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Abstract

Course-based Undergraduate Research Experiences (CURESs) are widely regarded as a powerful
way to engage students in experiential learning that results in well-documented pedagogical
benefits. Much less appreciated, however, is the potential for CUREs to contribute long-term
data that advance scientific knowledge and management. By providing the first global synthesis
of CURES in ecology, we map the geography and temporal extent of CURESs, review the data
collected, highlight the benefits of these experiences to both students and instructors, explore the
challenges that instructors face to maintain these research opportunities, and offer perspectives
on how CURESs can more broadly contribute to science, management, and policy. To address
missed opportunities associated with CUREs, we highlight how existing networks and resources,
enhanced institutional support, and synergies with the broader science community can help them

achieve their full potential for contributing to both education and ecological science for society.

In a nutshell

e CUREs collect diverse environmental data over time scales comparable to long-term
ecological monitoring efforts.

e Instructors reported significant personal benefits to teaching CUREs, but modest
academic gains and insufficient financial and institutional support.

e Students were perceived to gain a suite of academic skills through CURESs, a heightened
understanding of the scientific process, and improved ability for collaboration.

e Most data collected by CURES are inaccessible to the scientific community.

e For CUREs to realize their potential, we recommend full democratization of CURE data
with online repositories, leveraging synergies with long-term ecological research and

citizen science initiatives, and higher levels of institutional support.
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Inquiry-based instruction is a fundamental science teaching strategy in higher education with
wide-ranging and well-recognized benefits (Schwab 1958; National Research Council 2012;
Eagan et al. 2013). This form of research-driven learning is viewed as a welcome departure from
education focused solely on content. It promotes engagement in the scientific process by
encouraging students to pose research questions, generate and analyze data, draw conclusions,
and communicate findings to diverse audiences. Teaching through inquiry is thought to foster
scientific literacy and has the potential to improve both student understanding of science and
engagement in science (Minner ef al. 2010).

Inquiry-based instruction typically occurs in one of two types: project-based
Undergraduate Research Experiences (UREs) occurring outside of curriculum requirements, or
Course-based Undergraduate Research Experiences (CURESs) (Linn et al. 2015). UREs are
considered apprenticeships where individual students spend multiple semesters in a research
laboratory receiving one-on-one mentoring. However, most institutions of higher education lack
the resources to involve all or even most undergraduates in URESs, and the structure of how
students are selected for these positions can also be exclusive and perpetuate inequities in the
research community (Auchincloss ef al. 2014; Bangera and Brownell 2014). CUREs, by contrast,
provide research opportunities and educational benefits to a broader number and diversity of
students (Auchincloss et al. 2014; Corwin et al. 2015). CUREs offer students opportunities to
develop their conceptual understanding by integrating lectures and readings with hands-on
research experiences (Shaffer et al. 2014) and can significantly influence their academic and
career paths (Eagan et al. 2013; Auchincloss et al. 2014).

Ongoing research focuses on the educational and psychosocial outcomes associated with
CUREs (e.g., Linn et al. 2015; Anderson et al. 2020). Much less appreciated, however, is the
potential for these efforts to contribute to greater and more widespread understanding of
ecological systems. Long-term environmental research is considered fundamental for testing and
developing theory, for understanding complex ecological and evolutionary patterns, and for
capturing non-stationary processes and ecological surprises, all of which are critical to inform
natural resource management and policy (Callahan 1984; Lindenmayer et al. 2010; Kuebbing et
al. 2018). In fact, the last decade has seen a rise in the number of synthesis centers that capitalize
on large ecological datasets, ranging in subject from the gene to the biosphere, to fuel

transdisciplinary collaborations (Hampton and Parker 2011; Baron et al. 2017). Many scientists
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and funding agencies approach long-term projects with trepidation because of perceived
financial and logistical obstacles. However, recent attention has focused on leveraging the
enthusiasm of students, and more broadly citizen scientists, to generate valuable long-term
environmental datasets (Dickinson et al. 2010; Hoopes ef al. 2013; Quinn 2015; Ryan ef al.
2017).

Given the seemingly widespread occurrence of CURESs across institutions of higher
education, we ask whether ecological and environmental data collected by undergraduate
students as part of course curricula represent a valuable, albeit underappreciated, contribution to
the natural sciences. By providing the first global synthesis of CUREs in ecology, we map the
geography and temporal extent of CURESs, review the data collected, highlight the benefits of
these experiences to both students and instructors, and explore the challenges that instructors
face to maintain these research opportunities. We then explore opportunities for the better
assimilation and dissemination of the vast data generated from CUREs, as well as call attention
to existing resources and networks for supporting CURE instructors. Finally, we share our
perspectives on how CUREs can more broadly contribute to science and management, including
through enhanced collaborations with existing Long-Term Ecological Research (LTER) and

citizen science initiatives.

A global survey of CURE instructors

We conducted a standardized online survey of CUREs involving the collection of ecological and
environmental data with the aim to gather information about their distribution and
characteristics, challenges in implementation, and the scientific opportunities and outcomes
associated with data collection for both students and instructors. The survey was targeted at
instructors from institutions of higher-education who are currently leading, or have led,
undergraduate student collection of ecological data through course-based activities. To reach
survey participants, we systematically searched for and contacted ecological scientific societies
(via e-mail and social media, if applicable) to request that the survey be announced to all society
members (see WebPanel 1 for details on survey deployment, and WebPanel 2 for the survey).
The invitation also included a request that society members forward the survey on to relevant
contacts and colleagues within their network. The final list included 103 ecological societies

located in 50 countries, and an additional 26 ecological societies with significant continental or
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international membership (WebTable 1). A summary of survey responses is presented in

WebPanel 3.

Widespread and diverse long-term data collection by CURESs

The distribution of CUREs is widespread, both geographically and ecologically (Fig. 1). The 132
respondents surveyed here were affiliated with at least 111 institutions of higher education in 31
countries. Through their work, at least 60,500 students have been involved in ecological data

collection across 220 field locations spanning most biomes on the planet.

P

(]
o®
Yearly number
of students
W @
‘.\_/r
10 50 100
Biome (% of sites) &)
Inland water (44) Forest (22) Shrubland (3) Caves & Subterranean habitat (0.5)
@ Marine (14) Introduced vegetation (2) Native grassland (3) Other (3)
Artificial - aguatic (4) Savanna (3) Artificial - terrestrial (3)

Figure 1. Global distribution of ecological field data collection through course-based
undergraduate research experiences. Point colors show the biome of the field sites (n,=220)
associated with CUREs (ncyres=115, some CUREs were associated with multiple field sites, and 17 out of
132 respondents did not provide site locations), and point sizes reflect the yearly student enrollment

participating in data collection. The percentages of sites per biome do not add up to 100 due to rounding.

The wealth of data collected through CUREs represents an ecological record of global
significance, further underlining their scientific and educational value (Fig. 2A). Nearly all

(99%) CURES surveyed here collected biological data, including information on the occurrence,

5
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abundance, density, or biomass of one or more plant or animal species (95%). More than half of
field excursions involved the simultaneous collection of biological, physical, and chemical data,
with each investigating an average of three biological, five physical, and five chemical variables.

In total, the respondents reported nearly 15,500 days of data collection.

A. Data collected B. Duration .
100 c ' g
Biological » £
75 5 151 ® =
N [0y =
# variables/CURE > ==
50 = —
- = —
c 10{84%8 =
25 S 101§ =
Q (0}
0 Q =
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attributes behavior/ Molecular
physiology 51 (@)
100 (g
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75 14 (g
A"? 0T 5
50 .A o022 888223183 3
" dw Number of years R
OTemp Habitat Veg. Water Hydrol. Soil Depth Topo. Light Humidity Wind Radia. Precip. Other Sound
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100 .
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75 if
% [ %
25 q‘ =
0 m
EC/ pH DO/ N P Alka. CO,? Cl| Other Ca Fe KPollutantMg H S Al g_
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999 | < o
=T CURE duration =

Data type L—\ L no‘—\ (vears) o 19 20 30 40 50
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Figure 2. Types and duration of ecological field data collected by course-based
undergraduate research experiences (n=132 CUREs). (A) Histograms indicate the percentage of
surveyed CURE:s collecting each variable by data type (biological, physical, or chemical), pie charts
indicate the number of variables by data type per CURE, and the classification tree shows the % of
CUREs collecting different combinations of data types. (B) The colored bar chart shows the start and end

year of field data collection across all CUREs and the inset (grey) histogram shows the distribution of
CURE durations.

Our study confirms that CUREs offer opportunities for longer-term data collection
(Quinn 2015). Being embedded in a standard educational curriculum can afford CUREs relative
stability over time (Fig. 2B). More than a fifth of the CUREs documented through this study

have collected datasets exceeding 15 years, with a median and maximum duration of 7 and 59
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years, respectively. By comparison, the median time since establishment of the 733 sites in the
International Long Term Ecological Research (ILTER, Mirtl ef al. 2018) network is 24 years,
and a quarter have been established for 14 years or less (as of 2018 at the time of the survey; year

of establishment retrieved from the ILTER data repository API at https://deims.org/; Wohner et

al. 2019). The duration and scope of data collection by CUREs creates the potential to

meaningfully contribute to long-term ecological research.

CURE:S benefit students and instructors, but are associated with significant challenges
Benefits of implementing CUREs

Respondents strongly agreed that both students and instructors benefit from participating in
CUREs in terms of personal growth (Fig. 3). Over 95% of instructors moderately to strongly
agreed that students likely benefitted from collecting and analyzing ecological data by
developing a heightened awareness of the natural world, an increased interest in the topic area,
and deepened relationships with classmates. By contrast, few instructors found that CUREs
allow students to network with scientists, with over half (58%) reporting little to no networking
benefits. Students were also reported to gain a suite of academic skills, both hard and soft. The
most noticeable gains in terms of hard skills were increased fluency in field sampling (average
score = 2.6 out of 3.0, based on a Likert scale from 0 “no gain” to 3 “high gain”) and data
analysis (2.3). In terms of soft skills, students were perceived by instructors to grow most in their
understanding of the scientific process (2.4) and ability to perform collaborative research (2.3).
However, instructors reported varied skill gains in laboratory methods (1.9), scientific writing
(1.8) and public speaking (1.5), presumably due to our focus on field-based CUREs. We
acknowledge that these results reflect the instructors’ perceptions of benefits to students rather
than the perception of students themselves, which we recognize is highly valuable. However, the
multifaceted goal of our survey required that we target instructors. Moreover, our results are
consistent with student-oriented studies that found increased long-term interest and connection
with research associated with participation in CURE:s. For instance, CURESs facilitate stronger
research connections as a result of greater ownership in data collection and analysis (Corwin et
al. 2018; Cooper et al. 2020), better understanding of the scientific process (Olimpo et al. 2016),

and increased opportunities to engage with an instructor and classmates (Quinn 2015). In this
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way, CUREs may also play a significant role in (re-)establishing connections with nature that

facilitate long-term environmental engagement and conservation advocacy (Mitchell ef al. 2017).
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Figure 3. Benefits to students and instructors from participating in and teaching CUREs,

respectively, as perceived by current and past instructors (n = 132).

Instructors were nearly unanimous in reporting high to moderate personal benefits from
mentoring students (2.4), and the inspiration (2.7) that comes with teaching a class involving
ecological data collection. CUREs also often sparked new ideas for future projects (2.1). Of
those instructors that have organized CURE field excursions for more than five years, close to
half (45%) have also used the class data for other projects. For example, more than a quarter of
CURE:s surveyed here have helped inform a management or conservation outcome, led to
environmental outreach, or supported other long-term data collection efforts (see Fig. 4 for

examples). Further, 19% of surveyed instructors reported publishing peer-reviewed articles based
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on CURE field data for a total of 67 publications, of which a high proportion (74%) involved
students. Generally speaking, these results align with a qualitative study of faculty perspectives
by Shortlidge e al. (2016), where high percentages of instructors reported personal enjoyment,
expanded research ideas and publications as benefits of teaching CUREs.

With respect to personal benefits, CURE instructors reported only modest academic
gains. Most respondents (56%) reported earning little to no peer recognition (1.2) or career
advancement (1.0) from teaching a CURE (Fig. 3). This result presents a troubling contrast with
Shortlidge ef al. (2016), who reported that more than two-thirds of instructors agreed that
teaching a CURE could contribute to promotion or tenure — although this discrepancy may be
explained, at least in part, by the high levels of institutional or structural support reported in their

study (discussed more below).

ECONT | 15 students Inland Water Ecology
Universidade Federal do Estado v
- do Rio de Janeiro | 2000 - Present ¢ \1}‘\
b ol Topic| Limnological monitoring of hypertrophic lagoon
t ’ Findings & contributions| First reported occurrence

of cladoceran Moina dumonti in S. Am. (published by
students). Park administrators ask for help when
management problems occur.

Field notes| "Local alligators are fond of sampling
buckets because residents throw leftovers in similar

| containers, they raise their tails on approach to appear
“ bigger. Capybaras, by contrast, are always friendly."

Population &
Community Ecology Lab v
.~/ University of California, Irvine (UCI)

f 2017 - Present

Topic| Monitor distributions of coastal marine species

&~ Findings & contributions| Evaluating patterns and
consequences of native and non-native range shifts
under climate change.

Field notes | "If a picture is worth 1,000 words,
imagine what a day in the field is worth. Funding from
CUREnet and the UCI writing center allowed us to
involve graduate students as research mentors and
evaluate impacts of mentoring on CURE students."

Widlife Ecology and
=x2 Management
SUNY, Plattsburgh | 2013 - Present

Topic| Investigate effect of urbaniza-
" tion on the population structure of freshwater turtles

Findings & contributions| First reported occurrence
of several rare or non-native turtle species in study
sites. Contribute to nation-wide research project.

| Field notes| "The TurtlePop project was organized
through the Ecological Research as Education Network
(EREN) with CUREs from 11 states using standard
protocols and data analysis, and receiving training via
hands-on workshops, videos, and manuals."

Figure 4. CUREs contribute to education, environmental science and management.
Photographs credits and associated publication: Christina Castelo Branco, Da Silva Farias et

al. 2017 (top),; Cascade Sorte (middle); and Danielle Garneau, Bowne et al. 2018 (bottom).
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Challenges to implementing CURESs

Several widespread challenges were reported in implementing or sustaining CUREs (Fig. SA).
Most instructors reported insufficient financial and institutional support (e.g., lack of technicians,
teaching assistants, academic recognition) as their two top challenges, followed by a lack of time
to invest in the course. These difficulties are likely what led instructors to enlist outside help:
while 51% of CUREs were entirely financed by their university or academic department, the
remaining relied at least partially on additional fees paid by students (34%), personal funds
contributed by the instructors (13%), and funds from an outside organization that included other
universities, government agencies, and citizen science groups (10%). Beyond financial support,
nearly half of CUREs also depended on an outside organization for logistical assistance,
including access to field locations, staff, and equipment. These findings reflect the logistical
complexity, additional instructor time, and higher costs that are often cited as a hurdle to
implementing CURESs as compared with standard courses in ecology (Quinn 2015; Shortlidge et
al. 2016). Our survey therefore suggests that, despite the well-documented pedagogical benefits
of CURES, standard institutional support is a consistent challenge to implementing and
sustaining them.

Beyond benefits to students and instructors, the potential for CUREs to contribute more
broadly to science and management largely resides in reliable access to datasets and publication
of CURE-based research. Despite this, instructors in our survey reported that their ecological
data are rarely shared and are vulnerable to being lost or destroyed. Only 28% of respondents
currently share data collected as part of a CURE (Fig. 5B). Of these, most datasets are available
only upon request, with varied conditions of use including authorship (30%) or
acknowledgement (19%). Encouragingly, one third of those who do not currently share data are
willing to make them openly available online, the majority of which (89%) requiring at least an
acknowledgement or citation, and half (49%) requiring authorship.

The lack of accessibility of CURE data partly compounds their vulnerability to being
pushed to obscurity. As previously discussed, 19% of respondents had published peer-reviewed
articles based on CURE collected data, indicating the potential for CURE data to routinely
contribute to broader research knowledge. However, difficulties in synthesizing and analyzing
CURE data were commonly reported. A main challenge identified by instructors was inputting

the raw field data into a database (48%). Furthermore, more than half (54%) of instructors

10
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reported having data archived only locally either as hard copies or on local computer storage; an
additional 11% have not analyzed the samples or archived data. Temporal or spatial gaps in data
collection were also frequently cited (46% of respondents) as an analytical challenge. Gaps were
typically due to logistical difficulties in implementing the protocol (e.g., weather, safety
concerns, 64%), staff or funding shortages (33%), or a lack of instructor time (31%). It is worth
noting, however, that only a third of the surveyed CUREs reported gaps amounting to more than
10% of the study period. Finally, respondents listed low confidence in data quality (60%), class-
specific design (70%), and lack of time (41%) as the primary reasons for not using the data

outside of class-based projects.

A. Challenges B. Data sharing
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Figure 5. Challenges and data sharing practices reported by past and current CURE
instructors (n = 132). (A) Main challenges in teaching a CURE reported by instructors. The numbers
in black are the average scores based on a Likert scale from “definitely not” (-2) to “definitely yes” (2).
(B) Levels of CURE data sharing by instructors; the top-right histogram shows the levels of sharing for
instructors that currently share data; the bottom-right histogram shows the levels of sharing at which

instructors who do not currently share data would be willing to share.
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Perspectives on ensuring the scientific value and sustainability of CUREs

CURESs require careful implementation, robust institutional backing, and support from the
broader science community to achieve both educational and scientific goals. Instructors are
responsible for the educational experience of students and the maintenance of collected data, yet
the burden of realizing the dual potential of CUREs to both educate students and advance
ecological knowledge cannot fall on instructors alone. Networks and published guidance can
assist instructors with launching and maintaining a CURE (Quinn 2015; Govindan et al. 2020,
Table 1), but a suite of additional actions is necessary to ensure its value in supporting scientific
research and management.

Leveraging existing frameworks and resources may help instructors design and
implement CUREs more easily and efficiently, and support democratizing the collected data.
Existing networks of CURE instructors such as the Ecological Research as Education Network
(EREN) and CUREnet (Table 1) provide networking opportunities, project ideas, course
material, and other practical advice to design and sustain CUREs. As open science continues to
be promoted in the ecological sciences, equipping students with the skills required for data
sharing as part of the course curriculum is critical (Hampton ez al. 2013). Data repositories
hosted by CURE networks provide low-barrier opportunities to archive and pool collected data
among instructors while generalized data repositories (e.g., Dryad, figshare, Environmental Data
Initiative) can be leveraged to connect and share data more broadly (Table 1). Journals
specializing in the publication and description of datasets also offer a way to cite and credit
dataset authors, combining open-access with peer-review and citation tracking (Walters 2020).

Along with networking opportunities and published guidance that assist instructors, we
urge established networks of CURE instructors to continue advocating for increased institutional
support. Increased support in the form of time, funding, and recognition can help alleviate the
individual burden assumed by instructors to ensure CURE longevity and impact, including
archiving data in publicly accessible data repositories with standardized metadata (Fegraus et al.
2005; Karasti et al. 2006; Jones et al. 2019). Individual researchers remain reluctant to develop
CURES because their professional success depends on producing publications at high frequency
and on shorter-time frames (Kuebbing et al. 2018, sece WebPanel 4 for comments by surveyed

instructors). Establishing or maintaining a CURE warrants institutional recognition as mentoring,
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teaching and research, and should be valued for academic promotion and tenure (Morrison et al.
2019).

In evaluating the potential of CUREs to advance scientific research, we find strong
convergence with two practices in ecology: long-term ecological research (LTER) and citizen
science. Survey respondents emphasized similar challenges in implementing CUREs as have
been identified in LTER. Common challenges include maintaining resources and research focus
over time, and reconciling the value of long-term investment with institutional and professional
rewards for short-term outcomes (Kuebbing et al. 2018). CURE instructors can leverage the
structure and consistency of data collection protocols developed by LTER observatories with
minimal time investment, while expanding and using datasets that promote student learning,
analysis, and publication (Langen ef al. 2014). One of at least three existing networks to promote
and facilitate CUREs (Table 1) is already associated with two well-established LTER
observatories: the U.S. National Ecological Observatory Network and the Global Lake
Ecological Observatory Network. Some LTER networks even provide ready-made teaching
modules (e.g., https://www.neonscience.org/resources/learning-hub/teaching-modules) that
emphasize the analysis of long-term, high-frequency, and sensor-based datasets, which is
especially needed to equip the next generation of ecologists with the quantitative literacy to enter
the era of ecological big data (Langen et al. 2014; Klug et al. 2017). Simultaneously, LTER
stands to gain through broadened exposure, new or expanded data collection, and value-added
contributions to undergraduate education and training.

We also found that CUREs share many challenges and opportunities with community-
based monitoring and citizen science initiatives. Citizen science is similarly tasked with the
creation of meaningful research and protocols that can be implemented with consistency over
time and by diverse practitioners. Surveyed CURE instructors reported challenges in consistent
implementation of protocols by students, leading at times to low confidence in data quality. This
is also a common problem in community-based and citizen science projects, leading to the
development of mitigating processes and techniques (Dobson et al. 2020). Like CURE
instructors, citizen science practitioners must also find ways to manage, archive, and publicize
data (i.e., via analysis and publication of research or data) that may be collected over long time
periods (Quinn 2015; Ryan et al. 2017). Citizen science platforms may offer features that can

help instructors implement CUREs more efficiently and sustainably (Table 1). For example,
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CURE:s could be designed around existing citizen science projects (e.g., Rowland et al. 2016), or
students could collect and contribute observations to global datasets (e.g., eBird or iNaturalist).
The benefits of this approach for instructors include access to larger datasets and less time spent
developing protocols and creating systems to archive and manage data — although additional
considerations regarding the learning outcomes of the class would be required (Mitchell ef al.
2017).

Alongside collaborating with and leveraging strategies from successful LTER and citizen
science programs, instructors and students could benefit from the support of the global science
community. For example, there is opportunity for those with robust open science backgrounds to
strengthen networks and establish tools for integrating data across globally dispersed projects
and platforms. CURE repositories from independent projects worldwide, similar to the one
hosted by EREN, could also be included within a repository network like DataONE
(https://www.dataone.org/) in order to bolster their visibility and prompt collaborations.
Alternatively, national CURE networks could be expanded or launched to connect with
international long term monitoring efforts (e.g., ILTER https://www.ilter.network/). When
buttressed through networks, institutional support, and the broader science community, the
many-fold benefits of CURESs such as training the next generation of scientists, making
environmentalists of students, and providing data for research on crucial global processes cannot

be understated.

Leveraging CURES to advance science, management, and policy

CUREs are fostering the next generation of science professionals through their unique
ability to include more students in experiential learning (NAS 2017). The technical skills and
research experiences that students gain in the field, reported by our survey participants and
across other studies, translate to intrinsic benefits such as increased scientific identity, perception
of research ability, and emotional attachment to research (Cooper et al. 2020). Such intrinsic
value associated with participation in CUREs promotes students’ persistence in scientific fields,
chance of graduating with a science degree, and intention to pursue a research-related career
(NAS 2017; Hanauer et al. 2017; Corwin et al. 2018). Because CURESs reach more students than
URESs while providing similar benefits, they increase the diversity and recruitment of graduates

to meet the demands of the scientific workforce (Bangera and Brownell 2014; Hernandez et al.
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2018). The role of CURESs in supporting more inclusive retention and recruitment of students to
scientific careers alone should garner more institutional support and encourage broader
implementation.

In addition to training students to become well-prepared scientists, CUREs are poised to
contribute multiple benefits to ecological science by generating valuable long-term datasets that
provide insight into ecological phenomena. A quarter of the CUREs we surveyed have already
informed management or conservation actions, or contributed to ongoing long-term data
collection efforts; a fifth have led to peer-reviewed articles. These results are indicative of the
potential for CURESs to be more broadly integrated into the knowledge-generating process of
research and subsequent management efforts in ecology. With sufficient support from their
respective institutions, instructors and students can transfer the valuable research output
generated by CURES to the broader scientific community.

Finally, CURESs are comparable to other long-term ecological research practices in their
potential to inform management and policy. The relative stability of CUREs afford them
sufficient longevity to detect long-term trends and assess drivers of environmental change (White
2019; Cusser et al. 2021). Understanding such trends can disproportionately contribute to
science-based management actions and shape policy discussions (Hughes et al. 2017). These
contributions are unlikely to be reported outside survey tools or may be difficult to identify
through typical keyword searches in publication databases. Additionally, data from CUREs may
be subject to negative perceptions of reliability which could limit their application to decision-
making (Kosmala et al. 2016; Lee et al. 2020). Continued use and development of best practices
in data collection, management and archiving will only serve to facilitate greater confidence in
CURE-generated data. By utilizing existing research structures, democratizing collected data and
publishing research findings, CUREs can simultaneously provide robust science and train the
next generation of scientists needed to tackle the grand environmental challenges faced by

society.

15



Page 17 of 78

374

375
376
377
378
379
380
381

382

383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403

Frontiers in Ecology and the Environment

Acknowledgements

We thank all CURE instructors that participated in our survey and for giving students the
opportunity to experience ecology in the field. We are also grateful to Thomas Quinn and
Gongalo Ferraz for reviewing the survey; Erika Rubenson for her input, and Cascade Sorte,
Christina Castelo Branco and Danielle Garneau for information and photographs of their
CURESs. This work was supported by the University of Washington H. Mason Keeler Endowed
Professorship award to JDO, McGill University Tomlinson Doctoral Fellowship and H,O’Lyon
Doctoral Fellowship (ANR-17-EURE-0018) awarded to MLM.

References

Anderson LJ, Dosch JJ, Lindquist ES, ef al. 2020. Assessment of student learning in
undergraduate courses with collaborative projects from the Ecological Research as
Education Network (EREN). Scholarsh Pract Undergrad Res 4: 15-29.

Auchincloss LC, Laursen SL, Branchaw JL, et al. 2014. Assessment of course-based
undergraduate research experiences: a meeting report. CBE—Life Sci Educ 13: 29-40.

Bangera G and Brownell SE. 2014. Course-based undergraduate research experiences can make
scientific research more inclusive (G Hatfull, Ed). CBE—Life Sci Educ 13: 602—6.

Baron JS, Specht A, Garnier E, ef al. 2017. Synthesis centers as critical research infrastructure.
Bioscience 67: 750-9.

Bowne DR, Cosentino BJ, Anderson LJ, ef al. 2018. Effects of urbanization on the population
structure of freshwater turtles across the United States. Conserv Biol 32: 1150-61.

Callahan JT. 1984. Long-term ecological research. Bioscience 34: 363-7.

Cooper KM, Knope ML, Munstermann MJ, and Brownell SE. 2020. Students who analyze their
own data in a Course-based Undergraduate Research Experience (CURE) show gains in
scientific identity and emotional ownership of research. J Microbiol Biol Educ 21.

Corwin LA, Graham MJ, and Dolan EL. 2015. Modeling course-based undergraduate research
experiences: An agenda for future research and evaluation. CBE Life Sci Educ 14: 1-13.

Corwin LA, Runyon CR, Ghanem E, et al. 2018. Effects of discovery, iteration, and
collaboration in laboratory courses on undergraduates’ research career intentions fully
mediated by student ownership. CBE—Life Sci Educ 17: ar20.

Cusser S, Helms J, Bahlai CA, and Haddad NM. 2021. How long do population level field

16



404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434

Frontiers in Ecology and the Environment Page 18 of 78

experiments need to be? Utilising data from the 40-year-old LTER network (J Chase, Ed).
Ecol Lett 24: 1103—-11.

Dickinson JL, Zuckerberg B, and Bonter DN. 2010. Citizen science as an ecological research
tool: challenges and benefits. Annu Rev Ecol Evol Syst 41: 149-72.

Dobson ADM, Milner-Gulland EJ, Aebischer NJ, et al. 2020. Making messy data work for
conservation. One Earth 2: 455-65.

Eagan MK, Hurtado S, Chang MJ, et al. 2013. Making a difference in science education: the
impact of undergraduate research programs. Am Educ Res J 50: 683—-713.

Fegraus EH, Andelman S, Jones MB, and Schildhauer M. 2005. Maximizing the value of
ecological data with structured metadata: an introduction to Ecological Metadata Language
(EML) and principles for metadata creation. Bull Ecol Soc Am 86: 158—68.

Govindan B, Pickett S, and Riggs B. 2020. Fear of the CURE: a beginner’s guide to overcoming
barriers in creating a course-based undergraduate research experience. J Microbiol Biol
Educ 21.

Hampton SE and Parker JN. 2011. Collaboration and productivity in scientific synthesis.
Bioscience 61: 900-10.

Hampton SE, Strasser CA, Tewksbury JJ, ef al. 2013. Big data and the future of ecology. Front
Ecol Environ 11: 156-62.

Hanauer DI, Graham MJ, Betancur L, et al. 2017. An inclusive Research Education Community
(IREC): Impact of the SEA-PHAGES program on research outcomes and student learning.
Proc Natl Acad Sci U S A 114: 13531-6.

Hernandez PR, Woodcock A, Estrada M, and Schultz PW. 2018. Undergraduate research
experiences broaden diversity in the scientific workforce. Bioscience 68: 204—11.

Hoopes MF, Marsh DM, Beard KH, et al. 2013. Invasive plants in wildlife refuges: coordinated
research with undergraduate ecology courses. Bioscience 63: 644-56.

Hughes BB, Beas-Luna R, Barner AK, et al. 2017. Long-term studies contribute
disproportionately to ecology and policy. Bioscience 67: 271-81.

Jones MB, O’Brien M, Mecum B, et al. 2019. Ecological metadata language version 2.2. 0
Viewed

Karasti H, Baker KS, and Halkola E. 2006. Enriching the notion of data curation in e-Science:

Data managing and information infrastructuring in the Long Term Ecological Research

17



Page 19 of 78

435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465

Frontiers in Ecology and the Environment

(LTER) network. Comput Support Coop Work 15: 321-58.

Klug JL, Carey CC, Richardson DC, and Darner Gougis R. 2017. Analysis of high-frequency
and long-term data in undergraduate ecology classes improves quantitative literacy.
Ecosphere 8: ¢01733.

Kosmala M, Wiggins A, Swanson A, and Simmons B. 2016. Assessing data quality in citizen
science. Front Ecol Environ 14: 551-60.

Kuebbing SE, Reimer AP, Rosenthal SA, ef al. 2018. Long-term research in ecology and
evolution: a survey of challenges and opportunities. Ecol Monogr 88: 245-58.

Langen TA, Mourad T, Grant BW, et al. 2014. Using large public datasets in the undergraduate
ecology classroom. Front Ecol Environ 12: 362-3.

Lee KA, Lee JR, and Bell P. 2020. A review of Citizen Science within the Earth Sciences:
potential benefits and obstacles. Proc Geol Assoc 131: 605-17.

Lindenmayer DB, Likens GE, Krebs CJ, and Hobbs RJ. 2010. Improved probability of detection
of ecological “surprises.” Proc Natl Acad Sci U S A 107: 21957-62.

Linn MC, Palmer E, Baranger A, et al. 2015. Undergraduate research experiences: impacts and
opportunities. Science (80- ).

Minner DD, Levy AJ, and Century J. 2010. Inquiry-based science instruction-what is it and does
it matter? Results from a research synthesis years 1984 to 2002. J Res Sci Teach 47: 474—
96.

Mirtl M, T. Borer E, Djukic I, et al. 2018. Genesis, goals and achievements of Long-Term
Ecological Research at the global scale: A critical review of ILTER and future directions.
Sci Total Environ 626: 1439-62.

Mitchell N, Triska M, Liberatore A, et al. 2017. Benefits and challenges of incorporating citizen
science into university education (FJ van Rijnsoever, Ed). PLoS One 12: e0186285.

Morrison JA, Barthell JF, Boettcher A, ef al. 2019. Recognizing and valuing the mentoring of
undergraduate research, scholarship, and creative activity by faculty members: workload,
tenure, promotion, and award systems. CUR White Paper No. 2.

National Academies of Sciences Engineering and Medicine. 2017. Undergraduate research
experiences for STEM students: successes, challenges, and opportunities. Washington, DC:
National Academies Press.

National Research Council. 2012. Discipline-based education research: understanding and

18



466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494

Frontiers in Ecology and the Environment

improving learning in undergraduate science and engineering (SR Singer, NR Nielsen, and
HA Schweingruber, Eds). Washington, DC: The National Academies Press.

Olimpo JT, Fisher GR, and DeChenne-Peters SE. 2016. Development and evaluation of the
Tigriopus course-based undergraduate research experience: impacts on students’ content
knowledge, attitudes, and motivation in a majors introductory biology course. CBE—Life
Sci Educ 15: ar72.

Quinn TP. 2015. Turning class field trips into long-term research: a great idea with a few pitfalls.
Fisheries 40: 65-8.

Rowland K, Lovelace MJ, Saunders MJ, et al. 2016. Citizen Science: the Small World Initiative
improved lecture grades and California critical thinking skills test scores of nonscience
major students at Florida Atlantic University. J Microbiol Biol Educ 17: 156—62.

Ryan WH, Gornish ES, Christenson L, et al. 2017. Initiating & managing long-term data with
amateur scientists. Am Biol Teach 79: 28-34.

Schwab JJ. 1958. The teaching of science as inquiry. Bull At Sci 14: 374-9.

Shaffer CD, Alvarez CJ, Bednarski AE, et al. 2014. A course-based research experience: How
benefits change with increased investment in instructional time. CBE Life Sci Educ 13: 111—
30.

Shortlidge EE, Bangera G, and Brownell SE. 2016. Faculty perspectives on developing and
teaching course-based undergraduate research experiences. Bioscience 66: 54—62.

Silva Farias D Da, Elmoor-Loureiro LMA, and Castelo Branco CW. 2017. First record of Moina
dumonti Kotov, Elias-Gutiérrez & Granado-Ramirez, 2005 (Branchiopoda: Anomopoda) in
Brazil. Check List 13: 1.

Walters WH. 2020. Data journals: incentivizing data access and documentation within the
scholarly communication system. Insights UKSG J 33.

White ER. 2019. Minimum time required to detect population trends: the need for long-term
monitoring programs. Bioscience 69: 40—6.

Wohner C, Peterseil J, Poursanidis D, ef al. 2019. DEIMS-SDR — A web portal to document

research sites and their associated data. Ecol Inform 51: 15-24.

19

Page 20 of 78



Page 21 of 78

496

Frontiers in Ecology and the Environment

Table 1. Available resources to support current and prospective CURE instructors.

Type

Resource

Features to support CUREs

CURE network

CUREnet

Ecological Research as
Education Network
(EREN)

Undergraduate Field
Experiences Research
Network (U-FERN)

- National network to share information, opportunities, and

best practices for CUREs

Training (e.g., CURE Institutes) for instructors to implement
CUREs

Curated collection of CURE projects that can be
implemented locally

Ecological research and education network aimed at
primarily undergraduate institutions

Curated collection of CURE projects that can be
implemented locally

Data repository and sharing platform

Strong links with national monitoring efforts (e.g., NEON,
GLEON)

Collaborative network focused on fostering effective
undergraduate field experiences by identifying and sharing
evidence-based practices

Interdisciplinary network promoting inclusive research
experiences

Citizen science project
finders

Zooniverse, SciStarter

Platform to engage a broader community in research
projects

Development of protocols using citizen-science based
platforms may address need to rapidly train students
Fosters a strong community of practice in support of project
sustainability

Crowdsourced data

eBird, iNaturalist

Offers existing standards (e.g., BioBlitz) for data collection
and submission

Data archiving and sharing is immediate

Similar data collected from other locations can be queried
for analysis

General digital repository

Dryad, figshare

Universal digital repository for diverse data types
Meets journal standards for public access in publishing
Tags allow grouping and searching of similar data types

Environmental digital
repository

Knowledge Network for
Biocomplexity,
Environmental Data
Initiative

Provides a platform to publish datasets that are readily
cataloged with Digital Object Identifiers

Ensures detailed metadata to improve proper and increased
use of data

Peer-reviewed data
publication

Scientific Data,
Biodiversity Data
Journal, Data in Brief

Allows for data publishing with metadata

Provides citable credit to authors for datasets
Standardized detailed descriptions and open-access make
data easier to find and reuse
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WebPanel 1. Survey deployment.

We used the Google search engine to compile a list of international, continental, and
national-level scientific societies focused on ecological research using the key terms: “ecology”,
“conservation”, “limnology”, “marine ecology”, “restoration”, “society”, and “association” for
the following seven global regions: “Africa”, “Asia”, “Central America”, “Caribbean”,
“Europe”, “Oceania”, “North America”, “South America”. After the compilation of this list
(WebTable 1), we contacted societies individually and requested that they circulate our survey
within their members and collaborator network through email lists and social media platforms
(i.e., Twitter and Facebook). The survey invitation also included a request that society members
pass forward the survey on to relevant contacts and colleagues within their professional and

social media network (the full invitation letter template is provided below). A summary of

survey responses is provided in WebPanel 3.

Invitation letter template:
Dear <<society name >> Members,

We are seeking information from instructors at institutions of higher-education who are currently

leading, or are interested in leading, efforts to collect ecological data through class-based
activities. This survey takes approximately 15 - 20 minutes to complete, and will contribute to a
global review on the extent and types of ecological data collected by students, and provide
insight into the opportunities and challenges associated with these class-based efforts to support
desired educational and scientific outcomes. We ask that you complete this survey and/or
forward this survey to colleagues or your association list-serve (if applicable). The survey can be

found here: https://tinyurl.com/EcolDataSurvey. We ask that you complete the survey by May

17, 2018. All responses are anonymous.
Background

Many classes (courses, units, modules) in institutions of higher-education (universities, colleges)
have field excursions where instructors guide students in the collection of ecological and
environmental data. Although data collection during class field excursions are undoubtedly

occurring, there is little understanding of the geographic extent and characteristics of these
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efforts, and the institutional and logistic challenges and opportunities that instructors have when

maintaining, or considering new, class field excursions.

In order to address this issue, we are seeking the opinion of instructors from institutions of
higher-education. Please click here for the survey link and complete the survey. Also, we ask that
you forward this e-mail to any colleagues or organizations to reach other instructors who are
currently, or might be interested in, leading class-based efforts to collect ecological data. If you
have any questions or concerns, please feel free to contact the Olden Research Lab

(oldenlab@uw.edu). Thank you very much for your time!

Sincerely,
Higher Education Ecological Data Survey (HEED) Team
School of Aquatic and Fishery Sciences, University of Washington
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WebPanel 2. Survey instrument.

See PDF attached.

Higher Education Ecological Data
(HEED)

Q1.1 Welcome to the Higher Education Ecological Data (HEED) survey!

We are seeking information from instructors from institutions of higher education* who are
currently, or are interested in, leading class-based activities to collect ecological data. This
survey takes approximately 15-20 minutes to complete. Your participation will contribute to a
global review on the extent and types of student ecological data collection, and provide insight
into the opportunities and challenges associated with these class-based efforts to support
desired educational outcomes. We ask that you complete this survey and/or forward this survey
to colleagues or your association listserv (if applicable). All responses are anonymous.

We welcome any questions or comments and thank you for your help. Sincerely, The
Freshwater Ecology and Conservation Lab

School of Aquatic and Fishery Sciences, University of Washington

website: https://depts.washington.edu/oldenlab/ | email: oldenlab@uw.edu *teachers,
professors, lecturers in universities or colleges

Q1.2 Do you consent to taking this survey? All respondents that complete this survey by May
17th can be entered into a drawing for one of two $50 gift cards by entering their email address
at the end.

Yes

No

Page 1 of 40
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WebPanel 3. Summary of survey responses (n = 132). Numbering (e.g., Q2.2) corresponds to

survey instrument (WebPanel 2). Only questions for which the results were not plotted in the
main text are included.
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Figure S3.1. Survey responses to Q2.2 “How many classes have you or do you currently teach
that involve at least one field excursion to collect ecological data?”

count

o

No Yes

Figure S3.2. Survey responses to Q2.4 “Are/were the ecological data collected during the field
excursion(s) retained after the class' end date?”
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Figure S3.3. Survey response to Q8.2 “For what level of higher education is/was the class
offered?”
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Figure S3.4. Survey responses to Q8.3 “How often is/was the class offered?”
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Figure S3.5. Survey responses to Q8.4 “Including yourself, how many instructors (and teaching
assistants) are/were involved in implementing the field excursion(s) in a typical year?”
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Figure S3.6. Survey responses to Q9.2 “What is/was the total number of students participating in
the field excursions in a typical year?
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Figure S3.7. Survey responses to Q9.3 “In how many field excursions are/were ecological data
collected during the class?”
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Figure S3.8. Survey responses to Q9.4 “How many total days of ecological data collection
are/were involved across all field excursions in a typical year?”
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Figure S3.9. Survey responses to Q9.5 “Across all field excursions, in how many locations
does/did the class collect ecological data?”
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Figure S3.10. Survey responses to Q10.3 “What are/were the typical funding sources to support
the field excursion(s) costs?”
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Figure S3.11. Survey responses to Q10.4 “Does/did an organization outside of your higher-

education institution provide some level of support to the field excursion(s), including financial,
staff, equipment, and other logistical support like site access?”
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Figure S3.12. Survey responses to Q10.5 “What type of support do/did these partner
organizations provide?”
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Figure S3.13. Survey responses to Q11.2 “Please enter the country where the ecological data
are/were collected in the text box below.”

Figure S3.14. Survey responses to Q13.2 “Did you collect the data with the intention to study a
specific threat to the factors of interest/environment?”

value

Figure S3.15. Survey responses to Q13.3 “What threat(s) is/was the data collection intended to
study? Please check all the threats that apply (for more details on the Threats Classification
Scheme, Version 3.2, see IUCN documentation).”
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Figure S3.16. Survey responses to Q15.3 “Have you ever used the data collected in this class
outside of class-based projects (e.g. publications, blog posts, grant proposals)?”

Median: 1 Publications
Mean: 1.4 Publications

count
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o = ~ o © ©

Number of Publications

Figure S3.17. Survey responses to Q15.4 “How many peer-reviewed publications have resulted
from the data collected in this class?” (n=47, answered yes to Q15.3).

E m =
Figure S3.18. Survey responses to Q15.5 “How many peer-reviewed publications were the
students involved in?” (n=29, answered > 0 to Q15.4).
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count

Figure S3.19. Survey responses to Q15.6 “Have these data resulted in subsequent grants or
projects?” (n=51, answered yes to Q15.3).
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Figure S3.20. Survey responses to Q15.7 “Have these data been used by local or national
government agencies?” (n=51, answered yes to Q15.3).
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Figure S3.21. Survey responses to Q15.10 “For what main reasons have the data not been used
outside of class-based projects?” (n=81, answered no to Q15.3).
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Figure S3.22. Survey responses to Q16.4 “In your experience, what are the main challenges to
analyzing data collected as part of field excursions?”

Figure S3.23. Survey responses to Q16.5 “For what percentage of the study period do gaps in
data collection exist?”
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Figure S3.24. Survey responses to Q16.6 “What are the main reasons for these gaps in data
collection?” (n=83, answered > 0 to Q16.5)
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Figure S3.25. Survey responses to Q16.8 “What factors, if any, limit your confidence in using
the data for other purposes than the class requirements?”
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Figure S3.26. Survey responses to Q18.2 “How are/were data stored for purposes other than the
class (e.g. subsequent analysis for peer-reviewed publication)?”
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Chaice

Figure S3.27. Survey responses to Q18.6 “Under what condition(s) do you share your data?”
(n=32, currently share their data)
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Figure S3.28. Survey responses to Q18.7 “Under what condition(s) would you be interested in
sharing your data, if any?” (n=37, do not currently share their data)
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Figure S3.29. Survey responses to Q18.8 “Would you be interested in sharing your class-
collected data with your peers in an online community repository specifically designed to host
class-based ecological datasets?”
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WebPanel 4. Highlighted comments from surveyed instructors. Square brackets show

sections that have been edited for clarity and for the maintenance of respondents’ anonymity.

1) Tips and adyvice for instructors:

a) “Get something simple started ASAP that you can build on. Realize that any data will

b)

d)

g)

be useful as populations are always changing and climate change makes this

imperative”.

“To ensure data quality, organize students into groups as analytical replicates! This is
key to maintaining the overall data for the project because if one group fails, it only

decreases your sample size slightly [but does not] compromise the entire endeavor!”

“For better accuracy in data collection it is best to have different groups of students
collect the same data, and then delete flagrant outliers/take the mean of the student

measurements”.

“All our pubs have come from adding data to the NUTNET project

[https://nutnet.org/]. All other data is being used in house to measure CO; uptake or

use by the local land manager to manage their non-profit site. NutNet works because

they have clear data sheets upfront”.

“It takes tenacity and a "can-do" approach to maintain a program that continues to
collect consistent class-based data. At our institution there is usually a way to
overcome obstacles that repeatedly get in the way (liability issues, availability of
transportation, changes in administrative support), but one needs to be persistent and
make a strong case for the importance of collection class-based data. We have been
able to do this for this course and another that we have taught every fall since [the

1970s]”.

“Programs like I-Naturalist might make this super easy in the future”.

“As a professor at a PUI [Primarily Undergraduate Institution] it has helped me

continue my field data collection into the fall while carrying a full teaching load”.
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2) Challenges for CURE persistence and maintenance:

a)

b)

d)

"Most grant funding agencies and reviewers do not think undergraduates are capable
of high enough data quality for publication. This biased perspective needs to change.
With enough guidance, undergraduates can collect high quality data and massive
experiments can be conducted within organized classes to the benefit of both students
and faculty — especially at small teaching colleges with few resources for faculty

research".

“It is important to stay consistent with the protocols and the training of students. This
may mean deciding to collect data with lower taxonomic resolution, or that are less
dependent on expertise. This can limit the kinds of questions to be addressed, but

hopefully eventually provide valuable long-term information”.

“We are planning to apply for funding [for long-term data collection by students]. I
think that if we can get the project going the challenge will be to [keep it running over
the long term]. There is a need for continuity, and since teachers come and go that is a

challenge”.

“I have been advocating for a “research as curriculum” modality since I started my
tenure track job here [20 years ago]. I gained tenure and am now a full professor only
because a small number of powerful advocates agreed with me. Every time I
mentioned “citizen science” or “policy application”, or any synonym of either, it has
cost me dearly — I have had to combat blatant myopic resistance to these dimensions
of ecological research scholarship in my courses [since the 90s]. So, I learned early to

keep that quiet”.

“Much personal effort required, next year when I retire probably the data will not be

maintained”.



Frontiers in Ecology and the Environment

WebTable 1. Scientific ecological societies contacted in order to distribute the survey to

members via email, Twitter and/or Facebook.

Society Name
National
Association for the Sciences of Limnology & Oceanography
Australian Centre for Ecological Analysis & Synthesis
Austrian Limnological Association
BIOTICA Ecological Society
Brazilian Association of Ecological Science & Conservation
Brazilian Association of Limnology
Brazilian Ecological Society
British Ecological Society
Canadian Institute for Ecology & Evolution
Canadian Society for Ecology & Evolution
Chilean Society of Limnology
Croatian Association of Freshwater Ecologists
Czech Limnological Society
Czech Society for Ecology
Eastern Asian Federation of Ecological Societies
Ecological Association of Argentina
Ecological Movement of Uzbekistan
Ecological Protection Society Malaysia
Ecological Society of America
Ecological Society of Australia
Ecological Society of Bangladesh
Ecological Society of Chile
Ecological Society of Iceland
Ecological Society of Iran
Ecological Society of Japan
Ecological Society of Korea
Ecological Society of New Zealand
Ecological Society of the Philippines
Ecology & Evolutionary Biology Society of Turkey
Estonian Naturalists' Society
French Ecological Society
French Limnological Society
Freshwater Biological Association
German Limnological Society
Green Salvation Ecological Society
Hellenic Ecological Society
Hungarian Ecological Society
Hungarian Hydrological Society
Indian Ecological Society
Indonesian Journal of Marine Sciences
Institute of Landscape Ecology (Slovakia)
Italian Association for Oceanography & Limnology
Italian Ecological Society
Japan Association for Landscape Ecology
Japanese Society of Limnology
Landscape Ecology & Environment in Vietnam
Limnological Association of Argentina
Limnological Society of India
Macedonian Ecological Society
Malaysian Nature Society

Email

Twitter

Facebook
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Mexican Scientific Ecological Society .
Murmansk Marine Biological Institute 0
National Center for Ecological Analysis & Synthesis .
National Institute of Ecology .
Nature Society Singapore .
Papua New Guinea Institute of Biological Research .
Polish Ecological Society .
Polish Hydrobiological Society .
Polish Limnological Society .
Portuguese Ecological Society 0
Romanian Ecological Society .
Russian Society for Ecological Economics 0
Salim Ali Centre for Ornithology & Natural History .
Slovak Ecological Society .
Slovakian Limnological Society .
Soil & Water Conservation Society .
Spanish Association of Terrestrial Ecology .
Student Conservation Association .
Swedish Society Oikos .
Swiss Society for Hydrology & Limnology .
The Finnish Limnological Society .
The Israel Society of Ecology & Environmental Science .
The Limnological Society of Turkey .
Toucan Ridge Ecological & Educational Society .
Turkish Ecological Society .
Continental
East African Wildlife Society .
Ecological Society for Eastern Africa .
Ecological Society of Germany, Switzerland & Austria .
EFYR Representatives .
European Ecological Federation .
European Federation for Freshwater Science .
Federation of European Societies of Plant Biology .
Iberian Limnological Association .
Netherlands-Flemish Ecological Society .
Nordic Society Oikos .
Society for the Advancement of Science in Africa .
South African Department of Agriculture, Forestry & Fisheries .
Southern African Society of Aquatic Scientists .
Southern African Wildlife Management Association .
International
Aquatic Ecosystem Health & Management Society .
Association for the Sciences of Limnology & Oceanography .
Association for Tropical Biology & Conservation .
International Association for Ecology .
International Association of Landscape Ecology .
International Society of Limnology .
Society for Conservation Biology .
Society for Conservation Biology .
Society for Ecological Restoration .
Society for Freshwater Science .
Society for Human Ecology .
Society for Urban Ecology .
Society of Environmental Toxicology & Chemistry .
The International Society for Ecological Modelling .
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Higher Education Ecological Data
(HEED)

Q1.1 Welcome to the Higher Education Ecological Data (HEED) survey!

We are seeking information from instructors from institutions of higher education* who are
currently, or are interested in, leading class-based activities to collect ecological data. This
survey takes approximately 15-20 minutes to complete. Your participation will contribute to a
global review on the extent and types of student ecological data collection, and provide insight
into the opportunities and challenges associated with these class-based efforts to support
desired educational outcomes. We ask that you complete this survey and/or forward this survey
to colleagues or your association listserv (if applicable). All responses are anonymous.

We welcome any questions or comments and thank you for your help. Sincerely, The
Freshwater Ecology and Conservation Lab

School of Aquatic and Fishery Sciences, University of Washington

website: https://depts.washington.edu/oldenlab/ | email: oldenlab@uw.edu *teachers,
professors, lecturers in universities or colleges

Q1.2 Do you consent to taking this survey? All respondents that complete this survey by May
17th can be entered into a drawing for one of two $50 gift cards by entering their email address
at the end.

Yes

No

Page 1 of 40
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Q2.1 Have you or do you currently teach one or more classes that involve at least one field
excursion to collect ecological data?

Yes

No

Q2.2 We are interested in hearing about your perspective.
To begin, how many classes have you or do you currently teach that involve at least one field
excursion to collect ecological data? Please click and drag slider to choose a number of
classes.

More than 5 classes

Number of classes '

Q2.3 If you have taught multiple classes or plan on teaching multiple classes, please focus for
the remainder of this survey on the most recent class that you have taught. If you currently
teach more than one class, please focus on the one that has been collecting data for the longest
time.

Q2.4
Are/were the ecological data collected during the field excursion(s) retained after the class' end
date?

Yes

No
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Q2.5 In what year did data collection start in the context of this class? Include years when the
class was taught by previous instructors if relevant. Please click and drag slider to choose a
start year.

1900 2018

Start year l

Q2.6 When was the last year of data collection, if applicable? Please click and drag slider to
choose an end year, or check 'Data collection has not stopped'.
Data collection has not stopped.

1900 2018

End year '

Q3.1 Are you interested or planning on teaching a class that would include ecological data
collection through field excursions?

Yes

No

Q3.2 Do you have an expected start date for teaching a class that would include ecological data
collection through field excursions? If so, please click and drag slider to choose a date. If not,
please check 'l do not have an expected start date’

| do not have an expected start date.

201820192020 2021 2022 2022 2023 2024 2025

Start date '

Page 3 of 40
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Q4.1 Thank you for your willingness to participate in this survey, but we are looking for
instructors at higher-education institutions who have taught, are currently teaching, or are
interested in teaching a class involving field collection of ecological data.

If you would like to recommend peer instructors for us to contact with this survey, please provide
us with their email address. If you would like to directly provide them with a link to this survey,
please send them the following link: https://tinyurl.com/EcolDataSurvey
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Q5.1 What benefits would you intend your students to gain from collecting and working with
ecological data as part of your class?

None Little Moderate High

Field sampling
techniques

Laboratory/sample
processing
techniques

Data analysis and
interpretation

Collaborative
research

Scientific writing

Public speaking

Understanding of
the scientific
process

Networking with
scientists

Relationship
building with
classmates

Increased interest
in topic area

Awareness of the
natural world

Other (please
specify)
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Q5.2 What scientific outcomes and personal benefits would you aim for by teaching a class

involving ecological data collection?
None

Peer-reviewed publication

Blog/social media post

Inform natural resource
management/conservation
outcome

Presentation at a
conference

Guide the design of future
research projects

Facilitate the funding of
future research projects

Peer recognition and
awards (including
institutional recognition)

Career advancement

Bonding time with
students

Enjoyable time in the field

Other (please specify)

High
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Q5.3 What would you anticipate to be the main challenges to implementing and continuing
class-based data collection?

Definitely not  Probably not Maybe Probably yes Definitely yes

Lack of financial
support

Lack of
institutional
support (lack of
staff/technicians
or teaching
assistants, lack
of academic
recognition)

Lack of class
enrollment

Lack of
equipment

Lack of
instructor's time

Logistical
complexity (e.g.
access,
permits,
landowner
permission)

Administrative
changes (e.g.
change in class
requirements)

Other (please
specify)

Q5.4 Do you have additional comments about potential challenges and benefits to implementing
and maintaining a class-based data collection?
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Q5.5 What do you think would be the main challenges to analyzing data collected as part of
class-based field excursions? Please select all that apply or 'None of the above'

Entering data/converting data to digital form

Analyzing samples

Potential temporal/spatial gaps in data collection

Significant change in protocol introducing challenges for analysis

Limited data quality

Other

None of the above
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Q5.6 What factors do you think would most limit your confidence in ecological data collected as
part of field excursions? Please select all that apply or 'None of the above'

Lack of student training

Inconsistent implementation of protocol

Change in protocol

Inappropriate sampling design

Lack of replicates

Short duration of study

Other (please specify)

None of the above

Q5.7 Do you have additional comments about analyzing and disseminating data collected as
part of field excursions?
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Q6.1 Do you have additional comments on classes involving ecological data collection you
would like to share?

Q7.1 Please enter the name of your institution of higher education below.

Name of institution

Q7.2 What country is your institution of higher education in?
Country of institution

V¥ AD - Andorra ... ZW - Zimbabwe
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Q7.3 How did you hear about this survey?

Scientific society (please specify)

University email list
Colleague/Friend
Social media

Other (please specify)

Q7.4 To receive updates about this study, please provide us with your email address so that we
may reach you (email addresses will be kept confidential and will not be used for any other
purpose).

Q7.5 If you would like to recommend peer instructors for us to contact with this survey, please
provide us with their email address. If you would like to directly provide them with a link to this
survey, please send them the following link: https://tinyurl.com/EcolDataSurvey

Q8.1 Please provide a general description of the class by answering the following questions:
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Q8.2 For what level of higher education is/was the class offered? Please select all that apply.

First year - undergraduate

Second year - undergraduate

Third year - undergraduate

Fourth Year - undergraduate

Graduate

Other (please specify)

Q8.3 How often is/was the class offered?

More than once per year
Once per year
Once every 2 years

Once every 3 or more years

Q8.4 Including yourself, how many instructors (and teaching assistants) are/were involved in
implementing the field excursion(s) in a typical year? Please click and drag slider to choose a
number or check ‘More than 10".

More than 10

o1 2 3 4 5 6 7 8 9 10

Number of instructors '
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Q9.1 Please provide a general description of the field excursion(s) by answering the following
questions. Click and drag sliders to choose a number or check the box to the right of the slider if
it applies (e.g. 'More than 20’ field excursions).

Q9.2 What is/was the total number of students participating in the field excursions in a typical
year?
More than 100

0 10 20 30 40 50 60 70 80 90 100

Number of students '

Q9.3 In how many field excursions are/were ecological data collected during the class?
More than 20

0 2 4 6 8 10 12 14 16 18 20

Number of excursions '

Q9.4 How many total days of ecological data collection are/were involved across all field
excursions in a typical year?
More than 30

0 3 6 9 12 15 18 21 24 27 30

Number of days '
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Q9.5 Across all field excursions, in how many locations does/did the class collect ecological
data?
More than 50

0 5 10 15 20 25 30 35 40 45 50

Number of sites '

Q10.1 Please provide information regarding financial and institutional support for the field
excursion(s) by answering the following questions:

Q10.2 What is/was the total cost of running the field excursion(s) for the class ($US) in a typical
year?

< $1000

$1000-$2499
$2500-$4999
$5000-$9999

> $10000
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Q10.3 What are/were the typical funding sources to support the field excursion(s) costs?
Please select all that apply.

University/academic department

Students pay additional fee

Instructor(s) contribute personal funds

Outside organization(s)

Other #1 (please specify)

Other #2 (please specify)

Page 15 of 40



Page 55 of 78 Frontiers in Ecology and the Environment

Q10.4 Does/did an organization outside of your higher-education institution provide some level
of support to the field excursion(s), including financial, staff, equipment, and other logistical
support like site access. ? Please select all that apply or check 'No'.

No

Another higher-education institution (e.g. university)

Regional natural resource government agency
(subnational/province/state/territory)

National/Federal government agency

Tribal/Indigenous group

Private company

Non-profit organization

Citizen science group

Other (please specify)
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Q10.5 What type of support do/did these partner organizations provide? Please select all that
apply.

Access to field location

Staff

Equipment

Financial support

Other (please specify)

Q11.1 Please provide information regarding the ecological data collected during the field
excursion(s):

Q11.2 Please enter the country where the ecological data are/were collected in the text box
below.

Q11.3 Please drag the pin to the field location as precisely as possible in the map below. If data
are/were collected in more than one region, you will be able to add additional locations below.

Page 17 of 40
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Q11.4 In what type of ecosystem do/did you collect ecological data as part of the class? Please
choose the ecosystem/habitat that best applies (for more details on the Habitats Classification
Scheme , Version 3.1, see IUCN documentation).

Habitat class - level 1

Habitat class - level 2

Habitat class - level 3

V¥ 1. Forest ... 18. Unknown ~ Not applicable ~ Not applicable

Q11.5 Does/did your field data collection also take place in another location or ecosystem type?

No, | have entered all the locations and ecosystem types where the class collects
ecological data.

Yes, | would like to enter information on an additional location or ecosystem type.

Q12.1 Please provide information regarding the ecological data collected during the field
excursion(s), including variables collected across all field locations:

Q12.2 What type(s) of variables are/were collected during the field excursion(s)? Please check
all that apply.

Biological
Physical

Chemical
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Q12.3 What biological variables are/were collected during the field excursion(s)? Please check
all that apply.

Occurrence/abundance/density/biomass (single species or multiple species)

Individual physical attributes (body length, mass, leaf area, DBH, sex, age)

Individual behavior

Life history (e.g. fecundity, age)

Physiology

Phenology (e.g. migration timing, date of flowering)

Genetics

Molecular/Biochemistry

Biogeochemistry (e.g. stable isotope, nutrient cycling, metabolism)

Other (specify)
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Q12.4 What physical variables are/were collected during the field excursion(s)? Please check all
that apply.

Temperature

Luminosity

Albedo

Moonlight/lunar phase

Pluviosity/precipitation

Altitude/elevation

Topography/slope/aspect

Humidity

Radiation

Sound/Noise

Granulometry/soil texture

Substrate composition

Erosion/sedimentation

Vegetation coverage

Ice coverage

Distance (e.g. from habitat patches, matrix, water,...)
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Area (e.g. patch area, lake area)

Intermittence/hydroperiod

Depth/bathymetry (e.g. waterbody, sea, soil, litter)

Wind speed

Discharge/water flow/current

Width (e.g. hedge width, river width)

Water hardness

Turbidity/transparency

Color

Other (specify)

Page 21 of 40
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Q12.5 What chemical variables are/were collected during the field excursion(s)? Please check

all that apply.

pH

Electric conductivity/Salinity/Total Dissolved Solids (TDS)

Chemical pollutant (specify)

Nitrogen/NH3/NH4/NO3/NO2

Phosphorus/phosphate

Carbonate/bicarbonates

Calcium/Ca2+

Iron/Fe2+/Fe3+

Magnesium/Mg2+

Aluminium/Al3+

Potassium/K+

Hydrogen/H+

Sulfur/sulphate

Chlorum/chloride

Dissolved oxygen/BOD/COD

Alkalinity/acidity

Others (specify)
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Q13.1 Please provide information regarding the ecological data collected during the field
excursion(s):

Q13.2 Did you collect the data with the intention to study a specific threat to the factors of
interest/environment?

Yes

No
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Q13.3 What threat(s) is/was the data collection intended to study? Please check all the threats
that apply (for more details on the Threats Classification Scheme , Version 3.2, see IUCN
documentation).

Residential and commercial development (housing, urban, commercial,
industrial, tourism, and recreational areas) (1)

Agriculture and aquaculture (crops, wood plantations, livestock farming and
ranching, marine and freshwater aquaculture) (2)

Energy production and mining (including renewable energy) (3)

Transportation and service corridors (i.e. roads & railroads, shipping lanes, flight
paths) (4)

Biological resource use (hunting, fishing, collecting,logging and wood harvesting)

()

Human intrusions and disturbance (recreational activities, military activity and
civil unrest, work and other activities) (6)

Natural system modifications (fire and fire suppression, dams and water
management, other ecosystem modifications) (7)

Invasive and other problematic species, genes & diseases (8)

Pollution (including excess energy such as light, thermal, and noise pollution) (9)

Geological events (volcanoes, earthquakes/tsunamis, avalanches/landslides)

Climate change and severe weather (11)

Other (please specify)
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Q14.1 You are more than halfway done, thank you for your response to these questions. Now
we want to ask you about the outcomes of class-based ecological data collection for you and
your students.

Q15.1 Please provide information regarding the outcomes of the field excursions:
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Q15.2 What benefits do you think your students gain/gained from collecting and working with

the class' ecological dataset?

Field sampling
techniques

Laboratory/sample
processing
techniques

Data analysis and
interpretation

Collaborative
research

Scientific writing

Public speaking

Understanding of
scientific process

Networking with
scientists

Relationship-
building with
classmates

Increased interest
in topic area

Awareness of the
natural world

Other

High
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Q15.3 Have you ever used the data collected in this class outside of class-based projects (e.g.
publications, blog posts, grant proposals)?

Yes

No

Q15.4 How many peer-reviewed publications have resulted from the data collected in this
class? Please click and drag slider to choose a number or check 'More than 10".
More than 10

o1 2 3 4 5 6 7 8 9 10

Number of publications '

Q15.5 How many peer-reviewed publications were the students involved in? Please click and
drag slider to choose a number or check 'More than 10",
More than 10

0o 1.2 3 4 5 6 7 8 9 10

Number of publications '

Q15.6 Have these data resulted in subsequent grants or projects?

Yes

No
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Q15.7 Have these data been used by local or national government agencies? Please check all

that apply.

No

Yes, to inform management/conservation outcome

Yes, to support other long-term data collection efforts

Yes, other (please specify)

Q15.8 What other personal benefits have you gained from teaching a class involving ecological

data collection?

Ideas and data
for future
project(s)

Career
advancement
(publications,

awards)

Peer recognition

Mentoring
students

Inspiration (e.g.
enjoyable time in
the field)

Other (please
specify)

None Little Moderate High
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Q15.9 What other significant outcomes have you seen as a result of your class-based
ecological data collection?

Q15.10 For what main reasons have the data not been used outside of class-based projects?
Please check all that apply.

Lack of funding

Lack of time

Lack of motivation

Insufficient data quality (additional opportunities are available to discuss data
quality later in the survey)

Data were not intended to be used outside of a class-based project

Other (please specify)

Q16.1 Please provide information regarding the challenges you have encountered in teaching a
class involving field excursions:
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Q16.2 In your experience, what are the main challenges to implementing and maintaining class-
based data collection?

Lack of
financial
support

Lack of
institutional
support (e.g.
lack of
technicians,
teaching
assistants,
academic
recognition)

Lack of class
enrollment

Lack of
equipment

Lack of
instructor's
time

Logistical
complexity
(e.g. access,
permits,
landowner
permission)

Administrative
challenges
(e.g. change
in class
requirements)

Other (please
specify)

Definitely not

Probably not

Maybe

Probably yes

Definitely yes
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Q16.3 Do you have additional comments or advice from your experience implementing and
maintaining class-based data collection?
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Q16.4 In your experience, what are the main challenges to analyzing data collected as part of
field excursions? Please select all that apply.

Not all the data have been entered into a database

Not all the samples have been analyzed

Temporal/spatial gaps in data collection

Significant change in protocol introduced challenges for analysis

Other (please specify)

None of the above

Q16.5 For what percentage of the study period do gaps in data collection exist?
Here a gap refers to a period for which data were supposed to be collected according to the
sampling protocol but for which no data were collected (e.g. data were not collected for one out
of five years: 20% gap).

1-10%

11-25%

26-50%

> 50%

There are no gaps in data collection
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Q16.6 What are the main reasons for these gaps in data collection? Please select all that apply.

Lack of funding

Lack of staff

Lack of student enrollment

Logistical difficulties in implementing protocol (e.g. weather, safety concerns)

Class was not offered

Instructor's retirement

Lack of instructor's time or personal reasons

Other
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Q16.7 For which of the following applications do you feel comfortable using your class-based

dataset?

Post on
internet (e.g.
blog, social
media)

Presentation
ata
conference

Natural
resource
management

Peer-
reviewed
publication

Guidance for
future study
design

Extremely

unlikely

Somewhat

unlikely

Neither likely

nor unlikely

Somewhat

likely

Extremely
likely
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Q16.8 What factors, if any, limit your confidence in using the data for other purposes than the
class requirements?Please check all that apply or 'None of the above'.

Lack of student training

Inconsistent implementation of protocol

Change in protocol

Lack of replicates

Short duration of study

Other (please specify)

None of the above

Q16.9 Do you have additional comments or advice from your experience analyzing and
disseminating data from a class-based ecological dataset?

Q17.1 Almost done, thank you. Just a few very important questions to ask.
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Q18.1 We are considering to create an online data repository to promote a network of
collaboration and integration of class-based research in ecology. In this section of the survey,
you will be asked about your current practices in data archiving, management, and availability.

Q18.2 How are/were data stored for purposes other than the class (e.g. subsequent analysis for
peer-reviewed publication)? Please select all that apply.

Hard copies (i.e. paper-based)

Local computer storage

Cloud-based system with restricted access

Publically available online repository

None of the above, samples have not been analyzed yet

None of the above, data are not archived

Other
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Q18.3 Do you currently share the data collected as part of this class?

Yes

No

Q18.4 At what level(s) do you currently share your data? Please select all that apply.
Available upon request

Only for government agency partners and educational purpose
Open online access

Other

Q18.5 What level(s) of data sharing would you be interested in, if any? Please select all that
apply.

Available upon request

Only for government agency partners and educational purpose
Open online access

Not interested in data sharing for the moment

Other
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Q18.6 Under what condition(s) do you share your data? Please select all that apply, including if
conditions depend on the nature of the data request.

Require authorship

Require citation

Require acknowledgment

No requirement

Other

Q18.7 Under what condition(s) would you be interested in sharing your data, if any? Please
select all that apply, including if conditions depend on the nature of the data request.

Require authorship

Require citation

Require acknowledgment

No requirement

Other

Q18.8 Would you be interested in sharing your class-collected data with your peers in an online
community repository specifically designed to host class-based ecological datasets?

Might or

might not Probably not  Definitely not

Definitely yes  Probably yes

Interest level
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