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Attrition from the science, technology, engineering, and math (STEM) pipeline limits the number of graduates
needed to meet STEM workforce demand and impedes efforts to diversify the workforce. Identifying factors
that underlie academic success and STEM persistence is an important component to increasing the number of
STEM graduates. The current study utilizes the social influence process indicators of the Tripartite Integration
Model of Social Influence to investigate effects of course-based undergraduate research experience (CURE)
participation and to predict career intent in a diverse population. CURE participants experienced significant
gains in scientific self-efficacy, scientific identity, and career intent, while students in control courses did not.
Between-groups analysis showed that scientific self-efficacy and scientific identity increased significantly more
for CURE participants than for non-CURE participants. Regression analysis revealed that scientific identity was
the only significant predictor of a student’s career intent. This work underscores the central importance of pri-
oritizing scientific identity in STEM curricula to improve throughput in the STEM pipeline and illustrates the
usefulness of CUREs as viable interventions to positively influence factors that promote STEM career intent.
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INTRODUCTION

The science, technology, engineering, and math (STEM)
academic “pipeline” has garnered increasing attention over the
past 3 decades, with its emphasis on racial disparities and estab-
lishing a robust workforce. The STEM pipeline is particularly leaky
for underrepresented minority students (URMs). Completion of
STEM degrees for white students is nearly 60%, compared to 34
to 43% for Latinx and Black students (I). Continuation of this
trend will result in STEM careers and academic pipelines reflect-
ing historic patterns of underrepresentation. There is also a sub-
stantial concern that the supply of STEM graduates is continu-
ously outpaced by growth in STEM workforce needs. In 2012,
the Presidential Council of Advisors on Science and Technology
stressed that higher education in the United States would need
to produce | million more STEM graduates by 2022 to meet
workforce demand (2).

Consequently, efforts have been executed by governmental
agencies and researchers to address these issues. The Vision and
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Change in Undergraduate Biology Education report (3) encouraged
the integration of authentic research experiences in curricula and
a pedagogical shift to a student-centered approach. Student-cen-
tered learning approaches, such as undergraduate research expe-
riences (UREs), provide opportunities to investigate factors that
impact retention, an important element of a national strategy to
increase the pool of STEM graduates (2, 4, 5).

Because the pipeline continues to leak students and work-
force demand is expected to exceed supply, researchers must
identify factors critical to STEM persistence, inform retention-
related interventions, and address loss of talent from the STEM
pipeline. Studies investigating course-based undergraduate
research experiences (CUREs) suggest that CUREs provide a via-
ble mechanism to foster the development of factors related to a
student’s academic success and retention in STEM (6—10). While
various methods have been utilized to examine the effects of
CUREs, few studies have used the Tripartite Integration Model of
Social Influence (TIMSI) (11, 12).

Estrada and colleagues (I 1, 12) used UREs to develop the
TIMSI to assess factors that influence persistence of URMs into
STEM careers. The measures in the model, which are referred
to as social influence process indicators (e.g., scientific self-efficacy,
scientific identity, value orientation, mentorship, and career intent),
were developed in an exclusively URM sample. Few studies have
applied these measures in more diverse populations or investigated
the effects of CUREs. Of these few studies, Shuster et al. (13)
applied TIMSI to a CURE population comprised of 70% URM at a
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Hispanic-serving institution and observed positive gains in TIMSI
process indicators that were linked to graduation (13). Another
study used TIMSI to guide the coding process in a qualitative analy-
sis of a CURE but did not utilize the TIMSI measures directly (14).
The current study addresses this gap by exploring the utility of the
TIMSI measures in a diverse sample and investigates the effects of
CURE participation. To begin, we review the benefits of CURE
participation and how TIMSI provides a unique theoretical frame-
work for investigating factors that influence STEM persistence.

CUREs

There are a growing number of opportunities for under-
graduates to participate in research experiences. CUREs are
gaining popularity and students perceive them as positive experi-
ences and prefer them over traditional “cookbook’ labs (8, 15).
CUREs are designed to engage students in authentic research
(13, 16) and can broaden opportunities at scales not feasible for
traditional approaches. CUREs also encourage intellectual devel-
opment by providing students a route to improve scientific skills.
Students experience cognitive gains, including analyzing data,
interpreting results, and increased content knowledge (6—10,
17, 18). In a robust study with propensity-matched participants,
graduation with a STEM major and completion of a degree
within 6 years was significantly linked to CURE participation (5).
Thus, CUREs present opportunities to identify and investigate
factors that are critical to students’ academic success and per-
sistence in STEM. The current study uses the TIMSI model to
investigate learning gains associated with CUREs.

TIMSI framework

The TIMSI model was designed to predict URM persistence
in STEM career pathways by examining integration into the scien-
tific community. The model was derived from Kelman’s social
influence framework (19-21), which includes three social influ-
ence processes (i.e, compliance, identification, and internaliza-
tion) that describe how an individual’s interactions within a social
system predict their behavior and persistence of responses over
time. Analysis of the persistence of STEM students through a lens
of social influence can reveal influencing agents that intentionally
and unintentionally affect persistence and motivation in academic
environments (11). Estrada et al. (12) applied this model to aca-
demia by creating social influence process indicators to measure
students’ scientific self-efficacy, scientific identity, and value
orientation. The scientific self-efficacy, scientific identity, and
value orientation scales operationalize the compliance, identi-
fication, and internalization processes of Kelman’s model, respec-
tively. A mentorship scale that assesses the relationship quality
between students and their mentors is also included in the TIMSI.
Mentorship is described as a relationship between individuals with
different levels of experience in which a mentor provides profes-
sional guidance, offers career support, and influences student
engagement (I1). Quality mentorship can provide students with
instrumental and psychosocial support and relationship satisfac-
tion (22-24), which is positively related to science self-efficacy,
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scientific identity, and value orientation in URE participants (12).
Previous work using TIMSI suggested that scientific self-efficacy,
scientific identity, and value orientation are predictive of scien-
tific integration (career intent); however, scientific identity and
value orientation contributed stronger, unique, and significant
predictive values over scientific self-efficacy (12). A longitudinal
study of URMs indicated that scientific identity uniquely predicts
STEM employment (I I). The theoretical framework presented
by TIMSI provides valuable information concerning the relation-
ships of the social process indicators and suggests that these fac-
tors are predictive of students’ integration into the scientific
community. Our work highlights factors that influence persist-
ence and can inform institutional efforts to increase retention in
STEM. Thus, further investigation of TIMSI is warranted.

Current study

This study was conducted at a research-intensive, urban
institution in the southeastern United States. We explored
the utility of the TIMSI in a diverse population and investi-
gated differences between CURE and non-CURE samples.
Furthermore, the social process indicators were examined
as predictors of students’ intent to pursue a science-related
research career. The current study is designed to investigate
the following research questions (RQs):

RQ/I: What are the relations among students’ scientific self-
efficacy, scientific identity, value orientation, and mentorship?
RQ2: How does participating in CUREs affect students’
scientific self-efficacy, scientific identity, value orientation,
and career intent compared to a non-CURE sample?
RQ3: To what extent are students’ scientific self-efficacy,
scientific identity, value orientation, and mentorship predic-
tive of students’ intent to pursue a science-related research
career?

Consistent with the work of Estrada and colleagues (11, 12),
we expected scientific self-efficacy, scientific identity, value orienta-
tion, and mentorship would positively correlate with each other
(RQI). RQ2 is exploratory, because we were unsure how the
measures related to each other due to the limited number of stud-
ies that have used the TIMSI measures. However, we expected
CURE participants to experience larger gains from pre-test to
post-test compared to non-CURE participants. For the regression
analysis (RQ3), we expected all predictor variables would contrib-
ute; however, previous work had suggested that scientific identity
would significantly predict students’ intent to pursue a science-
related research career more than scientific self-efficacy, value ori-
entation, and mentorship (11, 12, 25).

METHODS

Participants

Participants (n = 182) were recruited from a large, urban
university. Students registered in CUREs (Table 1) were included
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TABLE | TABLE 2
CURE titles and participants Control and experimental group demographic characteristics
No. of Control Experimental
CURE title participants Variable group group
Behavioral Endocrinology 29 Age’ 222 +25yrs|23.7+6.0yrs
Microbial Ecology 9 Gender
International Genetically Engineered 8 Female 71% 74%
Machines Competition Male 29% 25%
Metagenomics and Microbes 5 Race
Vertebrate Development 14 Asian 28% 26%
Molecular Parasitology 10 Black or African American| 41% 36%
Total 75 Hispanic or Latinx 5% 3%
. . . . Multiracial 3% 3%
in the experimental group (n=75), while students enrolled in a X
. . . White 17% 22%
standard biology course were included in the control group
(n=107). Students coenrolled in both types of courses were Other 7% 8%
excluded from the analysis. Over a period of 3 semesters, we Classification
recruited from a pool of 701 students from the non-CURE zo- Freshman 19% 15%
ology course. A total of 15% participated in the study. We Sophomore 25% 35%
recruited from a total of 183 students enrolled in the CURE Junior 17% 1%
courses, and 41% participated in the study. Participant ages X
Senior 40% 38%
ranged from 18 to 49 years (22.6 * 4.0 years, mean * standard :
deviation [SD]). Thirty-nine percent self-identified as African Major
American or Black, 27% Asian, 19% white, 4% Hispanic or Biology 94% 90%
Latinx, 3% as multiracial, and 7% identified as other. Females Chemistry 1% 1%
comprised 72% of the sample, while 27% identified as male. In Neuroscience 4% 4%
addition, 7% identified as freshmen, 29% as sophomores, 15% Other 1% 4%

as juniors, and 39% as seniors. The majority identified as a
Biology major (93%), but 4% identified as a Neuroscience major;
1% identified as a Chemistry major, and 2% identified as having
another major. Table 2 provides information regarding the dem-
ographics of each group.

Description of the participating courses

Control group. A standard, 3000-level zoology course
was selected as a comparison group because it is required of all
biology majors and thus was expected to be representative of
all biology majors. The course is a traditional survey of animal
phyla delivered in a lecture-based format. No research or labora-
tory element is included in these course sections. Direct engage-
ment of students with primary literature is rare or absent com-
pletely. Class sections meet two to three times per week for 50
to 75 min, and instructors rely heavily on summative assessments
to gauge student learning. Students participating in this study were
all enrolled in sections taught by experienced faculty instructors.

Experimental group. The CURE courses in this study
(Table |) were organized around the five criteria for CUREs
defined by Auchincloss et al. (26) and were characterized by
close instructor engagement coupled with student independ-
ence in designing and executing experiments and a goal of
equipping students with competencies representative of STEM
careers. The CUREs were oriented around topical areas ranging
from microbiology to animal behavior. All CUREs were upper
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“Reported values are means + SD.

division offerings taught by faculty instructors with at least 4
years of experience teaching CUREs. Hypothesis formation and
testing, analysis, literature searches, and interpretation of results
(use of scientific practice) were integrated throughout the semes-
ter to interrogate questions to create new knowledge (discovery)
with the aim to ultimately produce publishable results of interest
beyond the classroom or products to solve problems to industrial
or medical applications (broad relevance). Per Auchincloss et al.
(26), the broader relevance component distinguished all CUREs
in this study from inquiry-based labs. Each CURE was organized
around a research area (e.g, hormonal regulation of social behav-
ior in a specific fish model) that focused attention of the course
yet provided freedom and autonomy with respect to specific
questions asked by students. Extensive teamwork characterized
these courses (collaboration) in group meetings, reports, and pre-
sentations. Iteration is an important part of the scientific process,
and students experienced this over the term as they moved
through the cyclical process of experimental design, hypothesis
testing, and refinement. Each CURE met in person twice per
week for 2 to 3 h to learn techniques, explore primary literature
through journal club activities, and train in experimental design.
Instead of examinations to assess students, writing assignments,
presentations, laboratory notes, and oral presentations were
utilized. Most experimental work was performed by students
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throughout the week at times that fit their personal schedules,
and students were provided unsupervised access to science
buildings and the laboratory. Student researchers typically invested
10 to I5h of time outside of class hours per week to complete
assignments and experiments.

Measures

Scientific self-efficacy. The scientific self-efficacy mea-
sure was a 6-item scale designed to assess confidence to perform
scientific tasks. Participants responded using a 5-point Likert scale
ranging from | (not at all confident) to 5 (absolutely confident).
An example item is, “l am confident that | can create explana-
tions for the results of a study”” The measure demonstrated
good reliability (o = 0.90).

Scientific identity. The scientific identity measure was a
5-item scale that assessed the extent to which participants identi-
fied as scientists. Participants completed the scale using a 5-point
Likert scale ranging from | (strongly disagree) to 5 (strongly
agree). An example item is, “| feel like | belong in the field of
science.” The scale demonstrated good reliability (o = 0.87).

Value orientation. The value orientation measure was
a 4-item scale that measured students’ values of scientific objec-
tives. The scale required participants to rate how much a descrip-
tion aligned with them personally. Participants responded using a
6-point Likert scale ranging from | (not like me at all) to 6 (very
much like me). An example item is, “A person who thinks discus-
sing new theories and ideas between scientists is important.”
Reliability of this measure was good (o = 0.87).

Mentorship. The mentorship measure was a 9-item scale
that examined the extent to which faculty members contributed
to development in students’ science careers and provided psy-
chosocial, instrumental, and networking support. Participants
responded using a 5-point Likert scale ranging from | (not at all)
to 5 (to a very large extent). An example item is, “To what extent
has your mentor given you challenging assignments that present
opportunities to learn new skills?” The mentorship scale demon-
strated good reliability (o = 0.93).

Career intent. The career intent scale was a single-item
scale to measure the extent to which students intended to pursue
a science-related research career. Participants were asked, “To
what extent do you intend to pursue a science related research
career?” Participants answered using a slider scale from O (defi-
nitely will not) to 10 (definitely will).

Procedures

A total of six CUREs and a standard biology course were
selected for inclusion in this study. Participants were recruited
via information shared by faculty teaching these courses and by
e-mails to students from the study team. At the beginning of the
semester; a survey link for the pre-test was emailed to students
and instructors for a total of 3 semesters. Links to the post-test
were distributed at the end of each term. Students were not pro-
vided compensation from the principal investigator. Pre-test meas-
ures included scientific self-efficacy, scientific identity, and value
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orientation, along with demographic information. The post-
test measures were the same but also included a mentorship
measure.

Ethics statement

All research protocols were approved by the Georgia
State University Institutional Review Board (IRB H19618) and
were performed in accordance with institutional and federal
policies.

Analytic summary

The analysis proceeded in several stages. First, we per-
formed a factor analysis to assess factor loadings of each
item. The preliminary factor analysis yielded positive results.
All items loaded appropriately on the corresponding scale
(Table 3). We then calculated bivariate correlations to eval-
uate the relations among the measures (RQI). Next, we
conducted dependent t tests (o = 0.05) to investigate
within-group differences. Composite scores were calculated
to decrease the number of tests. For each scale on the pre-
test and post-test, composite scores were generated by
averaging the items on each scale. Because the career intent
scale contained a single item, an average was not necessary.
Thus, participants had a total of eight scores representing
scientific self-efficacy, scientific identity, value orientation,
and career intent: four from the pre-test and four from the
post-test. After that, we conducted independent t tests to
investigate between-group differences (RQ2). We used stu-
dents’ composite scores to create difference scores for in-
dependent t tests. Difference scores for each variable were
computed by subtracting students’ pre-test composite
score from their post-test composite score. Multiple linear
regression analysis was performed to explore the extent to
which students’ scientific self-efficacy, scientific identity,
value orientation, and mentorship were predictive of intent
to pursue a science-related, research career (RQ3).

RESULTS

Correlations

Bivariate correlations were calculated for all of the main
study variables. All of the variables were positively correlated,
and the majority were significantly related for each group.
Because our main interest was to investigate differences between
the CURE and non-CURE group, we have only reported on the
differences that emerged. However, all correlations are reported
in Table 4. Interestingly, the correlation strength from pre-test to
post-test increased for most of the variables for the CURE
group, while most correlations in the control group weakened.

Career intent and value orientation were not related for
the CURE sample (r=0.16) but were positively and significantly
related for the non-CURE group (r=0.44, P<0.01). However,
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TABLE 3
Results of factor analysis for TIMSI scales
Factor loadings
Factor Pre Post
Scientific self-efficacy (o = 0.90; 22% of variance)
|. Use technical science skills (use of tools, instruments, and/or techniques) 0.67 0.72
2. Generate a research question to answer 0.75 0.78
3. Figure out what data or observations to collect and how to collect them 0.84 0.83
4. Create explanations for the results of the study 0.85 0.81
5. Use scientific literature and/or reports to guide research 0.80 0.75
6. Develop theories (integrate and coordinate results from multiple studies) 0.84 0.82
Scientific identity (o = 0.83; 5% of variance)
|. I have a strong sense of belonging to the community of scientists 0.77 0.81
2. | derive great personal satisfaction from working on a team that is doing important research 0.62 0.80
3. | have come to think of myself as a “scientist” 0.66 0.86
4. | feel like | belong in the field of science 0.78 0.71
5. The daily work of a scientist is appealing to me 0.59 0.70
Value orientation (0. = 0.88) (10% of variance)
I. A person who thinks discussing new theories and ideas between scientists is important 0.77 0.77
2. A person who thinks it is valuable to conduct research that builds the world’s scientific knowledge 0.87 0.85
3. A person who thinks scientific research can solve many of today’s world challenges 0.81 0.77
4. A person who feels discovering something new in the sciences is thrilling 0.74 0.73
Mentorship (o = 0.93; 30% of variance)
|. To what extent has your mentor discussed your questions or concerns regarding feelings of 08l
competence, commitment to advancement or relationships with peers?
2. To what extent has your mentor conveyed empathy for concerns or feelings you have discussed 0.83
with him or her?
3. To what extent has your mentor encouraged you to talk openly about anxieties and fears? 0.80
4. To what extent has your mentor shared personal experiences with you? 0.76
5. To what extent has your mentor helped you finish assignments/tasks or meet deadlines that
otherwise would have been difficult to complete? 0.79
6. To what extent has your mentor helped you improve your writing skills? 0.86
7. To what extent has your mentor helped you meet people elsewhere? 0.76
8. To what extent has your mentor helped you meet other people in your field at the university? 0.79
9. To what extent has your mentor given you challenging assignments that present opportunities to 073
learn new skills?

these correlations were positively and significantly related in
the post-test (CURE: r=0.26, P<0.0l; non-CURE: r=0.37,
P<0.01). Mentorship and value orientation were unrelated for
each group but significantly related for the non-CURE sample
(r=0.19, P <0.05). Similarly, mentorship and career intent were
unrelated for the non-CURE sample but positively and signifi-
cantly related in the CURE sample (r=0.32, P<0.01).

Dependent t test

Paired-sample t tests were conducted to compare students’
pre-test and post-test scientific self-efficacy, scientific identity,
value orientation, and career intent scores for each sample.

December 2022 Volume 23 Issue 3

Control group (non-CURE). There were no significant
differences within the control group’s pre-test and post-test
scores on any of the scales. The average scientific self-efficacy
score slightly increased from pre-test (3.97 £ 0.65 [mean + SD])
to post-test (4.04 + 0.73), and career intent score increased from
pre-test (651 £ 2.86) to post-test (6.68 + 2.65). However, these
gains were not significant. The average scientific identity score
decreased from pre-test (3.85 + 0.75) to post-test (3.78 + 0.92),
and students’ value orientation decreased from pre-test
(5.23 + 0.82) to post-test (5.15 % 0.76), but these changes
were not significant. Similarly, students’ average value orienta-
tion score decreased from pre-test (523 + 0.82) to post-test
(5.15 £=0.76), but again these changes were not significant.
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TABLE 4
Correlation analysis results
Group and scale Pre-test Post-test
Experimental group Category score | Correlation® Category score | Correlation®
(mean % SD) | 2 4 | (mean +SD) | 2 3 4 5

|. Scientific self-efficacy | 3.50 + 0.83 4.26 +0.60

2. Scientific identity 3.94+0.72 0.45™" 423071 0.56™

3. Value orientation 549 +0.72 0.37" | 0.56™ 5.52£0.82 0.46™ | 0.34™

4. Career intent 6.91 +2.52 0.10 | 029" 7.51 +2.37 0.30™ | 0.50™ | 0.26™

5. Mentorship 3.92+0.79 031" | 042" | 0.17 0.32™
Control group

|. Scientific self-efficacy | 3.96 + 0.65 4.03£0.73

2. Scientific identity 3.85+0.75 0.50"" 3.79+0.92 0.37*

3. Value orientation 5.23+0.82 0.44™ | 0.58™ 5.16 £0.76 0.43" | 0.50"

4. Career intent 6.52 +2.85 0.18 0.48™ | 0.44™ 6.71 £2.66 0.21™ | 057 | 037

5. Mentorship 328+ 1.10 0.25" | 0.34™ | 0.19" | 0.18

“The strength of a correlation was determined using Pearson’s r. ™, P<0.01; *, P< 0.05.

Experimental group (CURE). In contrast to the pattern
observed in the control group, students in CUREs experienced
significant gains. The average scientific self-efficacy significantly
increased from pre-test (3.50 *+ 0.83) to post-test (4.26 * 0.61)
[t(72) = —7.77, P<0.001, d=0.82]. Furthermore, students’ scien-
tific identity significantly increased from pre-test (3.95 + 0.73)
to post-test (423 = 0.72) [t(72) = —2.99, P<0.05, d=0.79].
Although the average value orientation score increased from pre-
test (5.47 £ 0.73) to post-test (5.51 +0.83), the differences were
not significant. Students’ career intent increased significantly from
pre-test (6.94 + 2.56) to post-test (7.51 * 2.40) [t(72) = —2.09,
P<0.05,d=231].

Independent t test

Independent sample t tests were conducted to investigate
differences between the CURE and non-CURE groups in terms
of scientific self-efficacy, scientific identity, value orientation, and
career intent scores. The CURE group’s scientific self-efficacy
scores (0.75 * 0.83) were significantly higher than the non-
CURE scores (0.06 = 0.70) [t(177) = —5.91, P<0.001]. In addi-
tion, students enrolled in CUREs had significantly higher scien-
tific identity scores (0.27 + 0.79) than students in the control
group (—0.07 + 0.76) [t(177) = —2.97, P< 0.05]. Although
CURE students had higher value orientation scores (0.03 + 1.03)
than students in the control group (—0.07 * 0.65), the difference
was not statistically significant [t(177) = —0.87, P=0.38].
Similarly, students in CURE courses had higher career intent
scores (0.49 £ 2.38) than the control group (0.16 % 2.96), but
these differences were not significant.

Regression analysis

Multiple linear regression analysis was used to explore the
extent to which students’ self-reported scientific self-efficacy,
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scientific identity, value orientation, and mentorship predicted
their intent to pursue a science-related research career (Table 5).
We performed two multiple linear regression analyses to deter-
mine whether the models differed between the groups. With
respect to the CURE group, regression analysis resulted in a
four-predictor model that accounted for 27% of the variance
in students’ intent to pursue a science-related research career
[Fu, 67y=6:45, P<0.001, R? = 0.27). Scientific identity significantly
predicted students career intent (B = 0.42, P<0.05), while scien-
tific self-efficacy (B = 0.01, P=0.93), value orientation (3 = 0.0,
P=0.88), and mentorship ( = 0.14, P=0.21) did not significantly
contribute to the model. For the control group, regression analy-
sis resulted in a four-predictor model that accounted for 33% of
variance in students’ intent to pursue a science-related research
career [Fu, j01y= 1247, P<0.001, R? = 0.33]. Similar to the CURE
group, scientific identity (B = 0.52, P<0.001) predicted students’
career intent significantly, while scientific self-efficacy (B = —0.03,
P=0.71), value orientation (§ = 0.1, P=0.23), and mentorship
(B =—0.01 P=0.89) did not significantly contribute to the model.
Overall, scientific identity played a significant role in predicting
students’ intent to pursue a science-related research career.

To staunch leakage from the STEM pipeline and address
concerns of STEM workforce shortages, it is imperative that
we further elucidate how certain factors influence STEM stu-
dents’ academic success. TIMSI provides a theoretical framework
that helps contribute to our understanding of how scientific
self-efficacy, scientific identity, and value orientation influence
integration into the scientific community. To our knowledge,
no studies have used TIMSI measures to assess effects of
CURE participation, and so exploratory analysis guided our
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TABLE 5
Multiple linear regression results
Source B B SE B t P
Experimental group
Scientific self-efficacy 0.04 0.52 0.0l 0.07 0.93
Scientific identity 1.40 0.46 0.42 3.04 0.00
Value orientation 0.08 0.55 0.0l 0.14 0.88
Mentorship 0.42 0.34 0.14 1.24 0.21
Control group
Scientific self-efficacy —0.12 0.33 —0.03 —0.36 0.71
Scientific identity 1.52 0.28 0.52 5.33 0.00
Value orientation 0.40 0.34 0.11 1.19 0.23
Mentorship —0.02 0.20 —0.01 —0.12 0.89

work. Thus, the overarching goal of the current study was to
use the TIMSI measures to investigate how CURE participa-
tion affected students’ scientific self-efficacy, scientific identity,
value orientation, mentorship, and career intent compared to
a non-CURE control sample.

The current study contributes to the literature by quantify-
ing the gains associated with CURE participation compared to a
non-CURE sample. Results from the factor analysis demon-
strated that all items on each TIMSI scale loaded appropriately
on the corresponding constructs, suggesting use of the TIMSI
measures can be expanded beyond URMs to racially diverse
populations. Bivariate correlations among students’ scientific
self-efficacy, scientific identity, career intent, value orientation,
and mentorship were positively related, and the majority of the
relationships were significant. Though overall patterns in corre-
lations were similar between the CURE and the non-CURE
groups, strengths of the correlations weakened for the control
group from pre-test to post-test while they were strengthened
for the CURE group. These trends suggest that CUREs are par-
ticularly effective in strengthening the relationships among these
variables, which could be the result of CUREs integrating differ-
ent aspects of science within a single experience (e.g., learning
how to “be” a scientist while “doing” coupled with shared
responsibility of instructors and students for generating new sci-
entific knowledge; refer to descriptions of courses regarding
characteristics of CUREs) rather than lecture-based courses that
focus on knowledge acquisition. For instance, lecture-based
courses may be less likely to positively influence the relationship
between students’ scientific self-efficacy and other variables due
to a “‘sage-on-the-stage” instructional format. “Sage-on-the-stage”
pedagogy conveys to students that the value of science training is
primarily knowledge acquisition, at the loss of greater under-
standing how perspectives of self and one’s efficacy are
interconnected.

Furthermore, non-CURE students did not experience signif-
icant gains from pre-test to post-test. However;, CURE students
experienced significant gains in their scientific self-efficacy, scien-
tific identity, and career intent. These results were further
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supported when investigating between-group differences. CURE
students reported significantly higher scientific self-efficacy, scien-
tific identity, and career intent scores than the non-CURE sample
students. In comparison to non-CURE courses at the study site,
CUREs were intentionally designed to promote collaboration
among students and student-instructor interaction, utilize collec-
tive troubleshooting and iterative refinement of experi-
mental processes, and foster independence in learning lab-
oratory techniques.

Olimpo et al. (18) conducted a similar study comparing
CURE and non-CURE courses in a diverse population.
However, the results differed from those in the current study.
Olimpo et al. (18) observed that students participating in the
Tigriopus CURE declined in terms of intrinsic motivation, self-
determination, self-efficacy, and grade motivation, based on
use of the CLASS-Bio and BMQ instruments. It is interesting
to note that CURE students declined in these measures but
that traditional laboratory students experienced a greater
decrease in each. CURE participants in the current study, in
contrast, experienced gains in scientific self-efficacy, STEM ca-
reer intent, and scientific identity. Population characteristics,
such as percentages of first-year students (>55% first-year
students in the Olimpo et al. study versus <20% in the cur-
rent study) may account for these differences, but we stress
that a student’s background, educational experiences, and
instructors also may influence a student’s academic experien-
ces while in CUREs.

Value orientation and mentorship scores did not sig-
nificantly differ between the groups, suggesting that stu-
dents generally valued research and advancing scientific
knowledge regardless of the type of course. We antici-
pated that CUREs would significantly impact students’
mentorship experiences compared to a non-CURE sam-
ple. Faculty in traditional, non-CURE courses primarily
serve instructional roles, while CUREs prioritize mentor-
ship (16). Therefore, we were surprised to find that men-
torship was not affected by the type of course. However,
the CURE sample included several different CUREs, each
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taught by a different instructor. It is possible that variation
of mentorship experiences in the CUREs obscured differ-
ences between groups. Because mentoring relationships
are complex and outcomes range widely (24), future stud-
ies of CURE outcomes should consider which mentoring
interactions contribute most strongly to positive out-
comes while avoiding negative mentoring interactions that
can occur in UREs (26). In general, our findings suggest
that CUREs have a greater impact on students’ scientific
self-efficacy, scientific identity, and career intent compared
to a standard course. These findings underscore prior
findings that CUREs offer a student experience distinct
from traditional learning opportunities (16), and they lend
support to efforts to expand CUREs as a means to posi-
tively impact factors related to STEM persistence. We are
not suggesting that standard courses be replaced by
CUREs, but we highlight the benefits of participating in
CUREs and encourage their implementation.

Additionally, regression analyses were used to investi-
gate the extent to which scientific self-efficacy, scientific
identity, value orientation, and mentorship predicted stu-
dents’ intent to pursue a science-related research career.
Regression analyses revealed that scientific identity was the
only significant predictor of career intent, consistent with
Estrada et al. (1 I). These findings suggest that it is important
to prioritize practices like CUREs to positively impact stu-
dents’ scientific identity. Although scientific identity is a
recurrent theme in the literature, factors that affect scien-
tific identity are not as well known. As institutions exert
efforts to maintain and increase retention rates, additional
research is necessary to elucidate factors that directly and
indirectly impact students’ scientific identity to combat loss
of talent from the STEM pipeline.

Although this work demonstrates gains associated
with CURE participation, there are limitations that should
be noted. Data in this study were collected via survey
methods, which can introduce inaccurate and incomplete
responses (27, 28). Confirmatory factor analysis yielded
results similar to existing studies, and incomplete ques-
tionnaires were excluded from analysis. Thus, we believe
the survey methods were not problematic for the current
study. In addition, students were not randomly assigned to
conditions. Students were able to enroll in CURE courses,
which may have introduced self-selection bias. That is, stu-
dents who enrolled in the CURE courses may have been
different from students who did not enroll in a CURE. It
may be beneficial for future studies comparing the effects
of CURE and non-CURE participation to consider random
assignment or matching procedures.

The results of this study indicate that CUREs are a
promising route to positively impact student success in
STEM. While additional studies are necessary to fully under-
stand the factors that contribute to scientific identity, reten-
tion-related programs can leverage CUREs as a means to
maximize likelihood that students of all backgrounds pro-
gress through the STEM pipeline.
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