentages utilize the post hoc analytical weights. Sources are listed in descending
order by overall percentage. An asterisk indicates that the difference across gender or age
categories is significant at the P ≤ 0.05 level using a test for a difference in proportions.

Management Implications

Educating the public about invasive, noxious weeds is widely rec-
ognized as an important component of management. Humans are
responsible for managing invasive plants, and furthermore, invasive
plants are often spread by humans and their activities. We conducted
a general population survey to assess Montanans’ views on noxious
weeds. Overall, the survey results support noxious weed advertising
and education efforts to the public. Survey respondents worry about
the negative effects of noxious weeds and believe the problem is seri-
ous. The many outdoor activities in which Montanans engage may
provide opportunities for values-based transmission of information
about noxious weeds. Many valid venues exist for transmitting such
information, led by the Internet. The importance of the Internet sug-
gests that practitioners should improve its utilization and link infor-
mation more effectively. Also arguing in favor of informational
efforts is the universal pattern that emerges in the data wherein peo-
ple engaged with these informational methods view noxious weeds as
a serious problem and demonstrate behaviors to prevent the spread
of noxious weeds. Informational exposure is related to activities such
as burning or throwing burs in the garbage, washing nonmotorized
gear, and washingmotorized equipment. Finally, the survey provides
some ideas about ways to provide targeted information to younger
adults and women, who claim and demonstrate less knowledge about
noxious weeds overall. In their totality, these results are useful for
defining a path forward for future educational efforts.
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indicate when we are doing so. In terms of other respondent charac-
teristics, most respondents (90% unweighted) are landowners in
Montana. The pool of respondents also reports a greater level of
higher education overall than the actual population of Montana, with
47% (unweighted) reporting at least a 4-yr college degree as compared
with 31% for the population based on census data.

Beyond the reporting of descriptive statistics, we also utilize
inferential statistics to test for differences between groups and to
evaluate the predictors of the ability to name a noxious weed.
For the former, we typically employ difference in proportions tests,
which assess whether the difference between two proportions (e.g.,
0.70 and 0.60) is meaningful. This is a z-test with a null hypothesis
that the two proportions are the same. A result with a low P-value
provides confidence that the two proportions are indeed different.
We also employ the more familiar independent group t-test for
differences in means. Here again the null hypothesis is one of
equivalence, with a low P-value result supporting an interpretation
that the two associated population means are different. Finally, we
use logistic regression as a nonlinear model for the binary depen-
dent variable of whether an individual can name a noxious weed
that appears on the official Montana list. Linear regression models
assume a continuous dependent variable and are therefore inap-
propriate in this case. Logistic regression is designed to account
for the functional form with a binary dependent variable (Long
and Freese 2006).

Results and Discussion

Outdoor Activities

The questionnaire compiled information about the frequency with
which respondents have engaged in a range of outdoor activities over
the last 3 yr, as previous research has shown that knowledge of nox-
ious weeds and invasive plants is greater among those who regularly
participate in outdoor activities (Eiswerth et al. 2011; Sheley et al.
1996). In our data, driving automobiles on dirt roads or across fields
is themost common activity (46%of respondents); followed by hiking
or backpacking (41%); working outside in fields, ditches, pastures, or
forested areas (37%); fishing (24%); ridingmotorized off-road vehicles
(20%); and hunting (17%). Respondents engaged in other activities
listed on the questionnaire but to a lesser extent (Supplementary
Table S1, which also breaks down results by gender and age groups).
Some of these figures seem high, and we suspect some respondents
interpreted the question to mean the average within the season for
each activity. Nonetheless, this information remains useful for iden-
tifying potential spread vectors and values. Further, such information
is useful for understanding possible vectors of noxious weed spread
and for developing targeted educational messaging to audiences
engaging in specific activities in which those vectors are present.
Understanding what outdoor activities Montanans engage in most
often can also help to identify their key values (e.g., people who engage
in fishing may value clean water and healthy fish populations). Other
work has proven that targetedmessaging that appeals to an audience’s
values can be an effective approach for prompting change in behavior
regarding environmental actions (Jarreau et al. 2015).

Knowledge of Noxious Weeds

Montanans were generally aware of noxious weeds in 1994, though
they felt they lacked knowledge about them (Sheley et al. 1996). At
that time, 76% of respondents said that noxious weeds were a seri-
ous or very serious problem, but 67% said they knew little to noth-
ing about them (Sheley et al. 1996). In our 2019 survey, 48%

(unweighted) of respondents report “little” or “no” knowledge
about noxious weeds, a 19-point improvement since 1994. A differ-
ence in proportions test provides evidence that this difference (67%
vs. 48%) is statistically meaningful (z = 9.08, P< 0.001), to the
extent these numbers are directly comparable. The weighted
response from 2019, which more accurately represents female
and younger (18- to 29-yr-old) respondents than do the raw data,
is 54%, a 13-point improvement (z = 4.37, P≤ 0.001). For individ-
uals who have seen or participated in at least one informational
activity about noxious weeds, the percentage is even lower
(44%). These results (when considered with other results presented
later) suggest that 25 yr of educational efforts are improving
Montanans’ knowledge concerning noxious weeds. Despite
improvement, however, nearly half of Montanans surveyed claim
to know little to nothing about noxious weeds, suggesting there is
room for additional improvement. Considering progress more
recently, 40% of respondents claim their knowledge of noxious
weeds has increased “a little” (33%) or “a lot” (7%) in the last 5 yr.

We interpret the ability of a respondent to name a noxious weed
as another indicator of knowledge. Respondents in the aggregate
named 27 of 35 noxious weeds on the Montana state list. The
most-named weeds are knapweed (spotted and diffuse)
(Centaurea spp.) (named by 50% of respondents, unweighted), leafy
spurge (Euphorbia esula L.) (26%), and Canada thistle [Cirsium
arvense (L.) Scop.] (13%). These three weeds (i.e., Centaurea spp.,
E. esula, C. arvense) are the same as the top three weeds named
in 1994 (andmatch the top three in Yung et al. 2015). Overall aware-
ness of these species has increased compared with 1994, when 43%,
14%, and 9% of respondents, respectively, produced the names of
those species. Difference in proportions tests for the three species
(e.g., 50% vs. 43% for Centaurea spp.) indicate that these differences
over time are real (z= 2.32, P≤ 0.010; z= 4.80, P≤ 0.001; z= 2.06,
P≤ 0.020). This improvement in ability to name species has
occurred regardless of changes in the abundance of these three spe-
cies across Montana (Duncan 2008; Montana Department of
Agriculture 2017), suggesting respondents’ awareness is not simply
amatter of these species beingmore visible. Interestingly, our results
indicate that 53%ofmale respondents can name at least two noxious
weeds, whereas only 37% of female respondents are able to do so
(z= 4.49, P≤ 0.001). Similarly, 37% of women report knowing
“something” or “a lot” about noxious weeds, as compared with
53% of men (z= 4.48, P≤ 0.00). Such results indicate that future
educational efforts should target women.

We also asked how respondents had learned about noxious
weeds, and 49% reported learning from family and friends, 29%
consulted with the local weed district or Extension office, 27%
obtained information from local advertisements, and 25% received
information from neighbors. Information sources were similar to
those identified by Lubeck (2018), in whichmore than 80% of land-
owners reported that they receive their knowledge from friends or
family, followed by other landowners (72%), weed districts (50%),
Extension (48%), and neighborhood networks (44%). Research
from Wisconsin concluded that boaters tend to receive informa-
tion about aquatic invasive species mostly through lake associa-
tions, family, and friends (Witzling et al. 2016). Broadly,
research into environmental education has indicated that people
receive information through a variety of social interactions, with
personal and face-to-face interactions being particularly effective
for influencing changes in behavior (Gifford and Nilsson 2014;
Howell et al. 2015; Werner et al. 2008). This reinforces the impor-
tance of social networks for sharing information about invasive
species.
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Perception of Noxious Weed Problem

Similar to results from other surveys about noxious weeds in
Montana (Lubeck 2018; Sheley et al. 1996; Yung et al. 2015), a large
majority of respondents indicate that noxious weeds are a “serious”
(36%) or “very serious” (32%) problem. Views on seriousness gen-
erally increase incrementally with age. Further, the relationship
between self-reported knowledge about noxious weeds and views
of problem seriousness is moderately strong (Pearson’s r= 0.43).

We asked Montanans about the importance of different nega-
tive impacts associated with noxious weeds, because we were inter-
ested in how future educational efforts could appeal to peoples’
values. Eighty-two percent of respondents indicate that loss of
native plants is “very important” or “extremely important” to them
personally, followed by increased risk of wildfire (82%), loss of bio-
diversity (81%), loss of wildlife habitat (80%), loss of farmers’ crop
production (78%), increased soil erosion (76%), loss of forage for
livestock (75%), reduced recreation opportunities in streams and
lakes (68%), and loss to the recreation industry through degrading
landscapes (63%). Twenty-five years earlier, 19% of survey respon-
dents could not name any impact of noxious weeds (using an open-
ended question format), even though a strong majority (76%)
viewed noxious weeds as a serious problem (Sheley et al. 1996).

Noxious weeds have adaptations that facilitate dispersal via
humans and animals, and humans who work or recreate in areas
infested with noxious weeds may become a vector for seed spread
(Coleman et al. 2011; Panetta and Scanlan 1995; Taylor Davis et al.
2012). Survey respondents’ knowledge reflects this understanding,
with 61% identifying humans as contributing “a lot” to the spread
of noxious weeds; this was higher than for any other source of
spread (Table 1). These results differ from those of Sheley et al.
(1996), in which wind, livestock, and wildlife were the most men-
tioned vectors. Interestingly, at that time more than one-third of
respondents (38%) provided answers that were not recognized
by weed professionals as common vectors, and only 5%mentioned
vehicles as contributors to seed spread (Sheley et al. 1996). Though
the question format was different in 2019, 86% of respondents say
that motor vehicles spread noxious weeds either “some” or “a lot.”
This suggests that Montanans’ knowledge of how humans contrib-
ute to seed dispersal may have changed in useful ways over the past
25 yr.

Behaviors Associated with Noxious Weeds

Self-reported behaviors to prevent the spread of noxious weeds
appear to have increased over time, and our results support other
noxious weed–related surveys in Montana (Lubeck 2018; Yung
et al. 2015) that suggested Montanans believe their personal
actions can help control weeds. Specifically, nearly half of respon-
dents say they do “a little more” (32%) or “a lot more” (12%) about
noxious weeds as compared with 5 yr ago, and 64% who own or
rent land have performed weed control activities on their land.
Similarly, Yung et al. (2015) reported that 78% of surveyed land-
owners conducted weed control. A majority (64%) of our respon-
dents report that they throw burs or seeds stuck to their clothing or
pets into a trash receptable to help reduce noxious weed spread.
Seventy percent of respondents who recreate with livestock on
public lands (e.g., packing into the backcountry) report using nox-
ious weed seed–free forage. Respondents who participate in non-
motorized activities report the preventative behavior of washing
gear “sometimes” (39%) or “always” (31%) before and after
recreating. For respondents who participate inmotorized activities,
40% report they “sometimes” wash vehicles, and 29% report they

“always” wash vehicles. Parts of vehicles where washing is concen-
trated included the body (63%) and wheels (62%). These self-
reported behaviors are encouraging, especially considering vehicles
readily disperse seeds across substantial distances (Taylor Davis
et al. 2012), and roads are particularly influential to noxious weed
distribution (Birdsall et al. 2012).

A pattern emerges with relationships among age group, self-
reported knowledge, and behavior. In particular, respondents in
the 18- to 39-yr-old age group report knowing less about noxious
weeds (35% know “something” or “a lot” vs. 51% for older respon-
dents, z= 3.24, P≤ 0.001) and are less likely to engage in behaviors
to limit noxious weed spread. Fifty-six percent of 18- to 39-yr-olds
are able to name at least one noxious weed, compared with 73% of
respondents aged 40 and higher (z= 3.58, P≤ 0.001).
Furthermore, the 18 to 39 age group is less likely to throw seeds
or burs in the garbage or to burn them (52% vs. 78%, z= 5.40,
P≤ 0.001). The belief that government is responsible for the envi-
ronment could explain why this age group is less knowledgeable
than older survey respondents; a 30-yr study conducted by
Wray-Lake et al. (2010) found that “high school seniors consis-
tently believe that the government is more responsible for the envi-
ronment than they are.” Future educational efforts should target
this age group to highlight that everyone has a personal respon-
sibility to act in ways that stop the spread of noxious weeds, par-
ticularly in the context of being proactive and cleaning gear before
and after recreational activities in which they commonly engage.

Outreach and Education Materials

Respondents who have seen advertising and promotional materials
are more likely to view noxious weeds as a serious problem and are
more likely to engage in preventative behaviors. Of the specific out-
reach activities undertaken in the last 5 yr by the MNWEC, 35% of
respondents have seen television advertisements, followed by radio
advertisements (32%), Adopt a Trailhead Montana signs (30%),
newspaper advertisements (29%), advertisements in fishing regu-
lation guidebooks (29%), “Pretty Wildflower? Think Again” bill-
boards (28%), and advertisements in hunting regulations
guidebooks (28%) (see Supplementary Table S2, including break-
downs by gender and age categories). Only 8% of respondents were
familiar with the PlayCleanGo campaign (playcleango.org), which
was the subject of a separate question, with 40% of those respon-
dents stating that it has affected their decision making.

Importantly, respondents who saw advertisements or educa-
tional materials are more likely to engage in behaviors that are
helpful for reducing the spread of noxious weeds. Table 2 shows
13 different MNWEC-related outreach methods covered in the
questionnaire, along with an overall average “seriousness” score
and corresponding scores for those who have engaged with the out-
reach method and those who have not. The seriousness score is
based on responses to a questionnaire item about the seriousness
of the noxious weed problem. In all 13 cases, the seriousness score
is higher among individuals who have seen thematerial. About half
of these differences are statistically significant, led by advertise-
ments in hunting regulation guidebooks.

Figure 1 illustrates differences in three behaviors related to
reducing the spread of noxious weeds based onwhether individuals
have seen advertisements or participated in educational activities.
The three behaviors are: (1) always throwing seeds in the garbage
or burning them, (2) always washing nonmotorized gear, and (3)
always washing motorized equipment. Across the 13 different out-
reach methods, this yields 39 comparisons. All of these differences
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are in the expected direction (i.e., people exposed to the outreach
are more likely to engage in the desirable behaviors), and 31 of the
differences are statistically significant. This is strikingly consistent
evidence.

A universal pattern across these analyses is that people who have
seen advertisements or engaged in educational activities are more
likely to see the problem of noxious weeds as serious and are more
likely to engage in behaviors to stop their spread. Similarly, research
from the southwestern United States showed that people who were
more knowledgeable about invasive plants and viewed them as a
problemwere more likely to engage in volunteer activities to control
invasive plants (Tidwell and Brunson 2008).While it is possible that
respondents who are already more attuned to the problem of nox-
ious weeds are more likely to see and recognize advertisements, the
relationship in our data between seeing advertisements and engag-
ing in activities to stop noxious weed spread is encouraging and sup-
ports continuation of educational efforts.

With the goals of helping the MNWEC more effectively com-
municate with and educate its target audiences, we asked respon-
dents to indicate the primary source they would turn to for learning
more about noxious weeds. The most popular answer is the
Internet (62%), followed by the local Extension office (13%) or
county weed district (12%) (Table 3). Some differences emerge
among age groups when responding to this question. Notably,
younger respondents are more likely than older respondents to
look toward the Internet (z= 5.28, P≤ 0.01), while older respon-
dents are more likely than younger respondents to look toward the
local Extension office (z= 4.28, P≤ 0.01) and county weed district

(z= 3.34, P≤ 0.01). Respondents were given the option of provid-
ing open-ended responses to this question; the most popular
answers were government agencies and websites, signposts at trail-
heads or public access sites, and farm/ranch stores.

We also asked respondents to rate the personal effectiveness of
various information delivery methods. Results show a variety of
delivery methods with similar levels of potential effectiveness,
including noxious weed websites, brochures, billboards, and social
media (Table 4). This contrasts with the more limited list of dis-
semination methods in Sheley et al. (1996), in which television,
newspaper, and radio were convincingly the best way to dissemi-
nate noxious weed information. The change in effective delivery
methods over the last 25 yr is likely a reflection of advances in tech-
nology, the broad variety of ways in which information is commu-
nicated today, and the role of interpersonal communication via the
Internet and social media in influencing pro-environmental behav-
iors (Han and Xu 2020). We think that many methods need to be
used to expand noxious weed educational messaging and delivery,
and that the methods of delivery should be tailored to meet the val-
ues and communication norms of specific target audiences
(Albrecht 1996; Hine et al. 2014; Kilian et al. 2012; Kotler and
Zaltman 1971).

The results also show some meaningful differences across
groups. Women are more likely than men to think social media
pages will be very effective for them personally (z= 3.08,
P≤ 0.01). Younger respondents similarly see social media pages
as more effective than do older respondents (z= 6.35, P≤ 0.01).
Women are also more likely to view brochures distributed with
vehicle registrations as more effective than do men (z= 4.28,
P≤ 0.01), while younger respondents are more likely to see social
media advertisements as effective (z= 5.28, P≤ 0.01). As discussed
later, these differences have implications for messages and meth-
ods that target particular groups.

Predictors of Knowledge

Finally, with a full set of variables in hand, we look at predictors of
the ability to name a noxious weed. Table 5 shows logistic regres-
sions for the binary outcome variable of whether the individual
was able to name at least one noxious weed accurately when asked
for an example in an open-ended format. The first model specifica-
tion includes 10 independent variables, including self-reported
knowledge about noxious weeds (which is anticipated to be a strong
predictor but could also be viewed as an alternative measurement of
knowledge). The secondmodel specification includes the same inde-
pendent variables but drops self-reported knowledge. Having seen
noxious weed advertisements in hunting or fishing regulation guide-
books is a significant predictor (P≤ 0.01 in the first model specifi-
cation) for being able to name a noxious weed, again bolstering
arguments for information campaigns. Frequency of hiking and
working outside are also significant predictors (P≤ 0.01 and
P≤ 0.05, respectively). Finally, learning about noxious weeds from
the local weed district (P≤ 0.01) and from family or friends
(P≤ 0.001) also contributes to the ability to name a noxious weed.

Recommendations and Proposed Actions

Though the implementation of different survey methods poses
challenges for comparison over time, there is evidence that
Montanans are now more knowledgeable about noxious weeds
and human-based spread than they were 25 yr ago. This supports
the continuation of advertising and education efforts. Further, the

Table 2. Association between exposure to Montana Noxious Weed Education
Campaign (MNWEC)-related outreach materials and respondent assessments
of the seriousness of the noxious weed problem.a

Outreach method
Seriousness
for seenb

Seriousness
for not
seenc

Difference in
seriousness

scored

Hunting regulation
guidebooks

3.35 2.96 0.39**

Television 3.26 2.97 0.29**
Newspaper 3.28 2.99 0.29**
Noxious weed K–9
curriculum

3.32 3.06 0.26*

Fishing regulation
guidebooks

3.24 3.01 0.23**

Invasive species K–9
curriculum

3.27 3.06 0.21*

Radio 3.22 3.01 0.21*
Facebook and YouTube 3.26 3.06 0.20
RideCleanGo posters/
rack cards

3.24 3.05 0.19

HuntCleanGo posters/
rack cards

3.22 3.05 0.17

Adopt a Trailhead
Montana

3.16 3.04 0.12

“Pretty Wildflower?”
billboards

3.16 3.05 0.11

“Got Houndstongue?”
billboards

3.15 3.07 0.08

aSeriousness was scored on a scale of 1–4, with 1 meaning “not serious at all” and 4 meaning
“very serious.”
bThe average seriousness score for individuals who have seen advertising in particular venues
or have engaged in particular educational activities.
cThe average for individuals who have not seen the advertising or not engaged in the
educational activities.
dThe difference between seen and not seen. The asterisks are for the results of independent
group t-tests for the difference in means. *P≤ 0.05; **P≤ 0.01.
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importance of family and friends in disseminating information
points toward finding ways to get information into social net-
works. Generally, Montanans engage in a wide range of outdoor
activities, and they are worried about the effects of noxious weeds
and about the seriousness of the noxious weed problem. These
results point toward values-based advertising and educational
campaigns being useful.

Montanans see information about noxious weeds in many
different places and perceive the potential effectiveness of many
different advertising methods, including those that were not
options 25 yr ago. However, the Internet was identified as the
place most Montanans would go first to find additional infor-
mation about noxious weeds. In the future, a multifaceted edu-
cational approach should continue, with a focus on making
easily discoverable content available on the Internet. An exam-
ple would be continued promotion of the MNWEC’s website as
a trusted resource. Given the results of this survey, it may benefit
the MNWEC to collaborate on the presentation of Internet
information (website text, photos, and messaging) with other
agencies in Montana that promote noxious weed education
through their own websites. A coordinated effort would
strengthen and increase outreach efforts across Montana.
Another example would be to continue (and expand if possible)

current advertising campaigns that appear to be “working” and
are visible as noted by participants in the survey.

Behaviors related to noxious weeds are arguably more impor-
tant than knowledge and awareness. Our results suggest that indi-
viduals with exposure to various informational efforts are more
likely to consider noxious weeds a serious problem and are more
likely to engage in behaviors to stop the spread of noxious weeds.
Ultimately, getting people to name noxious weeds may be a lot to
ask, but seeing advertisements unmistakably influences the kinds
of behaviors that will do the most to stop the spread of weeds. This
is encouraging news and helps to define a path forward for future
educational efforts.

The 2019 survey showcased programs and projects that have
been effective and highlighted areas in which improvement is nec-
essary. Based on the results, MNWEC intends to continue its
highly visible advertising campaigns (outdoor advertising bill-
boards and television ads) that are action oriented and encourage
participation in weed prevention activities. The MNWEC also
intends to work with its partner organizations to provide the public
with simplified websites for easy access to information about nox-
ious weeds, resources, best management practices, and prevention
methods. Finally, the MNWEC intends to use information
obtained through this survey to design and develop new materials

Figure 1. Difference in reported behaviors (i.e., always throw seeds in the garbage or burn seeds, always wash nonmotorized gear, and always wash motorized equipment) for
those exposed and not exposed to outreach materials about noxious weeds. Bars indicate the difference in percent of respondents who engage in behavior for those exposed to
outreach material vs. those not exposed. For example, 86% of individuals who have seen HuntCleanGo posters or rack cards always throw seeds in the garbage or burn seeds,
whereas 59% of people who have not seen HuntCleanGo advertisements do so. The difference is 27 percentage points, as shown by the first black bar in the figure. Asterisks
indicate whether the differences are significant, based on difference in proportions tests. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.
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that target groups identified as underserved by using the informa-
tion disseminationmethods that members of these groups name as
potentially most effective.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/inp.2021.35

Acknowledgments. We are grateful to survey participants and staff at the
HELPS Lab. This project was supported with funding from the Montana
Noxious Weed Trust Fund (grant no. 2018-007). JMM is supported by
NIFA-USDAHatchMONB000363. No conflicts of interest have been declared.

References

Albrecht TL (1996) Advances in segmentation modeling for health communi-
cation and social marketing campaigns. J Health Commun 1:65–80

Birdsall JL, McCaughey W, Runyon JB (2012) Roads impact the distribution of
noxious weedsmore than restoration treatments in a lodge pole pine forest in
Montana, U.S.A. Restor Ecol 20:517–523

Cole E, Keller RP, Garbach K (2016) Assessing the success of invasive species
prevention efforts at changing the behaviors of recreational boaters. J
Environ Manag 184:210–218

Coleman MJ, Sindel BM, van der Meulen AW, Reeve IJ (2011) The risks asso-
ciated with weed spread in Australia and implications for natural areas. Nat
Areas J 31:368–376

Converse PD, Wolfe EW, Huang X, Oswald FL (2008) Response rates for
mixed-mode surveys using mail and e-mail/web. Am J Eval 29:99–107

Cordeiro B,MarchanteH, Castro P,Marchante, E (2020)Does public awareness
about invasive plants pays off? An analysis of knowledge and perceptions of
environmentally aware citizens in Portugal. Biol Invasions 22:2267–2281

Daab MT, Flint CG (2010) Public reaction to invasive plant species in a dis-
turbed Colorado landscape. Invasive Plant Sci Manag 3:390–401

Duncan, CA (2008) Montana Weed Management Plan. Helena: Montana
Department of Transportation. 79 p

Eiswerth ME, Yen ST, van Kooten GC (2011) Factors determining awareness
and knowledge of aquatic invasive species. Ecol Econ 70:1672–1679

Gifford R, Nilsson A (2014) Personal and social factors that influence pro-envi-
ronmental concern and behaviour: a review. Int J Psychol 49:141–157

Table 4. Percent of respondents (n= 736–767 depending on the question)
indicating that an information method would be very effective for them
personally, with breakdowns by gender and age groups.a

Overall Male Female 18–39 40þ
Brochures distributed
with hunting/fishing
licenses

24 22 26 25 23

Noxious weed websites
(university, nonprofit,
agency)

22 21 22 20 22

Brochures distributed
with utility bills

20 17* 23* 21 19

Billboards 19 18 20 21 18
Public service
announcements on
television

19 17 22 21 18

Social media pages 19 15* 24* 31* 12*
Brochures distributed
with vehicle
registrations

18 12* 24* 18 18

Brochures distributed
at sporting goods/
outdoor shops

17 14* 20* 18 17

Seminars or workshops 16 18 15 16 17
Social media
advertisements

16 14 19 26* 11*

Public service
announcements on
radio

16 15 18 18 15

Information booths at
trade shows and
similar events

16 13* 19* 15 16

Brochures distributed
at feed or ag supply
stores

15 12* 18* 13 15

YouTube commercials
or short videos

12 12 12 16* 9*

Newspaper articles 12 8* 15* 8* 14*
Newspaper ads or
inserts

8 5* 11* 5* 10*

aThese percentages utilize the post hoc analytical weights. Information methods are listed in
descending order by overall percentage. An asterisk indicates that the difference across
gender or age categories is significant at the P≤ 0.05 level using a test for a difference in
proportions.

Table 5. Logistic regressions for predictors of ability to name a noxious weed.a

Independent variable
Specification

no. 1
Specification

no. 2

Seen hunting/fishing ads 0.63**
(0.24)

0.71**
(0.23)

Male −0.25
(0.22)

−0.11
(0.21)

Older (40þ) −0.52
(0.29)

−0.70*
(0.27)

Education level 0.17*
(0.07)

0.19**
(0.07)

Seriousness of problem 0.42**
(0.15)

0.66***
(0.14)

Self-reported knowledge 1.06***
(0.16)

Working outside frequency 0.18*
(0.08)

0.31***
(0.08)

Hiking frequency 0.26**
(0.09)

0.23**
(0.09)

Learned from local weed
district

0.79**
(0.26)

1.08***
(0.24)

Learned from family/friends 0.82***
(0.021)

0.91***
(0.20)

Constant −4.97***
(0.64)

−3.72***
(0.56)

aThe dependent variable is a binary indicator of whether the individual can (= 1) or cannot (=
0) name a noxious weed that appears on the official Montana list. The main numbers are
coefficients, with standard errors in parentheses. The number of cases for the first
specification is 712 and for the second is 714. Pseudo R2 for the first specification is 0.27 and
for the second is 0.21. Asterisks indicate significance at different levels with *P≤ 0.05;
**P≤ 0.01; ***P ≤ 0.001.

Table 3. Percent of respondents (n = 631) indicating that a source would be the
primary place they would look for information on noxious weeds, including
breakdowns by gender and age groups.a

Overall Male Female 18–39 40þ
Internet search 62 60 63 77* 55*
Local Extension office 13 11 13 4* 16*
Local weed district 12 14 10 5* 14*
Printed material
(books, magazines,
brochures)

7 8 6 7 7

Family/friends 3 3 4 4 3
Other 2 1 2 2 2
Social media (e.g.,
Facebook, Instagram)

1 1 2 1 1

Neighbors 1 2 0 0 1

aThese percentages utilize the post hoc analytical weights. Information sources are listed in
descending order by overall percentage. An asterisk indicates that the difference across
gender or age categories is significant at the P ≤ 0.05 level using a test for a difference in
proportions.

268 Mangold et al.: Noxious weed survey

https://doi.org/10.1017/inp.2021.35 Published online by Cambridge University Press

https://doi.org/10.1017/inp.2021.35
https://doi.org/10.1017/inp.2021.35


Guo Y, Kopec JA, Cibere J, Li LC, Goldsmith CH (2016) Population survey
features and response rates: a randomized experiment. Surveillance
106:1422–1426

Han R, Xu J (2020) A comparative study of the role of interpersonal com-
munication, traditional media and social media in pro-environmental
behavior: a China-based study. Int J Environ Res Public Health 17:
1883

Hine DW, Reser JP, Morrison M, Phillips WJ, Nunn P, Cooksey R (2014)
Audience segmentation and climate change communication: conceptual
and methodological considerations. WIREs Climate Change 5:
441–459

Howell AP, Shaw BR, Alvarez G (2015) Bait shop owners as opinion leaders: a
test of the theory of planned behavior to predict pro-environmental outreach
behaviors and intentions. Environ Behav 47:1107–1126

Jarreau PB, Altinay Z, Reynolds A (2015) Best practices in environmental com-
munication: a case study of Louisiana’s coastal crisis. Environ Commun
11:1–23

Kapler EJ, Thompson JR, Widrlechner MP (2012) Assessing stakeholder per-
spectives on invasive plants to inform risk analysis. Invasive Plant Sci
Manag 5:194–208

Kilian T, Hennigs N, Langner S (2012) Do Millennials read books or blogs?
Introducing a media usage typology of the internet generation. J Consum
Mark 29:114–124

Kotler P. Zaltman G (1971) Social marketing: an approach to planned social
change. J Marketing 35:3–12

Larson DL, Phillips-Mao L, Quiram G, Sharpe L, Stark R, Sugita S, Weiler A
(2011) A framework for sustainable invasive species management: envi-
ronmental, social, and economic objectives. J Environ Manag 92:14–22

Long JS, Freese J (2006) RegressionModels for Categorical DependentVariables
Using Stata. 2nd ed. College Station, TX: Stata Press. 527 p

Lubeck A (2018) Weed Control as a Collective Action Problem: Quantifying
Group Effects on Individual Behavior, and Clarifying the Theoretical
Frame. Master’s thesis. Missoula: University of Montana. 102 p

MarzanoM, DandyN, Bayliss HR, Porth E, Potter C (2015) Part of the solution?
Stakeholder awareness, information and engagement in tree health issues.
Biol Invasions 17:1961–1977

Montana Department of Agriculture (2017) Montana Weed Management
Plan. https://www.agr.mt.gov/_docs/weeds-docs/MT-Noxious-Weed-
Management-Plan–Update-2017.pdf. Accessed: August 20, 2021

Panetta FD, Scanlan JD (1995) Human involvement in the spread of noxious
weeds. Plant Prot Q 10:69–74

Reis CS,Marchante H, Freitas H,Marchante E (2013) Public perception of inva-
sive plant species: assessing the impact of workshop activities to promote
young students’ awareness. Int J Sci Educ 35:670–712

Seekamp E, Mayer JE, Charlebois P, Hitzroth G (2016a) Efforts of outreach on
the prevention of aquatic invasive species spread among organism-in-trade
hobbyists. Environ Manag 58:797–809

Seekamp E, McCreary A, Mayer J, Zack S, Charlebois P, Pasternak L (2016b)
Exploring the efficacy of an aquatic invasive species prevention campaign
among water recreationists. Biol Invasions 18:1745–1758

Sheley R, Jacobs JS, Floyd JW (1996) Noxious weed survey: awareness and atti-
tudes in Montana. Weed Technol 10:592–598

Steele J, Chandran RS, Grafton WN, Huebner CD, McGill DW (2006)
Awareness and management of invasive plants among West Virginia wood-
land owners. J Forest 104:248–253

Taylor Davis K, Brummer TJ, Taper ML, Wing A, Rew L (2012) Human-medi-
ated long-distance dispersal: an empirical evaluation of seed dispersal by
vehicles. Divers Distrib 18:942–951

Tidwell LS, BrunsonM (2008) Volunteering tomanage rangeland weeds: results
of a citizen survey in the southwestern United States. Rangelands 30:19–24

Werner CM, Sansone C, Brown BB (2008) Guided group discussion and atti-
tude change: the role of normative and informational influence. J Environ
Psychol 28:27–41

Witzling L, Shaw B, Seiler D (2016) Segmenting boaters based on level of tran-
sience: outreach and policy implications for the prevention of aquatic inva-
sive species. Biol Invasions 18:3635–3646

Wray-Lake L, Flanagan CA, Osgood DW (2010) Examining trends in adoles-
cent environmental attitudes, beliefs, and behaviors across three decades.
Environ Behav 42:61–85

Yung L, Chandler J, Haverhals M (2015) Effective weed management, collective
action, and landownership change in western Montana. Invasive Plant Sci
Manag 8:193–202

Invasive Plant Science and Management 269

https://doi.org/10.1017/inp.2021.35 Published online by Cambridge University Press

https://www.agr.mt.gov/_docs/weeds-docs/MT-Noxious-Weed-Management-Plan--Update-2017.pdf
https://www.agr.mt.gov/_docs/weeds-docs/MT-Noxious-Weed-Management-Plan--Update-2017.pdf
https://doi.org/10.1017/inp.2021.35



