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Subject/Problem

Undergraduate participation in research experiences can improve student attitudinal outcomes and
retention in STEM.! However, most institutions lack the resources to include broad student
populations in research.!? Students also face many barriers that may limit their participation, such
as hesitancy to approach faculty, financial barriers, and a lack of awareness of research
opportunities or their benefits.> Furthermore, these barriers may be amplified for students with
identities that are underrepresented in science.* Course-based Undergraduate Research
Experiences (CURESs) have emerged as a means to lower participation barriers and include diverse
populations of students in research, particularly if these CURESs are incorporated into introductory
courses.” Such CUREs maximize research accessibility to all students early in their academic
career and may increase retention by supporting the development of student scientific self-efficacy,
science identity, and sense of belonging in both research and academic communities.>%’” However,
despite their potential student benefits, CUREs in introductory courses are uncommon.?

Self-efficacy, or the belief of one’s ability to complete tasks, predicts academic perseverance® and
has been positively linked to science identity, or  Demographic Variable % (n) of students

the perception of oneself and recognition by in dataset
others as a science person.”!? Science identity
influences students’ academic success and
career trajectories.! Internalization of the “3ziiorin in science
values of the scientific community, such as No 62.2 (112)
feeling that conducting scientific research is  Yes 33.3 (60)
important, has also been positively related to the ~ Prefer not torespond 4.4(8)
intention to pursue a scientific career.” However,
students that see themselves as  Gender
underrepresented or marginalized in science Woman 69.4 (125)
may face difficulties developing their science Man 25.5 (46)
identity and sense of belonging in the scientific ~ Non-binary 2.70)

1 Transgender 0.5 (1)
community. Prefer not to respond: 1.1(2)
In this study, we implemented a two-semester 7 .

. . irst Generation

CURE across an introductory biology yp 75 (135)

laboratory sequence for STEM majors. This  Yes 25 (45)
CURE was implemented in all sections of the
sequence, ensuring broad student participation

rather than selective opt-in. Using attitudinal ;Vgrkmg 58.3 (105)
surveys, we agked hov&f students’ scientiﬁc. self- e, part-time 28.9 (52)
efficacy, science identity, and science Yes, full-time 8.3 (15)
community values change throughout a first-  Prefer not to respond 4.4 (8)

year, two-semester CURE. Moreover, given
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that students face different barriers to their development of science identity, self-efficacy, and
sense of belonging in the scientific community, we asked how student attitudes may vary across
demographic groups before, during, and after CURE participation.

Design/Procedure

This prOJ.ect' tQOk 'place at a largea pu‘phc Table 1. Demographic composition of student population.
research institution in the southeastern United

States, and was conducted in two first-year/introductory-level biology laboratory courses
(Institutional IRB no 21.0170). These courses teach fundamental principles of biology while
guiding students through a research experience investigating soil microbiomes. The first semester
of the CURE focuses on molecular biology techniques and concepts, during which students locally
collect soil samples and associated metadata. Students then analyze their individual soil sample’s
chemistry and microbiome in the lab. In the second semester of the CURE, students analyze data
collected across all student groups from the first semester and form hypotheses related to the
principles of community ecology. Students perform statistical analyses and report their findings
through a collaborative writing project.

Surveys

From Fall 2021-Spring 2024, we measured scientific self-efficacy, science identity and scientific
community values using a quantitative attitudinal survey.” Students could elect to complete the
attitudinal survey for extra credit at three timepoints: beginning of semester one, end of semester
one, and end of semester two. Students could also complete a demographic survey for extra credit.
Table 1 summarizes our demographic survey data.

Our survey contained Likert-scaled _Construct Example Survey Questions
questions from Estrada et al., 2011 that Scientific self-efficacy ~ “Please indicate how confident you

.. _ are in your ability... to create
assessed scientific self-efficacy (n=6 explanations for the results of the

questions), science identity (including study.”
sense of belonging; n=>5), and scientific  Science identity “Please indicate the extent to which
community values (n=4) (Table 2). you agree with the statements
Although we used a previously below.... I have a strong sense of

. . belonging to the community of
published instrument, we conducted a oS ;

. . scientists; ...I have come to think of

confirmatory factor analysis to verify myself as a scientist”
that survey items loaded significantly  Science community “Please rate how much the person in
on their respective scales (standardized — values the description is like you... a person

who thinks it is valuable to conduct
research that builds on the world’s
Data Analysis Methods scientific knowledge”

Table 2. Example survey questions

factor loadings range: 0.67-0.86).

Students (n = 180) were included in

the analysis if they were 18 years of age or older, completed the attitudinal survey at all three
timepoints, and remained in the dataset after filtering for response patterns that indicated lack on
engagement with the survey. Due to small sample size, students identifying as non-binary or
transgender were omitted from the analysis, and we combined students who were working full-
time and part-time into a single category. Consequently, each analysis compared two
demographic groups: self-reported minority in science (yes/no), gender (women/men), first
generation (yes/no), and working (yes/no) (Table 1).
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Questions under each of the three constructs (scientific self-efficacy, science identity, and science
community values) were averaged together to create mean scores for each construct for each
student at each of the three survey timepoints. To compare each construct’s mean across timepoints
while accounting for non-normality and repeated measures, we used a Wilcox signed-rank test. To
compare the mean of each construct between demographic groups at each of the three timepoints
separately, a Wilcoxon rank-sum test (Mann-Whitney U test) was used. We selected this non-
parametric test due to the non-normal data distribution and independent nature of the samples from
demographic groups at single time points. All statistical analyses were conducted using R v4.3.2.13

Analyses and findings

How does students’ science identity, scientific self-efficacy, and science community values change
throughout the two-semester CURE?

Across all students, scientific self-efficacy increased substantially after one semester of the CURE
(Wilcox p < 0.001), and again, slightly, after a second semester (Wilcox p = 0.0019, Figure 1A).
Similarly, students experienced improvement in science identity after one semester of the CURE
(Wilcox p <0.001) and sustained these gains after a second semester (Wilcox p =0.27, Figure 1B).
Students’ scientific community values started high before CURE participation and were
maintained throughout; although the means for scientific community values were statistically
different after one (Wilcox p =0.017, Figure 1C) and two semesters (Wilcox p = 0.026), the actual
difference in means was negligible.
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Figure 14-C. Distributions of scientific self-efficacy, science identity, and science community values across three survey timepoints
(pre-CURE, post one semester of a CURE, and post two semesters of a CURE. Means at each time period are indicated by a gold
diamond.

Do attitude changes in CURE vary by demographic group?

Iy

Prior to starting the CURE, students who were not working had a
slightly but significantly higher scientific self-efficacy than those who
were working (Wilcoxon p = 0.004, Figure 2). After one semester of
the CURE, that difference in self-efficacy is no longer seen. However,
by the end of the second semester, non-working students again had a
marginally higher scientific self-efficacy than working students (p =

©

Scientific Self - Efficacy Pre - CURE
n

0.056). !

Working Not Working
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Interestingly, prior to starting the CURE, students who self-identified as
minorities in science had a slightly but significantly higher science
identity than students who did not identify as minorities in science

Figure 2. Scientific self-efficacy
scores for students who are working
(blue, left) and not working (pink,
right)  before entering CURE.

(Wilcoxon p = 0.03, Figure 3), but after one and two semesters of the Means for each group are indicated

CURE, there is no difference in science identity between students that %480l diamond

do and do not identify as minorities in science.

Scientific self-efficacy, science identity, and science community values did not differ significantly
across gender or first-generation status demographics at any time point.

Contribution

Our results align with previous work on upper-level CURE
participation, which found increased student scientific self-efficacy
and science identity, but no change in scientific community values.'#
Our work demonstrates that these patterns hold true for an
introductory-level CURE as well. We also found that an extended
CURE may strengthen gains seen in a single semester CURE, as
scientific self-efficacy and science identity gains were maintained
despite students’ facing new challenges in data analysis and Minarty i Science Nen - inory

scientific writing in the second semester of our CURE. Figure 3. Science identity scores for
students who identify as a minority

Our work contributes to the gap in our understanding of how student i science (blue, left) and students
. . . . with non-minority status (pink,
outcomes from CURE participation may differ by demographics. vight) before entering CURE
Specifically, we found that scientific self-efficacy, science identity, Means for each group are indicated
and science community values were overall consistent, regardless of by a gold diamond.
first-generation status, gender, current employment situation, or
whether students self-identified as a minority in science. This is remarkable given previous
research suggesting that different students may obtain different outcomes through research
participation. * We chose to analyze students’ self-selection of ‘minority in science,” because not
all marginalized identities are visible and individual student’s perceptions vary. However, because
of this, it is not apparent which aspects of these students’ identities are driving their selection. We
acknowledge that these students likely have different experiences relative to their marginalized
identity and encourage further work in this area, including consideration of intersectionality, to
more deeply explore the nuances of student experiences in CURESs.

IS

Science Identity Pre-CURE
w

In this study, we observed notable ceiling effects (i.e., student responses are capped at a maximum
value on our surveys) for scientific self-efficacy, science identity, and particularly scientific
community values. It is logical that STEM majors enter CUREs with high scientific community
values, as their prior passion about science may be what led them to this course. It is encouraging
that students’ scientific community values are maintained throughout an introductory CURE,
despite experiencing the challenges of conducting scientific research while adjusting to life as a
college student. For scientific self-efficacy and science identity, no or few students (respectively)
are reaching the ceiling pre-CURE, but after one or two semesters of the CURE, students are
reaching the upper limit of the surveys’ scales. Moreover, students that report very weak feelings
of scientific self-efficacy and science identity are less common particularly after two semesters of
the CURE, represented by the shortening of the tails across our data distributions (Figure 1). This
suggests that students with both high and low scientific self-efficacy and science identity are seeing
gains in these areas.
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Finally, we emphasize that qualitative research (e.g., interviewing students) may uncover aspects
of student experiences that were not captured by our quantitative analyses. The next steps of this
research will use student interviews to study how different CURE components, such as mentorship,
peer collaboration, and a student’s own sociocultural identity, shape their science identity.

General interest

Engaging diverse populations of students in meaningful science experiences should be of interest
to all NABT members. We demonstrate the effectiveness of a two-semester introductory biology
CURE in promoting student attitudes in science and suggest that this approach could be adapted
to benefit introductory-level biology students across diverse institutions, including high school,
two-year colleges, and four-year colleges. Additionally, though this study is situated within an
undergraduate-level biology CURE, the findings may be applied to other STEM disciplines or
environments featuring mentorship and collaboration.
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