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1 | INTRODUCTION

As we move forward in the 21st century, improving col-
lege STEM persistence and diversifying the STEM work-
force becomes even more critical to keep up with fast-
paced technological developments and help to solve com-
plex problems. However, half of students pursuing a
bachelor's degree and two-thirds of students pursuing an
associate's degree in STEM either change to a non-STEM
major or leave their program without a degree." One
major source of diversity for the STEM workforce is com-
munity colleges (CCs), where 39% of the undergraduate
STEM students were enrolled in Fall 2020.2 Therefore,
the disparities in the United States STEM workforce
could be partially addressed by improving CC persistence
rates. One of the promising strategies to achieve this goal
is through engaging students in research as early as
possible.?

Undergraduate Research Experiences (UREs) repre-
sent a high-impact practice that improves student
persistence.*”” They are especially transformative when
engaged early in undergraduate education, and for stu-
dents from Minoritized Groups.”® However, the tradi-
tional apprenticeship model for such experiences is
naturally limited with respect to the number of
students,'® and can also inadvertently exclude students
from Minoritized Groups.''™* For most CC students,
there are even greater challenges to participation in
UREs than their peers at four-year institutions.”'*** In
recent years there has been a rapid expansion of UREs at
CCs,'”** but significant barriers persist particularly
because of the lack of CC faculty who have active
research programs, and limited infrastructure to support
undergraduate research.****

A potential solution to many of these challenges is
Course-based Undergraduate Research Experiences
(CURES).'*'? CURE courses enable students to put the
scientific method into practice as well as become partners
with their peers and instructors in the scientific design,
discovery, and validation processes.””*’ This results in
students who are more engaged with scientific

students from Minoritized Groups in mCUREs was significantly higher than in
control courses, whereas no significant difference was observed in White/Asian
students. Taken together, these data suggest that CUREs can be an impactful
practice in introductory courses at CCs, especially for students from Minori-

community colleges, CUREs, experimental design, minoritized groups, persistence, scientific

coursework, more excited about remaining in a STEM
discipline, and more likely to join the STEM workforce
upon graduation.®?***?° CUREs can range in length
from a module within a regular laboratory course
(mCURE), full semester (cCUREs), and even multiple
semester experiences.’>*' There is some evidence that
the amount of time spent in a CURE can have differential
impacts on student outcomes, with more time generally
leading to better outcomes.**>*

Like UREs, CUREs improve an array of student
outcomes.>* >’ Hanauer et al.*® found with a national
sample of CC students that project ownership, science
identity, scientific community values, networking, and
future research intent were higher in CURE courses than
in traditional laboratory courses. When disaggregated by
Minoritized Group status and gender, several of these
variables were also higher in males and females from
Minoritized Groups in CURESs than in traditional labora-
tory courses. Since students from Minoritized Groups
enroll in higher numbers than their White/Asian coun-
terparts at CCs,* working with CCs to develop, imple-
ment, and study CUREs could have especially fruitful
results in generating a truly equitable scientific
workforce.

Given CC's strategic role as an entry point to STEM
careers — especially for students from Minoritized
Groups - we need to have a better understanding of the
impact of CUREs on students in CCs.”** Here, as part of
a study of CURE implementation at a variety of institu-
tions, we describe the implementation and assessment of
protein-centric CURESs at two minority-serving CCs: one
for an Introductory Biology laboratory, and the other for
a General Chemistry II laboratory. For the purposes of
this project, CUREs are defined as possessing eight com-
mon elements: (1) relevance; (2) scientific background;
(3) hypothesis development; (4) proposal; (5) experiments,
teamwork, and collaboration, (6) reproducibility; (7) data
analysis and drawing an evidence-based conclusion; and
(8) presentation.>>*%?

We were interested in the following research ques-
tions (RQs):
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1. Does instruction differ in CURE laboratories com-
pared to control laboratory courses?

2. Do student outcomes in science process skills, reten-
tion, and STEM Career Interest differ between the
CURE and control laboratory courses?

3. Are there differential outcomes for students from Min-
oritized Groups between CURE and control laboratory
courses?

2 | METHODS
2.1 | The Malate dehydrogenase CUREs
Community (MCC)

The MCC*! is a collaborative CURE network with faculty
from a wide variety of institutions engaged in undergrad-
uate instruction. Of particular note is the work the MCC
has performed with instructors to develop and implement
protein-centric CURE models that were tailored and
adjusted based on specific institutional infrastructure
and capacities.’>**™**

2.2 | Participants

As part of a larger study,’>*® we recruited three faculty

members from two CCs that taught introductory biology

TABLE 1 Demographics by course type and community college®.
Control
Community college Race and Ethnicity® N°
Biology MG 16
W/A 3
Chemistry MG 26
W/A 68
Total MG 42
W/A 71
Gender®
Biology Female 14
Male 6
Chemistry Female 57
Male 39
Total Female 71
Male 45

*Minoritized Groups (MG) are aggregated in Table S1, White/Asian (W/A).
5Groups are significantly different by Race & Ethnicity, ¥>=10.178, p = 0.006.

or chemistry courses. Student self-reported demographic
information is presented in Table 1. For the purposes of
this study, Minoritized Groups are defined as those tradi-
tionally under-represented in STEM: American Indian/
Alaska Native, Black/African American, Hispanic/Latina
(o), Native Hawaiian/Pacific Islander, or two or more
races/ethnicities (Table S1). When disaggregated by Min-
oritized Group status there is a significant difference
between CCs and condition (control, mCURE, & cCURE;
p = 0.006, Table 1), but none for gender (p = 0.655).
Although each CC was a minority-serving institution, the
CC that taught the biology course had a higher percent-
age of students who were from Minoritized Groups than
the chemistry CC. Each faculty member taught their lab-
oratory courses in both control and CURE conditions
(see Tables S2 & S3). There were 160 students from these
courses who consented and completed the evaluative
instruments. The numbers of participants vary slightly by
instrument.

2.3 | MCC CURE courses

The Introductory Biology course (BIOL 1101) in this
study is the first course in a two-semester biology
sequence that introduces the concepts of cell structure
and function, cellular metabolism, heredity, and genetics.
The CURE for this course was designed to focus on the

mCURE cCURE
Percent N4 Percent N4 Percent
84.2 7 77.8 12 66.7
15.8 2 22.2 6 33.3
27.7 15 20.8
72.3 57 79.2
37.2 22 27.2 12 66.7
62.8 59 72.8 6 333
70.0% 5 50.0% 11 57.9
30.0% 5 50.0% 8 42.1
58.8% 39 52.7%
40.2% 35 47.3%
60.7% 44 52.4% 11 57.9
38.5% 40 47.6% 8 42.1

“Four participants did not report their Race & Ethnicity, and one participant did not report their Gender (Table S1).

d0ne participant did not report their Race & Ethnicity (Table S1).
°Groups are not significantly different by Gender, y*=2.440, p = 0.655.
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structure-function relationships of malate dehydrogenase
(MDH), and was run in different semesters as both an
mCURE, as well as a cCURE. The activities in both the
mCURE and cCURE addressed all eight common ele-
ments of a CURE®’ (Table S2).

The General Chemistry II course (Chem 210) in this
study is the second semester of the General Chemistry
sequence that provides an introductory survey of a wide
variety of topics. Each semester, this course was run as a
mCURE that followed several ‘traditional’ labs to ensure
compliance with articulation agreements, and to make
sure students were well-trained and familiar with basic
lab equipment, techniques, and lab skills before they
were allowed to conduct their own individual research
projects. The mCURE for this course was designed to
focus on the discovery of novel inhibitors of Plasmodium
falciparum (Pf) -MDH with the ultimate research objec-
tive of developing new anti-Malarial drugs. The activities
in this mCURE also addressed all eight common ele-
ments of a CURE® (Table S3).

The faculty teaching the CUREs had extensive
experience teaching at these Minority-Serving Com-
munity Colleges. The biology instructor was a white
female with 12 years of teaching experience. She had
broad experiences teaching CUREs prior to joining
the MCC, in addition to 2 years of high school biology
instruction. Both Chemistry instructors were white
males. One had 14 years of teaching experience and
10 years in the biotechnology industry at the start of
the study. The other had 8 years of teaching experi-
ence. Neither had any experience teaching CUREs.
All instructors had experience mentoring undergradu-
ates from Minoritized Groups in the classroom
and UREs.

2.4 | Evaluative instruments

241 | Laboratory Course Assessment
Survey (LCAS)

The post-only 17-item LCAS survey instrument® was
administered to assess the differences in instruction
between CURE and control courses. This is the student's
perception of these three constructs. Collaboration mea-
sures collaboration between the students in the labora-
tory. Discovery/Relevance is a measure of how much the
students perceive that the research is a real, authentic,
scientific problem. Iteration measures students' percep-
tion of repeating experiments in the laboratory. Cron-
bach's alpha with this student sample is good
(Collaboration = 0.819, Discovery/Relevance = 0.881,
Iteration = 0.859).

2.4.2 | Faculty course elements survey

The 28-item faculty CURE survey was completed by fac-
ulty teaching the course at the end of the semester.*
Each item could be scored from ‘“no emphasis” to “major
emphasis”. Additionally, a faculty log developed by Cob-
blestone was also completed at the end of the semester
(Table S6). The faculty indicated which of the nine activi-
ties students participated in as part of the course.

2.4.3 | Scientific literacy

The Test of Scientific Literacy Skills is a 28-item test of skills
in scientific literacy that was administered as a pre- and post-
test.*’ Percentage correct scores were calculated for each test.

244 | Experimental design

The Experimental Design Ability Test was a pre- and
post-test that posed a scenario to students, which
required them to design an experiment in response.*®
Faculty used a standard rubric, scoring between 0 and 10.
Experimental design tests were blind-scored by 18 differ-
ent MCC faculty members (for details see Callahan
et al.*’). Interrater reliability was acceptable (pre-
test = 0.769, p < 0.001; post-test = 0.644, p < 0.001).

2.4.5 | Institutional data request
One-year continued enrollment and graduation informa-
tion were requested from each CC, however, only the
Chemistry CC submitted this information.

2.4.6 | STEM Career Interest Scale
This is a post-only 12-item survey instrument that mea-
sures STEM support, interest in STEM careers, and per-
ceived importance of STEM.*® Cronbach's alpha with this
student sample is good (STEM Support = 0.807, STEM
Career = 0.902, STEM Importance = 0.862).

2.5 | Data collection

Both CCs participating in this study obtained IRB
approval prior to data collection (#IRB-2018-64 and IRB#
190823_Galport). Data were collected over a period of four
semesters (Spring 2018 - Fall 2019). All student data asso-
ciated with this study are available through LDbase.>
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There were eight sections of Introductory Chemistry
courses (four control and four mCURE) and four sections of
Introductory Biology courses (one control, one mCURE,
and two cCUREs). All instruments were administered to
students by faculty participants. At the beginning of the
semester, evaluation consent forms and surveys were
administered, and near the end of the semester, post-test
assessments were administered. The Experimental Design
Ability Test was completed with pen and paper and scanned
by the instructor; all other surveys were completed online.

2.6 | Data analysis
All analyses were run in SPSS version 27. Significance for
statistical tests was set at p < 0.05.

General linear models were run on experimental
design and scientific literacy data, including the pre-test
score as a covariate, main effects for condition (cCURE,
mCURE, and control) and Minoritized Group status, and
an interaction term between condition and Minoritized
Group status. Given the difference in Minoritized Groups
between institutions (Table 1), “institution” was also
included as a covariate in the general linear models.
When the model was significant, Bonferroni post hoc
tests were performed to determine what main effects
were significantly different. If the interaction was signifi-
cant, it was not possible to run a post-hoc test on the
interaction in SPSS. Assumptions of the general linear
model were tested before analysis commenced (Table S4).

For Likert-type data (LCAS and STEM Career Interest),
the values of each item for a variable were summed and
then a Kruskal-Wallis non-parametric test was performed.
For the LCAS, a Kruskal-Wallis test of condition was per-
formed on each institution independently to determine if
the class conditions (control, mCURE, and cCURE) were
different within each institution (RQ#1). For the STEM
Career Interest, a Kruskal-Wallis test of Minoritized Group
status plus condition (six categories) was run to answer
RQ#3. Assumptions of the Kruskal-Wallis were tested
before analysis commenced (Tables S7 and S8).

Pearson chi-squared analysis (using layered crosstabs
in SPSS) was performed for dichotomous variables: reten-
tion, race/ethnicity, and gender comparisons. For race/
ethnicity and gender comparisons, the cross tabs
included condition (control, mCURE, & cCURE) and
institution with the dependent dichotomous variable
(either Minoritized Group or gender status). Due to only
one institution reporting retention data, the cross tabs
included condition (control, mCURE, & cCURE) and
Minoritized Groups status, on the dichotomous retention
variable. Due to the small number of faculty, descriptive
statistics were determined for the number of faculty
reporting course elements and activities.

3 | RESULTS

Table S4 contains the exact numbers used to generate
each figure in the results including test statistics,
p-values, and effect size where possible. For ease of read-
ability, only p-values are reported in the main text.

3.1 | RQ1 does instruction differ in
CURE laboratories compared to control
laboratory courses?

Faculty reported qualitative differences between the control
and CURE courses (Tables S5 & S6). In the CURE courses,
faculty reported a higher emphasis on students: input in
the research process, responsibility for part of the project,
reading primary literature, writing a research proposal, and
presenting results orally. There was also a higher emphasis
on no one knowing the outcome of the project in the
CURE courses (Table S5). Similarly, more faculty reported
students creating proposals, reviewing the literature,
designing experiments, repeating experiments, evaluating
work, and deciding future research directions (Table S6) in
CURES, compared to control courses.

Using the Kruskal-Wallis test, student perceptions of the
CURE experience in the Biology CC, as measured by the
LCAS,* showed significant differences in the levels of stu-
dent discovery and relevance, with both the cCURE and
mCURE having similar high mean ranks compared to the
control (Table S7). Biology CC Iteration and Chemistry CC
Discovery/Relevance violated the Kruskal-Wallis assump-
tion of similar distributions, so it was not possible to use the
Kruskal-Wallis to test for statistical differences. Descrip-
tively, the Biology CC iteration mean rank was ordered
highest in the mCURE, then cCURE, and lowest in the con-
trol, while the Chemistry CC discovery/relevance was
greater in the mCURE than the control. There was no differ-
ence in the collaboration scale for both CCs. Iteration was
not significantly different for the Chemistry CC (Table S7).

3.2 | RQs 2 & 3 dostudent outcomes in
science process skills, retention, and STEM
career interest differ between the CURE
and control laboratory courses? Are there
differential outcomes for students from
Minoritized Groups between CURE and
control laboratory courses?

3.2.1 | Test of Scientific Literacy Skills
learning outcomes

Based on a general linear model analysis as described in
the methods section 2.6, there was no difference in post-
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FIGURE 1 Comparison of scientific literacy skills in CURE versus control courses. A general linear model was run with prescore and
institution as covariates and an interaction term for condition and Minoritized Group (MG) status. Estimated marginal means were plotted
for the complete dataset (a) and the interactions (b). There was no significant difference between conditions on the Test of Scientific Literacy
Skills (a. Open bar - Control, Light gray bar - mCURE, and Dark gray bar - cCURE.). However, there was a significant interaction between

Minoritized Groups and condition (b. Open bar - White/Asian in Control, mCURE, and cCURE conditions. Slashed bar — Minoritized

Groups in the three conditions). *p < 0.05.
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FIGURE 2

Comparison of experimental design skills in CURE versus control courses. A general linear model was run with prescore

and institution as covariates and an interaction term for condition and Minoritized Group (MG) status. Estimated marginal means are
plotted for the complete dataset (a) and the interactions (b). A post-hoc test found there was a significant difference between the two CURE
conditions, with mCURE greater than cCURE (a, *p < 0.05. Open bar - White/Asian in Control, nCURE, and cCURE conditions). There
was no significant interaction between Minoritized Groups and condition (b. Open bar - White/Asian in Control, mCURE, and cCURE

conditions. Slashed bar — Minoritized Groups in the three conditions).

test scores after controlling for the pre-test score and
institution (Figure la, p = 0.439). However, there was a
significant interaction effect between condition, and Min-
oritized Group status (Figure 1b, p = 0.018). Students
from Minoritized Groups in the control performed worse
than the White/Asian students. In the mCURE, the two
groups of students performed similarly, while in the
cCURE students from Minoritized Groups performed bet-
ter than the White/Asian students.

3.2.2 | Experimental Design Ability Test of
student learning outcomes

Based on a general linear model analysis as described in
methods section 2.6, there was a significant difference
in post-test scores after controlling for the pre-test score

and institution (p = 0.045). The post hoc test indicated
students in the mCURE scored significantly higher than
those in the cCCURE (Figure 2a, p = 0.043). No significant
interaction effect between condition and Minoritized
Group status was observed (Figure 2b, p = 0.586).

3.2.3 | Retention after 1 year

Retention was defined as a student remaining enrolled at
or graduating from their institution 1 year after partici-
pating in the mCURE or control course. Institutional
data were not available for the Biology CC. Therefore,
this analysis compares control and mCURE data since
the Chemistry CC did not teach a cCURE. Using a lay-
ered cross-tabs SPSS analysis, there were 24% more stu-
dents retained from the mCURE compared to the control
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(Figure 3a, p = 0.005). There was no significant effect for
the White/Asian students and CURE condition
(Figure 3b, p = 0.186). However, there were significantly
more students from Minoritized Groups retained in
mCURES than in control courses (Figure 3b, p = 0.023).

3.24 | STEM career interest

The STEM Career Interest Scales measured students'
interest in pursuing educational opportunities that would
lead to a career in science (STEM Career), the importance
they attached to a STEM career (STEM Importance), and
the support they received in pursuing a STEM career
(STEM Support). Based on a Kruskal-Wallis analysis,
there was no significant difference for the three condi-
tions when separated by race/ethnicity status (Table S8).

4 | DISCUSSION
41 | The CUREs were taught differently
than the control courses

Because the MCC protein-centric CURE was implemen-
ted in two different courses at two different minority-
serving CCs, it was important to determine that the
CURE courses were different from traditional (control)

courses with respect to the key features we used to define
a CURE (see the Introduction of this work for the specific
list). Students reported on the LCAS that discovery/rele-
vance, a centerpiece of CURE courses that is largely
absent from traditional courses, was significantly higher
in CURESs versus control for the Biology CC (Table S7).
Unfortunately, the statistical test for the Chemistry CC
discovery/relevance and Biology CC iteration did not
meet the Kruskal-Wallis assumption of equal distribution
(Levene's test p <0.05). Descriptively there was an
increase in the mean rank on discovery/relevance for the
mCURE compared to the control in the Chemistry CC
(Table S7). There was no significant difference in collabo-
ration in either CC or iteration at the Chemistry CC. In
the original LCAS study,” there were significant differ-
ences between the traditional and CURE courses in all
three scales, however, that is not always the case. Similar
to Cooper et al,”" we did not necessarily expect a differ-
ence in these two scales. Table S3 indicates that for the
traditional introductory chemistry course, there were
multiple iterations of semi-qualitative analyses, and
repeating experiments were reported in three of the con-
trol courses, and all CURE courses (Table S6). This
emphasis on repeating experiments in both control and
CURE courses likely accounted for the student percep-
tion of similar iteration. Additionally, students working
in small groups were emphasized in both types of courses
(Table S5) which supports the students’ perceptions of
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collaboration. The instructors of the CURE courses
described a course consistent with the MCC's definition
of a CURE, as well as in key indicators of course ele-
ments/activities (Tables S2, S3, S5, and S6). From these
data, it appears that the CURE courses were implemen-
ted as MCC-defined CUREs compared to more tradi-
tional laboratory courses.

4.2 | Limitations of this study

While our study collected data from ~160 students, some
of the individual groups were small (Table 1). To mitigate
possible problems from some of the small groups in the
different samples we compared, we were very careful to
check the assumptions underlying each type of test, and
did not report statistics where one of those assumptions
was violated (two groups in the LCAS, Table S7). Given
the difference in Minoritized Group status, as well as pos-
sible differences between the two CCs, we added “institu-
tion” as a covariate in the general linear model analysis.
The effect sizes in the general linear model analysis were
small (Table S4), which is likely tied to the small sample
size. We used a non-parametric test where the data did
not show normal distribution (LCAS and STEM Career
Interest) which is an assumption of the Kruskal-Wallis
test. The Kruskal-Wallis test does not allow for control-
ling the variation by institution. This was not an issue in
the LCAS because we disaggregated the tests by CC to
make sure that the CUREs and control classes were
taught differently within each institution. Even without
the institutional control, there was no significant differ-
ence for the STEM Career Interest Scales. The MCC has
expanded in the last couple of years and we anticipate
that as we continue to expand, we will be able to collect
more CC student data. Additionally, there were several
analyses that we could not perform because of institu-
tional data that were either not available or not supplied
by participating institutions. For example: we received
one-year retention data for students from the Chemistry
CC (control and mCURE), but not for students from the
Biology CC (control, mCURE, and cCURE). Therefore,
we could not compare the impact of CURE length on
retention of students from Minoritized Groups', which
might have revealed more important findings in addition
to what we present here.

Another possible limitation of this study was that the
original grant writers and developers of this study were
predominantly White, as were the instructors of the
courses. Since the control and CURE courses were taught
by the same instructors, any unconscious biases inherent
in their instruction would have little impact on this
research. Additionally, there was the possibility of a

change in instructor attitude because of the context of
CURESs, and that might have had an impact on student
outcomes. This was observed in another study where fac-
ulty indicated that their interactions with the students
changed in the CURE.> This may be a benefit of teach-
ing CURESs, which contributes to student outcomes, and
thus would be the same for any study comparing CUREs
to traditional laboratories. Given these limitations, these
findings may not be generalizable to other Minority-
Serving CCs. However, because of the under-study of
STEM instruction at CC institutions,*® these results are
important to improving our understanding of possible
CURE impacts at CC's.

4.3 | Differential effects of CUREs in CCs
underscore the importance of
undergraduate research toward
diversifying the STEM workforce

The effectiveness of CUREs on student learning and
affective outcomes was examined across these two
Minority-Serving CC classrooms. The biggest impact
observed was that 24% more students were retained
among those participating in the chemistry mCURE
course compared to control course participants
(Figure 3a). In contrast, the overall retention rate for the
Chemistry CC during these years remained steady with
less than 1% variation across the study years (publicly
available data from the institution). This finding is con-
sistent with an increased graduation rate at a four-year
institution, however that was for students who took mul-
tiple, sequential CURE semesters.”” Furthermore, it
appears that the significant difference in retention
between students from Minoritized Groups in the
mCURE and control courses could be driving the overall
retention difference (Figure 3b). These data suggest that
CURESs can be a highly effective strategy in improving
the STEM persistence of participating students from Min-
oritized Groups at CCs. While we must be cautious to not
over-extrapolate the significance of this result, it is excit-
ing to see the potential impact of CUREs on influencing
the retention of students from Minoritized Groups in
STEM coursework at CCs. Given the documented suc-
cesses that CUREs have had as a high-impact learning
practice that invites students to think and act as “real sci-
entists”, it could be that the simple exposure of students
from Minoritized Groups to such an authentic and
previously-unseen scientific experience generated a sense
of enthusiasm among these students, as well as the begin-
nings of a scientific identity.>®***° Retention data for
cCUREs were not available in this study, which is a gap
to be filled in future research.
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Another intriguing finding from our study was the
differential scientific literacy scores by Minoritized Group
status (Figure 1b). Strikingly, the performance scores of
students from this population surpassed the scores
of their White/Asian counterparts after taking the
cCURE, reversing the results in the control students.
Given the traditional barriers to accessing resources expe-
rienced by many students from Minoritized Groups,’*>>*
it is possible that this population of students are receiving
an educational experience that is more novel to them
than it is to other students. This novelty and subsequent
access to new scientific experiences, in turn, may be driv-
ing the scientific literacy gains among this population of
students.

We did not observe any significant differences by stu-
dent Minoritized Group status with respect to students’
experimental design abilities from this work. This indi-
cates student learning of experimental design was equiva-
lent across groups. Interestingly, students in mCUREs
scored significantly higher in their experimental design
test than students in the cCURE, which is not consistent
with the dataset that included all institutions.® Further
investigation is required to  elucidate  this
contradictory data.

Our study is one of the few studies to examine CURE
outcomes in CCs or explore CURE results by Minoritized
Group status. Other studies of student outcomes at CCs
and/or disaggregated by Minoritized Group status used
student self-assessment of learning®> or psychosocial
variables,***® making direct comparisons difficult. We
see similar results for objective measures of experimental
design and scientific literacy in this study. Interestingly,
Hanuaer (2017) found psychosocial factors, such as self-
efficacy and science identity were higher in Minoritized
Group CURE students than traditional classes.** This
was also true when studying CC students.”® Previous
research has indicated that increased self-efficacy and sci-
ence identity predict persistence.’®">° This may be a par-
tial explanation for the increased persistence found in
this study.

44 | Opportunities for significant
impact of CUREs at CCs

Our data highlight the potential CUREs have at CCs to
improve year-to-year retention, especially for students
from Minoritized Groups. Enrollment at CCs has been
decreasing in recent years, significantly impacting bud-
gets and funding.®® This trend has been exacerbated by
the recent COVID-19 pandemic, during which enroll-
ment at CCs decreased 17.6% with a loss of over 150,000
students in 2020 from the previous year.”’ CUREs have

the potential to be impactful at the institutional level at
CCs, as even modest improvements in retention will help
mitigate this detrimental effect.

Despite the significant barriers for CC students to par-
ticipate in undergraduate research at the student, faculty,
and institutional levels, CUREs have been successfully
implemented at CCs in recent years through involvement
with community partners,"* developing relationships
with four-year institutions,”®* and participating in the
Inclusive Research  Education Community>*
(a collaborative community supported by a centralized
scientific and programmatic structure to address a com-
mon scientific problem). The MCC network protein-
centric CURE model may represent another vehicle by
which CUREs can be successfully implemented at CCs.
The networked approach to the MCC allows for invalu-
able material and intellectual support, to make the task
of developing and implementing a CURE in a new envi-
ronment as straightforward as possible. Moreover, the
MCC network's existing CC participants have developed
pedagogical freely available models that have served
them well in their own CURE experiences.

4.5 | Recommendations for designing
versatile CUREs with potential for success
at CCs

It is a challenge to design a CURE with the versatility to
have success for any cohort of students, especially those
at CCs. This study was performed in parallel with two
other initiatives designed to examine the role of CURE
length or collaboration between CURE courses, and out-
side faculty on the efficacy of the MCC CURE on student
achievement.>>** We also published several articles on
teaching the MDH CUREs.****%*%* Based on the com-
bined findings of these studies, we propose three signifi-
cant factors to consider when designing a potentially
versatile CURE for CCs.

Collaboration—In the case of the MDH CURE,*
collaboration is defined as direct interactions between
faculty from another institution, and the CURE class.
Collaboration can eliminate the resource disparities
between student cohorts by dividing up scientific work
between institutions best suited for various aspects of the
project. Most importantly, collaboration brings a wide
diversity of student and instructor voices to the table in
implementing scientific research that can be equally
engaged in by all.*

Modularity—A modular CURE in which instructors
can select individual components that best suit their own
needs can be more easily adapted to a wider range of
classes. Modularity allows an instructor to make their
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CURE experience a full semester, a half semester, or any
other length of time. This format also enables instructors
to focus on specific topics or skills of interest that best fit
the demands of their target classes.™

Flexibility—Instructors could consider developing
experiments that do not need to be done within specific
time frames, thus allowing students with significant time
demands and/or erratic schedules the chance to partici-
pate. Flexibility also encompasses the financial and infra-
structure resources at each institution to plan
experiments that can be adapted to minimize costs and
maximize the utilization of existing institutional
resources.
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