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Synopsis  Connections, collaborations, and community are key to the success of individual scientists as well as transformative
scientific advances. Intentionally building these components into science, technology, engineering and mathematics (STEM)
education can better prepare future generations of researchers. Course-based undergraduate research experiences (CUREs) are
a new, fast-growing teaching practice in STEM that expand opportunities for undergraduate students to gain research skills. Be-
cause they engage all students in a course in an authentic research experience focused on a relevant scientific problem, CUREs
provide an opportunity to foster community among students while promoting critical thinking skills and positively influencing
their identities as scientists. Here, we review CURE:s in the biological sciences that were developed as multi-institutional net-
works, and highlight the benefits gained by students and instructors through participation in a CURE network. Throughout, we
introduce Squirrel-Net, a network of ecology-focused and field-based CURE:s that intentionally create connections among stu-
dents and instructors. Squirrel-Net CUREs can also be scaffolded into the curriculum to form connections between courses, and
are easily transitioned to distance-based delivery. Future assessments of networked CUREs like Squirrel-Net will help elucidate
how CURE networks create community and how a cultivated research community impacts students’ performance, perceptions
of science, and sense of belonging. We hypothesize networked CUREs have the potential to create a broader sense of belonging
among students and instructors alike, which could result in better science and more confident scientists.

Science is a social enterprise. Despite stereotypes of
isolated researchers toiling away alone at lab benches,
21st century science has become highly collaborative
(Vermeulen et al. 2013; Barlow et al. 2018). This trend
is driven by many influences, including the complex-
ity and interdisciplinarity of modern research questions
(Aubin et al. 2020) and the power of technology to facil-
itate long-distance collaboration (Siemens 2020). Col-
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laboration and community development in science also
enhances problem solving and results in higher im-
pact publications (Rigby and Edler 2005; Franceschet
and Costantini 2010). Additionally, collaborations in-
cluding individuals representing diverse identities and
backgrounds are more fruitful and efficient (Hong and
Page 2004; Phillips 2014), and inclusion of individuals
from historically marginalized communities improves
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scientific discourse (Phillips 2014; Den Broeder et al.
2018). Although sometimes overlooked, there are also
benefits of social connection for scientists’ wellbeing
and self-confidence (Termini and Pang 2020).

Not surprisingly, undergraduate students also benefit
from collaborative educational experiences, especially
early in their science careers. Science, technology, en-
gineering and mathematics (STEM) students who par-
ticipate in collaborative learning often express greater
self-efficacy as scientists, earn higher grades in science
courses, and are more likely to persist in STEM fields
(Springer et al. 1999; Freeman et al. 2014). Undergrad-
uate students also benefit from social connections with
mentors and peers through increased self-confidence,
particularly those from backgrounds historically under-
represented in the sciences (Chemers et al. 2011; McGee
etal. 2012). Yet, in order to achieve diverse and thriving
scientific communities, it is important for all students to
feel a sense of belonging in STEM (Chemers et al. 2011;
Syed et al. 2019).

One way of achieving this sense of belonging is
through activities that connect students to peers, men-
tors, and authentic research experiences at the under-
graduate level. Course-based undergraduate research
experiences (CURESs) are experiential learning activities
that can build community around research. By design-
ing activities around relevant and novel discovery, en-
gaging students in authentic research, and emphasizing
collaboration and iteration, CUREs teach scientific con-
cepts through doing science in the undergraduate class-
room (Auchincloss et al. 2014). As a result, CUREs are
becoming more common in higher education, and evi-
dence is emerging that they may be a powerful tool for
not only mastering content and critical thinking skills
(Caruso et al. 2016; Staub et al. 2016), but also fostering
a strong sense of community and belonging (Malotky et
al. 2020). In fields from geosciences (Kortz and van der
Hoeven Kraft 2016; Allen et al 2020) to musical educa-
tion (Dvorak and Hernandez-Ruiz 2019), CUREs pos-
itively influence students’ impressions of their profes-
sion, their confidence as practitioners, and their abil-
ity to initiate, navigate, and maintain collaborations
(Esparza et al. 2020).

CURE:s are structured in a variety of ways, and a
growing number of CUREs are being developed as
multi-institutional networks (Table 1). These cross-
institutional or “networked” CUREs seek to reduce bar-
riers to implementation by providing a shared curricu-
lum, technical resources, and/or faculty training all fo-
cused around a common theme (Lopatto et al. 2014;
Hanauer et al. 2017). Here, we review the ways that
CURE networks can intentionally build elements of
connections, community, and inclusion in the class-
room to understand their impact on undergraduate stu-
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dent outcomes and guide the implementation of these
high-impact teaching practices. Specifically, we (1) pro-
vide an overview of existing networked CUREs in bi-
ology and describe how they foster iteration and dis-
covery, (2) summarize benefits of participation in net-
worked CUREs for students and instructors, and (3)
outline research questions on community and collab-
oration in networked CUREs. Throughout, we present
anew CURE network (Squirrel-Net) that is field-based,
investigates ecological questions, and intentionally de-
signed to promote a sense of belonging and community.

Networked CURE:s in biology

CURE:s in the biological sciences have increased in
number and accessibility over the past decade, as ev-
idenced from online repositories such as CUREnet
(serc.carleton.edu/curenet/index.html). In general,
CURESs can be categorized based on their structure,
duration, financial support, and the mentorship that
is provided (Dolan 2016). For example, many CUREs
were developed by individual instructors building on
their specific research strengths and implemented solely
in their classrooms (e.g., Drew and Triplett 2008). Other
CURESs were created within departments or institutions
to bring together a course or set of courses around a
common theme while also providing research expe-
riences to a larger student body (e.g., SIRIUS project,
McDonald et al. 2019). In contrast, networked CUREs
were developed to connect numerous institutions
and create national or international programs (e.g.,
BASIL, Craig 2017). CURE networks can be broadly
grouped based on commonalities across research goals
or technologies and methodologies (Dolan 2016), with
some networks focused on a single, shared research
goal and others focused around a common framework
or technology. Networked CUREs allow students and
instructors to share results, overcome roadblocks, and
identify best practices in teaching and research. Due
to their inclusive design and often centralized support,
networked CUREs can also provide opportunities for
community building from start to finish. By recruiting
from a wide variety of institutions and emphasizing
collaborative development of knowledge, networked
CUREs can connect students both culturally and
spatially.

Most well-known networked CUREs in biology are
focused on microbiology, cellular biology, or genetics
(Table 1). For example, one long-running networked
CURE is the Howards Hughes Medical Institute’s Sci-
ence Education Alliance—Phage Hunters Advancing
Genomic and Evolutionary Science (SEA-PHAGES),
which has involved thousands of undergraduate stu-
dents from almost 200 institutions in the common goal
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Table | Networked course-based undergraduate research experiences (CUREs). Provided for each CURE is a summary of the student
activity, the estimated time frame needed to complete the CURE, and a link to the CURE website for additional information, including how
to join or participate in the network

CURE

Student activity

Time frame

Link

Biochemistry Authentic
Scientific Inquiry Lab
(BASIL)

Biological Collections in
Ecology and Evolution
Network (BCEENET)

Cell Biology Education
Consortium (CBEC)

Design to Data (D2D)

Ecological Research as
Education Network
(EREN)

Genomics Education
Partnership (GEP)

Prevalence of Antibiotic
Resistance in the
Environment (PARE)

SEA-PHAGES

SEA-GENES

Small World Initiative
Squirrel-Net

Tiny Earth

Predict protein function in silico from known structure
and test protein function in vitro with multiple
techniques.

Investigate morphological traits and geographic
distributions of plants and insects using digital natural
history collections.

Student-driven projects centered around multiple
cell-tissue culture techniques.

Use a design-build-test workflow to discover novel
enzymes for applications in therapy, agriculture or
industry.

Network of collaborative ecological projects
connecting primarily undergraduate institutions
(multiple CUREs).

Clean and analyze genomic data from raw sequence to
high quality finished sequences to understand
structure and evolution of genes.

Isolate bacteria from local soil samples and test
tetracycline resistance to identify potential antibiotic
hotspots.

Isolate, purify, amplify,and characterize new viruses
from local soil samples.

Sequel to SEA-PHAGE. For phage genes or products,
generate expression libraries, test ability to modulate
host phenotype and identify host targets.

Isolate, test against medically-relevant pathogens, and
characterize bacteria from local soil samples.

Examine squirrel behavioral ecology through four
field-based modules.

Culture, screen for antibiotic resistance, and
characterize bacteria from local soil samples.

| semester

| semester (4 weeks
possible)

| semester

| semester

Variable

Flexible: a few class
periods to multiple
semesters

Flexible: a few class
periods to |
semester

2 semesters

1-2 semesters

| semester

Flexible: | class to |
semester
| semester

https://basilbiochem.git
hub.io/basil/

https:
//bceenetwork.org/

https:
/Iwww.cellbioed.com/
https://d2d.ucdavis.edu/

https://erenweb.org/

https://thegep.org/

https://sites.tufts.edu/ct
se/pare/

https://seaphages.org/

https://www.hhmi.org/s
cience-education/pro
grams/science-educat
ion-alliance
http://www.smallworldin
itiative.org/about
https://www.squirrel-net
.org/
https://tinyearth.wisc.e
du/about-us/

of discovering and describing of novel viruses. Similarly,
the Tiny Earth and Small World Initiative CUREs pro-
vide students authentic research experiences in discov-
ering novel soil-dwelling bacteria, with the aim of dis-
covering new antibiotic treatments. Project design in
these two large networks (e.g., 10,000 students from 15
countries for Tiny Earth) is flexible, allowing research
activities to be tailored to specific students and course
goals (e.g., Bueso-Bordils et al. 2020). These CURE net-
works have positively influenced students’ knowledge of
and interest in science (Caruso et al. 2016, Hanauer et
al. 2017), as well as significantly advanced antibiotic and
virology discoveries (Basalla et al. 2020, Hatfull 2020).
As a result, these networks have become standards
against which new CUREs are compared (Laungani et
al. 2018) and a source of inspiration for the development
of new CUREs.

In contrast, there are very few networked CUREs in
organismal biology or ecology (Table 1), despite the
widely recognized importance of biological field stud-
ies (Fleischner et al. 2017). This gap highlights an op-

portunity to create equitable research experiences for
future zoologists, botanists, wildlife biologists, and con-
servationists. Networked CUREs in ecology and organ-
ismal biology could also play an important role in de-
veloping the large-scale, longitudinal datasets that are
critical to understanding ecological responses to climate
change, habitat alteration, or biodiversity loss. A total
of two recently developed CURE networks address this
need: Squirrel-Net (Box 1) and the Biological Collec-
tions in Ecology and Evolution Network (BCEENET).
Both focus on common frameworks as opposed to a
single research goal. BCEENET focuses on using dig-
itized museum specimens to answer questions about
species adaptations, invasive species, and range shifts
due to climate change (Table 1). Unlike many lab-based
CUREs, research activities in BCEENET and Squirrel-
Net can be conducted remotely. Squirrel-Net has de-
veloped additional resources for adapting to remote or
hybrid learning, including modifications for collecting
data at home without specialized equipment (Dizney
etal. 2021).
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Box1 Squirrel-Net: A CURE network investigating
behavioral ecology

In 2017, a group of nine mammalogists from a range
of academic institutions assembled at the American
Society of Mammalogists conference to discuss ways
to engage more undergraduate students in authen-
tic research. Our goal was to develop a field-based,
mammal focused CURE that was networked across
institutions (Fig. 1). The result was Squirrel-Net and
our four, peer-reviewed, field-based CURE modules
(www.squirrel-net.org/). Since then, our network has
grown to include instructors from 42 institutions
across North America.

By developing shared approaches for investigat-
ing how squirrels interact with their surroundings,
Squirrel-Net modules provide a framework for stu-
dents to ask questions about how urbanization and
the surrounding environment shape animal behav-
ior across broad geographic scales. Squirrel-Net mod-
ules are highly flexible, allowing them to be adapted
from a single class period to a semester-long CURE,
with approaches ranging from instructor-provided to
student-driven inquiry (Dizney et al. 2020). All stu-
dents use standardized protocols and submit their
data to shared databases, the process of which high-
lights the importance of consistency in data collection
and links a student’s data to a broader scientific com-
munity.

The simplest CURE module, Squirreling Around for
Science (Connors et al. 2020), invites students to ob-
serve squirrels on or near their campuses and to con-
struct an activity budget. Students collect standard-
ized focal-animal observations, categorizing behav-
iors every 20 s with an ethogram, as well as informa-
tion on the location, habitat, nearby organisms, and
weather. These data can be used to investigate trade-
ofts among different squirrel behaviors in relation to
their environment, species or ecoregion.

A second CURE module, Sorry to Eat and Run
(Yahnke et al. 2020), teaches students to measure
giving-up density (GUD), or the amount of food re-
maining when an animal abandons a foraging patch
(Brown 1988). Students leave trays with a known
quantity of seeds in various locations. After 8-12 h,
the remaining seeds are measured, along with data on
environmental conditions, distance from safety and
presence of predators. GUD data can be used to in-
vestigate the perceptions of risk versus reward and the
relative costs or benefits of foraging under different
conditions.

In a third CURE module, How Many Squirrels are
in the Shrubs (Varner et al. 2020), students estimate
wild mammal population sizes using three different

PK. Connors et al.

estimation techniques: strip censuses, scat counts, and
camera traps. In so doing, they must also evaluate how
the underlying assumptions of each technique might
bias the results. Students can then query the national
dataset to investigate which method might be most
appropriate for a given habitat type or species, based
on how well the assumptions of each estimator are
met, and evaluate regional differences in population
density.

In the most advanced module, Squirrels in Space
(Duggan et al. 2020), students use radio telemetry
equipment (i.e., transmitters, antennae, and receivers)
coupled with environmental data to examine squirrel
movement across the landscape, estimate home range
size, and evaluate habitat associations. Similar to other
modules, students contribute to a national database
and can use this larger dataset to test their hypothe-
ses.

Ecology-based CUREs like Squirrel-Net are im-
portant in shaping students’ perspectives of science
as a discipline, as undergraduate students are some-
times unaware that professional science takes place
outside of alab (Fleischner et al. 2017). Along with the
shared experience of observing common and charis-
matic mammals like squirrels, Squirrel-Net modules
provide opportunities that connect students to their
local environments (Myers et al. 2009), which can in-
fluence their attitudes and beliefs regarding environ-
mental stewardship (Myers et al. 2013; Fleischner et
al. 2017).

Iteration and innovation in networked
CUREs

Networked CUREs provide unique opportunities for
iteration of the scientific process, another key com-
ponent that sets CUREs apart from other teaching
strategies (Auchincloss et al. 2014). Some networked
CUREs (Table 1) can require a full academic semester
to complete; this time frame accommodates iterative
processes, including data interpretation and creation
of new hypotheses, and sharing results with others in
the network to foster constructive discussions. How-
ever, there is growing interest in returning to simi-
lar research themes across multiple courses within the
undergraduate curriculum (Staub et al. 2016; Hanauer
et al. 2017). Squirrel-Net is unique among networked
CURE:s in that the modules are designed to be scaf-
folded across a curriculum, thereby facilitating connec-
tions between concepts and courses (Dizney et al. 2020).
When integrated into multiple courses at various stages
of undergraduate education, students can form mean-
ingful connections among ideas and develop a deeper
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P
Vision: The Squirrel-Net CURE network will provide equitable access to research opportunities by engaging ALL students in an
authentic research experience that can be implemented early and scaffolded across a college career

( N\

Inputs Outputs

N

Educational Outcomes

Short-term

Intermediate-term

Long-term

p
Develop transferable CURE
modules for instructors

(SquirreI-Net Team:
steering committee,
senior personnel,
graduate students,
digital media intern

Implement CURE modules
across curriculum and
J\ institutions providing authentic

evaluator ;

research experiences for
IRB diverse students (Fig. 3)
Equipment (field Assessment of student
and lab) outcomes following

Partner institutions, participation

instructors, students Infrastructure (web portals and
databases) for nationwide
network of instructors and
researchers

N\ 1

Media presence
(website, social
L media)

—

Lower barriers to instructor
adoption of CUREs

Improve student learning
outcomes in content
knowledge and skills

Improve student self-
efficacy and science
identity gains

Identify features of CUREs
most effective in promoting
student gains

Increase support of
scientific community for

L network participants

Instructors adopt
modules and
scaffold into
curricula

Increase retention
of students from
underrepresented
groups in STEM

Share results of
assessment,
modify CURE
implementation to
maximize student
gains

Improve science
literacy for all
students

Increase
participation of
underrepresented
groups in the
scientific
community
Instructors
implement more
student-centered/
evidence-based
teaching practices

J

1 = =

= = L

Assumptions: Discovery and scientific relevance are
key components for achieving positive outcomes for
L science literacy, self efficacy, and diversity in STEM

External Factors: Differing methods of implementation of CUREs at
different institutions/across instructors, different student motivations,
Instructor’'s commitment to providing authentic research experience )

Fig. | Logic model for Squirrel-Net educational outcomes. The underlying logic model links program inputs to desired educational
outcomes through the project outputs, which lead to short (< -2 years) to long-term (> 5 years) educational outcomes. Discovery and
scientific relevance are key components for achieving these positive outcomes. External factors such as differences in implementation of
CUREs, student motivations, and instructor’s commitment to providing authentic research experience are expected to impact the program

outcomes.

understanding of their applications (Allen et al. 2020).
For example, Squirrel-Net CUREs are currently im-
plemented in both introductory and upper-division
courses at Colorado Mesa University and California
State University, Monterey Bay (see Dizney et al. 2020).
These iterative experiences provide time to master tech-
nical skills and accumulate multiple scientific or schol-
arly competencies so that students are better prepared
for either graduate programs or careers (Lee et al. 2019).
Such experiences allow students to reflect on their
learning and gain confidence in new skills and abilities
(Lee et al. 2019; Allen et al. 2020), as well as increase re-
silience to and understanding of the nonlinear process
of science. Additional time immersed in research may
also provide opportunities to overcome setbacks during
the scientific process. Indeed, as students experience the
challenges of the scientific process, they learn to con-
nect new knowledge and skills, perceive their research
as more authentic (Goodwin et al. 2021), and build the
perseverance and scientific identity that are closely as-
sociated with retention in STEM (Kowalski et al. 2016).

Similar to individualized CUREs, networked CUREs
foster the novel discovery of broadly relevant knowl-
edge (Auchincloss et al. 2014). As many networked
CUREs have developed shared, publicly available
databases (e.g., Prevalence of Antibiotic Resistance

in the Environment, Genné-Bacon and Bascom-Slack
2018; Squirrel-Net, Dizney et al. 2020; and Tiny Earth,
Hurley et al. 2021; Table 1), students participating in
those CUREs can develop and test broader hypothe-
ses than would be possible in a single course or at a
single institution. For example, students in Squirrel-
Net CURESs have investigated how climate or urbaniza-
tion affect vigilance behavior and how different squirrel
species behave in their native versus introduced ranges.
These questions are broadly relevant, authentic in that
the answers are unknown, and necessitate data from
multiple geographic areas and/or habitats.

Benefits of CURE communities for
instructors and students

For students, participating in a CURE network can of-
fer many benefits (Table 2). Students can experience
greater feelings of belonging to a scientific community
(Jordan et al. 2014), and their impressions of science
and their confidence as scientists can be positively in-
fluenced (Hanauer et al. 2017). Social interaction, men-
torship in the research process, and identifying ques-
tions relevant to the broader scientific community also
help to cultivate a sense of project ownership (Hanauer
et al. 2012; Cooper et al. 2019) and increase student
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Table 2 Benefits to participating in networked CUREs. Student researchers and instructors gain a range of benefits by participating in

research activities within a CURE network

Benefits to students

Benefits to instructors

An authentic research experience (not a “cookie-cutter” lab activity)
with broad scientific relevance.

A hands-on, inclusive, scientific research experience that promotes
project ownership.

Gain skills and learn methods specific to areas of science (e.g.,
biochemistry, genomics, museums, and ecology) that are
transferable to other courses and potential careers.

Connection to and collaborating with a national community of other
students working on the same research project or with the same
tools.

Access to a national or international database of student-generated
data, enabling the testing of creative and novel student-driven
hypotheses.

Experience with data analysis and interpretation, and the iterative
process of science (e.g., unexpected results followed by new
hypotheses).

Opportunities to share research with the network and larger
scientific community through presentations and publications.

Participation in a national science community.

Course-based Undergraduate Research Experiences (CUREs) involve
more students in authentic research, advancing STEM pedagogy.
New teaching lab(s) to add to your curriculum that is fully developed

and vetted at numerous institutions.

Free access to content-specific teaching materials (biochemistry,
genomics, natural history, and mammalogy), some with flexible
course implementation (short modules to semester-long projects).

Connection to a national community of instructors, including authors
of the modules, who can provide additional support.

Access to a national or international database of student-collected
data, allowing students to test broader hypotheses compared to
data collected in one place or at one time.

Evidence of service outreach and teaching development for merit and
retention decisions.

Opportunities to share scientific and education research with the
network and larger scientific community through presentations and
publications.

Participation in a national science community.

motivation during the research process (Esparza et al.
2020). The collaboration inherent to the CURE model
may also help to affirm student dignity and inclusion
through increased social kindness (Estrada et al. 2018).
For field courses in particular, facilitating community
camaraderie and developing accessible CURE activities
is critical to promoting diversity and inclusion in ecol-
ogy and evolutionary biology (Zavaleta et al. 2020).
Interestingly, networked CUREs may also play an im-
portant role in both normalizing failure and empower-
ing students. Students conducting CUREs often expe-
rience failure in some capacity, such as methodologi-
cal setbacks or inconclusive results, providing opportu-
nities to iteratively overcome these challenges. Experi-
encing and overcoming such obstacles are key to stu-
dents’ self-identity as scientists and their perception of
having conducted “real” research (Goodwin etal. 2021),
and networked CUREs provide additional opportuni-
ties for interacting around those challenges. In doing so,
students become part of a scientific community study-
ing soil-dwelling microbes, squirrels, or museum spec-
imens (Wiley and Stover 2014). Furthermore, students
who participate in networked CUREs interact with stu-
dents from other institutions in ways that mirror how
industry and academic scientists collaborate in the 21st
century. For instance, students that participated in a re-
mote CURE reported feeling that learning to collaborate
in remote teams was relevant to their future careers as
scientists (Fey et al. 2020). Thus, networked CUREs can
help break the stereotypes that students are limited to
collecting data to be later analyzed or communicated by
the “expert scientists” or that science is only “authentic”

or “meaningful” when presented by credentialed aca-
demics in peer-reviewed publications.

Connections among student researchers and faculty
are also frequently forged through CURE network-
hosted annual symposia or regional meetings. SEA-
PHAGES and Tiny Earth host network-wide symposia
each year, creating physical and virtual communities
for students, instructors and researchers to share find-
ings and foster connections. Both SEA-PHAGES and
the Genomics Education Partnership (GEP, Table 1)
also host regional meetings, which include undergrad-
uate presentations and opportunities for networking at
nearby institutions. During the COVID-19 pandemic,
many meetings have continued virtually, with positive
results for students. For example, students who pre-
sented the results of their course-based research during
virtual poster sessions in a virtual reality platform re-
ported enjoying the interactions with their peers nearly
as much as in-person interactions (Holt et al. 2020). For
some students, using virtual avatars actually reduced
student stress compared to standing by their poster and
answering face-to-face questions (Holt et al. 2020). An
added benefit of such a virtual experience is the abil-
ity to expand access to the event, potentially connect-
ing students from across the country, and even globally,
who might not otherwise have the opportunity to at-
tend.

Networked CUREs can also maintain important sci-
entific and research communities for faculty and in-
structors (Table 2). Connections to scientific research
communities may be particularly important at smaller,
teaching-focused schools, where faculty have higher
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teaching loads and/or may be less likely to have col-
leagues with similar research interests. For many net-
worked CUREs, faculty also have the opportunity
to collaborate on scientific and educational papers
(Lopatto et al. 2014). Moreover, a sense of commu-
nity and connection are important for supporting fac-
ulty in implementing evidence-based teaching practices
in STEM (Handelsman et al. 2007), both through en-
couraging reflective teaching practices and in devel-
oping a shared vision (Borrego and Henderson 2014).
For example, faculty learning communities are a suc-
cessful approach to supporting the adoption of novel
teaching methods (Cox 2004). The development of fac-
ulty communities or peer mentoring around networked
CUREs provides peer support and can lower the acti-
vation energy of implementing CUREs (Shaffer et al.
2010; Jordan et al. 2014; Lopatto et al. 2014). Tiny
World and Squirrel-Net also have active social me-
dia accounts (e.g., Twitter, Facebook, and Instagram)
to support online connections and foster community.
These approaches for building and maintaining in-
structor communities can improve the sustainability of
learner-centered teaching practices (e.g., Ebert-May et
al. 2015; Derting et al. 2016).

New directions: evaluating the impacts of
CURE network activities

While networked CUREs are inherently based
around scientific communities, the impacts of cross-
institutional connections within CURE networks have
rarely been directly assessed and represent a critical gap
in the literature. For example, one model of CURE out-
comes is grounded in situated-learning theory, which
suggests that engagement in a “community of practice”
(a group of people addressing a common question
with shared approaches) is key to persisting in science
(Auchincloss et al. 2014). Under this model, elements
such as student access to professional networks and sub-
sequent increased access to mentoring are important
intermediate steps in the development of STEM per-
sistence and identity. Access to professional networks
and opportunities for mentoring may be strengthened
through CURE networks where cross-institutional
interactions are emphasized. Squirrel-Net was inten-
tionally designed (Fig. 1) to investigate these benefits
of building and fostering a community. By connecting
multiple, varied institutions, including community
colleges, primarily undergraduate institutions, and R1
universities, we plan to assess gains in scientific skills,
sense of belonging to a community, and self-identity as
a scientist for students who participate in Squirrel-Net
CUREs. Because several of our assessment questions
specifically address students’ sense of belonging to a

research community of multiple institutions, the results
of this study will allow us to improve the community
and connectedness of each module.

In addition, few studies have investigated the po-
tential benefit of scaffolding multiple thematic CUREs
within an undergraduate curriculum (Hanauer et al.
2017). CURE networks such as SEA-PHAGES and
Squirrel-Net may be well-situated to address these ques-
tions. While many CUREs are focused either on stu-
dents in either lower- (e.g., Beckham et al. 2015) or
upper-division courses (e.g., Beatty et al. 2021), hav-
ing students return to similar themes with new tools
across courses (e.g., SEA-GENES, Staub et al. 2016) may
provide greater opportunities for iteration, innovation,
and discovery (Thiry et al. 2012). Since the four modu-
lar CUREs created by Squirrel-Net include research ac-
tivities designed to be run across multiple courses, fu-
ture assessments of Squirrel-Net CUREs will help elu-
cidate these key knowledge gaps regarding the impor-
tance of course level, prior research experience, and it-
eration within a curriculum on student outcomes.

Evaluating the importance of CURE networks for
supporting faculty and undergraduate students has per-
haps never been so salient as during the COVID-
19 pandemic, when most higher education courses
were forced online in the Spring of 2020. The sud-
den pivot to remote instruction greatly affected stu-
dents and instructors, with many students reporting a
loss of connection and engagement (Theodosiou and
Corbin 2020). These effects were felt disproportionately
by students who are low income (Aucejo et al. 2020)
and/or black, indigenous and people of color (BIPOC,
Blake et al. 2021). Likewise, many instructors in the bi-
ological sciences found authentic field research expe-
riences particularly difficult to adapt to the online en-
vironment. A survey of college instructors forced to
adapt their field courses to distance-learning identified
the social aspects of field work, including loss of com-
munity and student-instructor connections, as impor-
tant barriers to inclusive and effective teaching (Barton
2020). Together, these findings suggest we should eval-
uate the potential for CURE networks, especially those
that are ecology-focused, to sustain engagement and
foster community in remote learning environments as
well as their importance to diversity, equity, and inclu-
sion in the classroom.

Conclusions

Community connections and collaborations are not
only paramount to science as a field, but also a key com-
ponent of effective undergraduate education. Linking
CUREs through a multi-institutional network can help
foster such connections and may create a broader sense
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of belonging among all participants. However, less is
known about the impacts of community on students
and instructors within networked CUREs. While in-
tentionally developing activities within CURE networks
with the goal of fostering connectivity and collabora-
tion will likely result in better science and more confi-
dent scientists, this has yet to be rigorously evaluated.
There is also a clear need for more organismal, ecologi-
cal, and field-based activities among CURE networks.
One CURE network that emphasizes connecting stu-
dents to form a scientific community is Squirrel-Net
(Box 1). The Squirrel-Net modules connect concepts
and courses by iteratively revisiting the same system
in different contexts as students progress through the
curriculum. Taken together, such connections may be
important for overcoming teaching challenges, partic-
ularly those imposed by the COVID-19 pandemic. Fi-
nally, the structure of the Squirrel-Net team itself mod-
els a successful collaborative research network for our
students, demonstrating first-hand the benefits of team
science and the ability of a group to tackle larger tasks
than could be accomplished alone.
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