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Abstract

There are limited educational opportunities regarding aquatic invasive species (AIS) manage-
ment that target laypersons. This is a significant gap, particularly as nonprofessionals are often
tasked with making decisions about whether and how to pursue AIS control efforts, for exam-
ple, through their roles in community lake associations. Thus, there is a need for educational
programs to help consumers of AIS management services, “do-it-yourself” lakeshore home-
owners, and other engaged nonprofessionals gain a stronger foundation in the science and prac-
tice of AIS management. We helped fill this unmet need through development of a new online
course, AIS Management 101, that targets lakeshore property owners, lake association mem-
bers, and other nonprofessionals engaged in AIS decisionmaking, seeking tomake them better-
informed consumers. The course covers concepts ranging from basic invasive species biology to
pesticide science, treatment evaluation, regulations and permitting, and nonchemical manage-
ment tools. Participants in the course demonstrated significant knowledge gains through check-
in and check-out knowledge assessments. Course participants also reported greater under-
standing of key issues pertaining to AIS management and application of this improved knowl-
edge to actual management decisions following completion of the course. While this program
focuses on management of aquatic invasive species, similar approaches could be applied to lay
audiences engaged in management of terrestrial invasive species or other natural resource
issues.

Introduction

Invasive species management education is most often targeted toward professionals and
licensed pesticide applicators. For example, 39% of forestland in the United States is noncom-
mercial, family-owned land (Butler et al. 2021), yet Clarke et al. (2019) found that nearly half of
surveyed family forest owners lacked confidence in their ability to manage invasive plants on
their land. There are few examples where invasive species management educational programs
are targeted toward stakeholders, consumers of management programs, or “do-it-yourself”
property owners—a population that is probably uniquely likely to cause unintended harm
(e.g., Church et al. 2012; Meyer et al. 2010; Weeks et al. 2020). There are even fewer examples
of consumer-level invasive species management education for aquatic environments; we iden-
tified only one documented in the literature (Weeks et al. 2020). While workshops and training
focusing on aquatic invasive species (AIS) have been offered for nonprofessionals, these tend to
focus on identification and surveillance efforts rather than management (Dits 2020; Herman
and Wickman 2016; Larkin et al. 2018; Russell 2020).

Despite the lack of available education for nonprofessional stakeholders, they are often
responsible for decision making around AIS management, including funding and contracting
control efforts and even implementing control themselves. The state of Minnesota (USA) is
home to more than 200,000 lakeshore property owners who collectively play a substantial role
in decision making regarding aquatic plant management in Minnesota lakes (Ibrahim et al.
2017; Payton and Fulton 2004). While manual removal is the most commonly reported control
type, herbicide use is prevalent; this is particularly true in the Twin Cities Metropolitan Region,
where 32% of lakeshore homeowners reported using herbicides for aquatic plant management.
The majority of those lakeshore landowners performed their own aquatic plant management,
with only 30% and 10% inside and outside the metro region, respectively, hiring professionals
(Payton and Fulton 2004). Where broader, lake-wide AIS management decisions are being
made, that is, beyond the scale of individual lakeshore properties, community-based organiza-
tions (lake associations) are a common nexus for management decision making; however, there
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is no expectation or requirement that lake association board mem-
bers have aquatic science or conservation-related expertise
(Ibrahim et al. 2017). Pesticide applicator licenses are not required
formost aquatic pesticides inMinnesota, though all chemical treat-
ments in public waters require permitting from the Minnesota
Department of Natural Resources (MNDNR; Minnesota Rules,
part 6280.0250).

An informed public is a critical component of invasive species
management. Lack of information, misinformation, and mistrust
have led to cases where management programs have been delayed
or halted due to pressure from local residents and organizations
(Bergquist 2014; Bertolino and Genovesi 2003; Legere 2019;
Williams 2019). Concerns have also been raised about the overuse
of herbicides and other control tools to achieve unrealistic goals in
invasive species management (Davis et al. 2011; Radomski and
Perleberg 2019). Communication about invasive species manage-
ment should provide a nuanced view that addresses both the
potential benefits of management and the potential negative
impacts, particularly harm to non-target native species and other
unintended consequences. Furthermore, communication should
engage a broad constituency in management decisions (Crowley
et al. 2017).

There is also risk, as for any consumers of technical services,
that those contracting AIS management lack sufficient under-
standing of the science to ensure they are contracting services that
are both (1) necessary and (2) have a high probability of achieving
desired management objectives. As with a car owner who lacks the
technical knowledge to evaluate the necessity of a repair recom-
mended by an automotive shop, nonprofessionals contracting
AIS control efforts may lack the confidence to decide whether a
proposed course of treatment is cost-effective, likely to succeed,
and appropriate for the situation.

Materials and Methods

Course Development

We identified the need for this online course through a develop-
mental evaluation framework (Patton 1994) focused on engaging

lake associations in invasive aquatic plant management monitor-
ing. After working with a local Minnesota lake group to pilot a
training program, we held a focus group with participants to elicit
feedback before developing the next stage of the program. This
feedback caused us to reconsider our plans and ultimately shift
our focus from a citizen-science approach to monitoring of AIS
management to a consumer-focused educational curriculum.

In particular, analysis of the focus group results revealed a strong
interest in learning more about AIS management and how permit-
granting authorities and applicators make their decisions. Focus
group participants wished to be more involved in decision making
around AIS management on their lake but felt they lacked the
knowledge to do so. They additionally expressed general distrust
of recommendations made solely by commercial applicators—out
of concern that applicators’ financial incentives could cause them
to advocate for more expensive treatment programs. They also
wanted to better understandwhy permitting agencieswere requiring
certain data or would not allow certain treatment programs.

Based on this developmental evaluation, we set out to create a
new course targeted toward laypersons with the following goals:

1. Provide foundational knowledge that empowers nonprofes-
sionals to become more involved in invasive species manage-
ment decisions and savvier consumers of AIS treatment
services.

2. Address concerns about the use of various management tools,
particularly the unintended consequences of chemical manage-
ment programs.

3. Encourage caution in embarking upon a management program
(whether using a hired professional or a do-it-yourself
approach), particularly for chemical management.

4. Help individuals understand why management outcomes may
fall short of expectations and why results can vary from year to
year or lake to lake.

5. Foster the setting of realistic expectations for outcomes of AIS
management programs in the context of long-term goal setting.

We developed this new, fully online course, called “Aquatic
Invasive Species Management 101,” from September 2018 to
May 2019, piloted it in the summer of 2019, revised it based on
feedback from pilot participants, and launched it fully in May
2020. The course was designed to include information relevant
to Minnesota and focuses on priority AIS for the state.
However, much of the content is applicable across a broader geo-
graphic scale, with the exception of state-level regulatory informa-
tion (and federal regulatory information for participants outside
the United States). We continue to make adjustments to the cur-
riculum based on participant evaluations of the course and feed-
back solicited on components that students find to be unclear.

Course Structure

The course is an asynchronous, online course hosted using the
learning management system Canvas (Instructure, Salt Lake
City, Utah, USA). It is offered annually in late winter to early
spring; however, the course was offered later in the year in 2020
(late spring to early summer) due to changes to our broader AIS
Extension program’s scheduling amid the COVID-19 pandemic.
Participants are given 6 wk to complete all course modules. The
course is intended to include approximately 8 h of content, though
the actual time to completion varies substantially across individ-
uals. A variety of interactive learning tools are incorporated,

Management Implications

An informed public is critical for sound invasive species manage-
ment. Stakeholder education can contribute to buy-in for manage-
ment activities requiring collective action (e.g., on public lands or
waters) and improve confidence and decision making for laypersons
involved in contracting or performing control efforts.
Nonprofessional stakeholders are uniquely involved in invasive spe-
cies management of lakes inmuch of the United States, but these indi-
viduals (e.g., community lake association members) typically lack
foundational training in the science andmanagement of aquatic inva-
sive species (AIS). Educational programs geared toward nonprofes-
sional stakeholders are an underutilized opportunity to improve
stakeholder understanding and engagement in invasive species man-
agement to ultimately create more successful management outcomes.
Improving availability and access to this kind of educational pro-
gramming can deepen stakeholder understanding of management
options, create more engaged and informed consumers of invasive
species management services, and provide “do-it-yourself” invasive
species managers with critically needed education.
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including expert videos, call-out boxes (specially formatted text
boxes to highlight key information), interactive and animated
images, group discussion forums, check-your-knowledge quizzes,
and course organization tools built into Canvas (e.g., “drawers”
and “call-out boxes”).

Participants first complete a check-in knowledge assessment to
unlock the modules. This assessment consists of 20 multiple-
choice, true–false, and matching questions, including “I don’t
know” answer options. Check-in knowledge assessment scores
and correct answers are not revealed at this point, as the same ques-
tions are repeated for a check-out knowledge assessment to quan-
tify student learning gains.

The course comprises seven modules: Aquatic Plant
Management, Other Aquatic Pests, Understanding Pesticides,
Pesticide Regulations, Other Types of Control, Evaluating
Management Effectiveness, and Taking a Long View (see Table 1
for module learning objectives). Each module encompasses a series
of pages that explain concepts within that topic area using the vari-
ous tools described earlier. Following each module, participants
complete a three-question check-your-knowledge quiz to reinforce
the concepts they learned and are then asked to participate in a dis-
cussion board. Discussion boards have prompts to (1) elicit qualita-
tive responses building on the concepts in the module, (2) ask
questions of the course instructors, and (3) flag concepts that remain
unclear. A detailed course outline is available in Supplementary
Appendix S1.

Upon completing all modules, participants retake the knowl-
edge assessment as a check-out test. A passing score is achieved
by answering 70% or more of the questions correctly.
Participants are permitted to retake the assessment up to 10 times
to improve their scores.Wemeasured knowledge gains by compar-
ing check-in and first-attempt check-out scores. We tested for sig-
nificant knowledge gains, and differences in knowledge gains
between cohorts (the year the course was taken), using a linear
mixed-effects model. Assessment score was the responsible

variable, with assessment stage (check-in vs. check-out) and year
as predictors, and an identifier for each student as a random-effects
intercept term to account for repeated measures. This model was
implemented using the nlme package in R v. 4.0.3 (Pinheiro et al.
2020; R Development Core Team 2020).

In addition to in-course assessments to measure knowledge
gains, we evaluated the course through two types of participant
surveys. The first survey was a postcompletion evaluation sent
to participants immediately after they submitted the check-out
assessment. This survey evaluated participants’ experience com-
pleting the online course, their self-perceived knowledge gains,
and their opinions on course strengths and weaknesses.
Quantitative questions were offered on a scale of 1 to 5, where 5
represented the top of the scale (i.e., most agreement, most under-
standing, best quality). The second survey was sent out in the fall
after course completion to learn whether and how participants
applied what they learned during the period when AIS manage-
ment is typically performed in Minnesota (late spring to early fall).
Timing of the second survey (late September to early October) was
intended to be late enough that most management actions for the
year would not be missed, but early enough that early-season man-
agement actions would not be forgotten by respondents. This left 3
and 5 mo between the course closing and the distribution of the
second survey for 2020 and 2021, respectively. We tested whether
the proportion of respondents who took action differed between
the 2020 and 2021 cohorts by using a Fisher’s exact test for count
data, which was also performed in R. We attempted to survey par-
ticipants who did not complete the course to learnmore about their
reasons for noncompletion but did not receive any responses from
this group.

Finally, we sought to measure the time students actually spent
on the course relative to our 8-h expectation. Canvas tracks the
time spent on course pages by each student; however, it does
not differentiate “active” time from unattended course pages being
left open. Thus, these data are inherently inflated, that is, the active

Table 1. Learning objectives for each of the seven modules presented in the course.

Module name Learning objectivesa

Aquatic Plant Management • Differentiate weeds from invasive plants
• Describe the jurisdictions and roles of the Aquatic Plant Management Program and the Invasive Aquatic Plant
Management Program within the Minnesota Department of Natural Resources

• Explain the impacts and origins of key aquatic invasive plants in Minnesota
Other Aquatic Plants • Explain the differences between pests and invasive species

• Describe origins and control options for invasive zebra mussels (Dreissena polymorpha Pallas) and rusty crayfish
(Faxonius rusticus Girard)

• Explain control options for intermediate hosts of the parasites that cause swimmer’s itch (cercarial dermatitis) and the
invasive fish, common carp (Cyprinus carpio L.)

• Articulate why chemical control may not be an effective means for managing swimmer’s itch
Understanding Pesticides • Explain what pesticides are

• Describe what factors can influence the effectiveness of a pesticide treatment
• List potential positive and negative outcomes from pesticide treatments

Pesticide Regulations • Explain if and when you need a permit for treatments
• Interpret the information on a pesticide label
• Explain the general regulatory process for a pesticide to become available for use

Other Types of Control • Explain how physical and biological control are used in aquatic plant management
• Describe the pros and cons of nonchemical control methods
• Describe examples of nonchemical control in purple loosestrife (Lythrum salicaria L.), Eurasian watermilfoil (Myriophyllum
spicatum L.), and starry stonewort [Nitellopsis obtusa (Desv. in Loisel.) J. Groves]

Evaluating Management
Effectiveness

• Articulate the importance of setting management goals when developing a treatment plan
• Determine what survey and monitoring methods would be most useful for evaluating management
• Describe how monitoring and reporting inform management decisions

Taking a Long View • Explain the importance of setting realistic goals for invasive species management
• Describe how invasive species management is a long-term endeavor

aEach learning objective indicates a skill the participant should be able to demonstrate upon completion of the module.
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time can be lower than the recorded value but not higher. We
downloaded time records for both cohorts, removed obvious out-
liers (>50 h) resulting from unattended pages, and calculated
median times for each cohort.

Results and Discussion

Knowledge Gains

Of the 138 total participants who enrolled in the course in 2020
(n= 81) and 2021 (n= 57), 112 completed the course, including
the check-out assessment. While only 32 participants who com-
pleted the course received a passing score on the check-in knowl-
edge assessment, most participants (n= 99) received a passing
score on their first attempts of the check-out assessment, and all
but one received a passing score on their final attempts. The
median number of check-out assessment attempts was 2, though
many participants who made multiple attempts received a passing
score on their first attempts (the median number of attempts to
pass was 1). Participants made significant improvements in their
scores (P < 0.0001) from their check-in assessments (2020 mean
± SE: 59.7 ± 1.8%; 2021: 55.2 ± 1.9%) to their first check-out
attempts (2020: 79.0 ± 1.1%; 2021: 77.7 ± 1.4%) (Figure 1); scores
were marginally higher in 2020 than 2021 (P= 0.089).

The check-in assessment indicated that participants came into
the course with a good understanding of basic concepts; for exam-
ple, many understood that aquatic plants often referred to as
“weedy” are critical components of lake ecosystems and that hav-
ing a good management plan can yield both financial and ecologi-
cal benefits. Questions most often answered incorrectly on the

check-in knowledge assessment related to regulatory issues and
more specific management questions, for example: “Which of
the following activities would require an Aquatic Plant
Management Permit from [MNDNR]?” or “Which of the follow-
ing is NOT something we have learned from robust long-term
monitoring of curly-leaf pondweed management?” Such questions
tended to show the greatest improvement between check-in and
check-out knowledge assessments. A full summary of results from
the check-in and check-out assessments is provided in
Supplementary Table S1.

Eighty-three of the 112 participants who completed the course
participated in the course evaluation, a 74% response rate.
Participants indicated an overall high level of understanding of
course content and satisfaction with the course. Most respondents
(77%) “strongly agreed” that they felt more knowledgeable about
AISmanagement. Participants were asked to indicate their levels of
understanding of seven key concepts from the course (regulations
and statutes related to aquatic plant management, methods for
managing other aquatic pests, how pesticides work, regulations
related to pesticides, other methods of controlling aquatic plants,
monitoring management effectiveness, long-term management
and monitoring). Mean ratings for these concepts were high, rang-
ing from 4.1 to 4.4 (with a value of 5 indicating “complete under-
standing”; Figure 2).

Applying Learning to Action

Fifty-two of the 112 participants who finished the course in 2020
and 2021 completed the end of season survey (a 46% response
rate). Most respondents (71%) indicated that they took some kind

Figure 1. Mean check-in and check-out assessment scores (± 1 SE) from both cohorts of participants who completed the course (2020 n= 81, 2021 n= 57). Seventy percent
(dashed line) was considered a passing score.
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of action during the summer based onwhat they learned during the
course. A somewhat higher proportion of respondents to the 2021
survey (88%) indicated they took some kind of action compared to

respondents of the 2020 survey (64%), but this difference was not
significant (P= 0.11). Figure 3 illustrates the reasons the remaining
15 respondents indicated that they did not take action. Of the

Figure 2. Mean self-reported ratings for level of understanding of seven primary course concepts from end of course surveys by participants who completed the AIS Management
101 course in 2020 and 2021 (n= 83). Rated on a scale of 1 to 5, with 5 indicating complete understanding.

Figure 3. Reasons given by participants for not taking action based on what they learned in the course (n= 15).
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respondents who indicated they acted based on what they learned
in the course, 38% did so in decision-making situations regarding
AIS management, 39% found applications for what they learned
outside AIS management, and 100% shared information they
learned with others—predominantly with members of a respon-
dent’s lake association or other neighbors on a lake. We also asked
participants if they planned to apply what they learned in the fol-
lowing season (some management decisions may have already
been made before participants completed the course, limiting their
ability to use their knowledge for same-year management actions);
85% of respondents indicated intent to use knowledge gains from
the course in the following year.

Emergent Themes

Qualitative assessment of the questions and responses in the group
discussion forums also revealed some consistent themes. Questions
from students in the pesticide modules commonly concerned
safety; in particular, a number of participants raised questions
around the use and continued registration of glyphosate as an
active ingredient, in light of lawsuits against the manufacturer of
Roundup® (Monsanto Company, Marysville, OH, USA 43041)
that received substantial media attention (Tauhata et al. 2020).
Additionally, there were numerous requests during the 2020
course for clarification regarding how one might choose between
alternative aquatic plant survey techniques that were discussed.
After updates to the course to provide more information on the
strengths and limitations of the different techniques, this question
was far less prevalent in 2021.

Participants consistently commented on the timing of the
course offering being critical for their participation and ability
to apply what they learned. The May to June schedule in 2020
was regarded as too late in the season, as many management deci-
sions had already been made, in particular for curly-leaf pondweed
(Potamogeton crispus L.), which is typically treated in early spring
in Minnesota (MNDNR 2015). The 2021 course began in March,
allowing more time for participants to apply what they learned to
that year’s management activities.

Course Structure

While our intent in designing the course was to create approxi-
mately 8 h of content, actual time spent by participants in the
course may have been longer. The median time spent in 2020
and 2021 was similar (9 h, 51 min, and 9 h, 21 min, respectively);
as noted earlier, both are likely overestimates. Actual time spent
after removing outliers ranged from just over 2 h to about 31.5
h. Course evaluation data did not indicate any pattern of dissatis-
faction regarding the length of the course.

Our use of a variety of tools to convey information was identi-
fied as a strength by participants in open-ended evaluation ques-
tions. Example responses from students asked to identify the
greatest strengths of the course included, “Great information, vari-
ety of learning presentations,” “Very good course. I really liked the
combination of written materials, videos, info from experts, cita-
tions for research papers, local news stories, etc.,” and “The varia-
tion of tools used to present the material.” In addition to their
qualitative responses, the mean responses to the Likert-scale
prompt, “effectiveness of images and visuals at conveying con-
cepts,” were 4.7 and 4.6 (with 5 indicating “most effective”) in
2020 and 2021, respectively. O’Bannon et al. (2017) found a sim-
ilarly positive response to interactive learning tools by students in a
K–12 teaching licensure course, and further demonstrated

improved learning results for students using interactive learning
tools rather than traditional lectures.

Reviewing learner comments and iteratively adjusting course
materials are critical components of effective online education
(Czerkawski and Lyman 2016). We asked participants to identify
the biggest areas for improvement within the course as an open-
ended question in the course evaluation. A clear trend emerged
in the 2020 cohort indicating the sound quality, for one expert
video in particular, was frustrating for students. The video issues
were addressed before the launch of the 2021 course, after which
we received fewer overall responses to that question and more
responses indicating no improvements to suggest.

While online course formats can present challenges for access
due to technological barriers, there are significant benefits to access
in other respects (Baldwin and Ching 2021). The online format
allowed us to reach participants across a broader geographic range,
both within and beyond the state of Minnesota, than has been our
experience for in-person workshops. Additionally, the online for-
mat allows Minnesotans who spend winter months in warmer cli-
mates—common in older “snowbird” populations—access to the
training despite its late-winter to early-spring offering. While we
did not ask students about accessibility related to physical limita-
tions, there also may be benefits in this regard.

Conclusions and Future Directions

Our results demonstrate significant knowledge gain by course par-
ticipants. Students reported high levels of understanding in all seven
topic areas related to AIS management and translated knowledge to
action by applying the concepts they learned. Additionally, partic-
ipants shared information they learned with others, especially fellow
lakeshore homeowners. These results and self-reported applications
are important outcomes toward creating amore informed consumer
base for AIS management. Over the last 20 yr, property owners in
Minnesota have implemented ~40% of permitted aquatic plant
management activities, with the remaining 60% being contracted
out to professionals (Hansen and Jorgenson 2018; McBride and
Jorgenson 2020). In addition, an unknown number have conducted
illicit aquatic plant management without a permit or performed
management not requiring a permit. The discrepancy between these
figures as reported to DNR and the self-reported numbers from
Payton and Fulton (2004) may indicate that activities not captured
by MNDNR’s reporting system are more likely to be performed by
the homeowner. Regardless, there are two main groups of individ-
uals who can benefit from this kind of educational opportunity: indi-
viduals contracting a professional management company (who can
be better informed consumers) and individuals conducting “do-it-
yourself” management activities (to instill more understanding of
regulations and the complexities of management in an aquatic envi-
ronment). Knowledge assessments and course evaluations showed
significant knowledge gains that can aid both groups of nonprofes-
sional stakeholders.

Due to substantial enrollment and the demonstrated need for
education like this, we will continue to offer the course annually,
targeting a February or March start date to maximize potential
benefits. The greater (albeit nonsignificant) proportion of 2021
participants who took action based on what they learned in the
course is consistent with the benefits of starting the course earlier
in the year. This timing is also supported by adult learning research
indicating that such “just-in-time” learning, where information is
presented shortly before the new skills are applied, is desirable for
adult learners and promotes knowledge retention. Bose (2012) and

46 Weber et al.: Informed management consumers

Downloaded From: https://complete.bioone.org/journals/Invasive-Plant-Science-and-Management on 11 Dec 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Rushby (2006) found that participants are more motivated by an
imminent need to use new skills, and minimizing the amount of
time between learning and application of new skills reduces loss
of information and reinforces learning through application to
real-life scenarios.

Both the course evaluation and end-of-season surveys included
an open-ended question asking participants what topics they
would like to learn more about. One frequent request was for
deeper learning on invasive species identification across a broader
range of taxa, which our team currently offers through a single-day
aquatic plant identification workshop and a more in-depth flipped
classroom training (Larkin et al. 2018) that serves as the entry point
for our AIS volunteer program. The most common request was for
more detailed information about the specifics of control techniques
for particular invasive species, notably Eurasian watermilfoil
(Myriophyllum spicatum L.) and P. crispus. These responses likely
reflect a desire to be in a better position to contribute to decision
making, a yearning that we noted during the focus group and that
represents a further opportunity for creating educational materials
for nonprofessionals.

While our program addresses aquatic invasive species in par-
ticular, invasive species management education for nonprofession-
als is likely to confer benefits in other systems. Additionally, despite
portions of the course focusing on information specific to
Minnesota, participants joining from outside Minnesota increased
from 7% in 2020 to 13% in 2021. While this may be attributable to
broader advertisement in 2021, it could also reflect a geographically
broader unmet need for this type of education. We encourage
organizations to consider incorporating more education pertain-
ing to management in their invasive species outreach efforts in
order to better equip nonprofessionals and community groups
tasked withmaking challenging invasive species management deci-
sions. Such education could further help with stakeholder buy-in
for invasive species management on public lands (Bremner and
Park 2007).

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/inp.2022.10
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