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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 (1). 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 1 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

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 (11, 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

Editor Lisa K. Elfring, University of Arizona

Address correspondence to Department of Biology, Georgia State

University, Atlanta, Georgia, USA. E-mail: pulrich@gsu.edu.

The authors declare no conflict of interest.

Received: 8 April 2022, Accepted: 5 August 2022,

Published: 6 September 2022

Copyright© 2022Newell and Ulrich. https://creativecommons.org/licenses/by-nc-nd/4.0/. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International license.

December 2022 Volume 23 Issue 3 10.1128/jmbe.00051-22 1

Research Article

https://orcid.org/0000-0002-1504-6146
https://orcid.org/0000-0002-2290-6327
mailto:pulrich@gsu.edu
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1128/jmbe.00051-22
https://crossmark.crossref.org/dialog/?doi=10.1128/jmbe.00051-22&domain=pdf&date_stamp=2022-9-6


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 (11). Quality mentorship can provide students with

instrumental and psychosocial support and relationship satisfac-

tion (22–24), which is positively related to science self-efficacy,

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 (11). 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):

RQ1: What are the relations among students’ scientific self-
efficacy, scientific identity, value orientation, andmentorship?

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

(RQ1). 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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in the experimental group (n=75), while students enrolled in a

standard biology course were included in the control group

(n=107). Students coenrolled in both types of courses were

excluded from the analysis. Over a period of 3 semesters, we

recruited from a pool of 701 students from the non-CURE zo-

ology course. A total of 15% participated in the study. We

recruited from a total of 183 students enrolled in the CURE

courses, and 41% participated in the study. Participant ages

ranged from 18 to 49 years (22.6 ± 4.0 years, mean ± standard

deviation [SD]). Thirty-nine percent self-identified as African

American or Black, 27% Asian, 19% white, 4% Hispanic or

Latinx, 3% as multiracial, and 7% identified as other. Females

comprised 72% of the sample, while 27% identified as male. In

addition, 17% identified as freshmen, 29% as sophomores, 15%

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 1) 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

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 3h 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

TABLE 1

CURE titles and participants

CURE title
No. of
participants

Behavioral Endocrinology 29

Microbial Ecology 9

International Genetically Engineered

Machines Competition
8

Metagenomics and Microbes 5

Vertebrate Development 14

Molecular Parasitology 10

Total 75

TABLE 2

Control and experimental group demographic characteristics

Variable
Control
group

Experimental
group

Agea 22.2 ± 2.5 yrs 23.7 ± 6.0 yrs

Gender

Female 71% 74%

Male 29% 25%

Race

Asian 28% 26%

Black or African American 41% 36%

Hispanic or Latinx 5% 3%

Multiracial 3% 3%

White 17% 22%

Other 7% 8%

Classification

Freshman 19% 15%

Sophomore 25% 35%

Junior 17% 11%

Senior 40% 38%

Major

Biology 94% 90%

Chemistry 1% 1%

Neuroscience 4% 4%

Other 1% 4%
aReported values are means ± SD.
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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 15h 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 1 (not at all confident) to 5 (absolutely confident).

An example item is, “I am confident that I can create explana-

tions for the results of a study.” The measure demonstrated

good reliability (α = 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 1 (strongly disagree) to 5 (strongly

agree). An example item is, “I feel like I belong in the field of

science.” The scale demonstrated good reliability (α = 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 howmuch a descrip-

tion aligned with them personally. Participants responded using a

6-point Likert scale ranging from 1 (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 (α = 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 1 (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 (α = 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 0 (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

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 (RQ1). Next, we

conducted dependent t tests (α = 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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these correlations were positively and significantly related in

the post-test (CURE: r=0.26, P< 0.01; 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.

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 (6.51 ± 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 (5.23 ± 0.82) to post-test

(5.15 ±=0.76), but again these changes were not significant.

TABLE 3

Results of factor analysis for TIMSI scales

Factor

Factor loadings

Pre Post

Scientific self-efficacy (α = 0.90; 22% of variance)

1. 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 (α = 0.83; 5% of variance)

1. I have a strong sense of belonging to the community of scientists 0.77 0.81

2. I derive great personal satisfaction from working on a team that is doing important research 0.62 0.80

3. I have come to think of myself as a “scientist” 0.66 0.86

4. I feel like I 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 (α = 0.88) (10% of variance)

1. 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 (α = 0.93; 30% of variance)

1. To what extent has your mentor discussed your questions or concerns regarding feelings of

competence, commitment to advancement or relationships with peers?
0.81

2. To what extent has your mentor conveyed empathy for concerns or feelings you have discussed

with him or her?
0.83

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

learn new skills?
0.73
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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 (4.23 ± 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=2.31].

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,

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

[F(4, 67)=6.45, P< 0.001, R
2 = 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 (b = 0.01,

P=0.88), and mentorship (b = 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 [F(4, 101)=12.47, P< 0.001, R2 = 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 (b = 0.11, 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.

DISCUSSION

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

TABLE 4

Correlation analysis results

Group and scale Pre-test Post-test

Experimental group
Category score

(mean ± SD)

Correlationa Category score

(mean ± SD)

Correlationa

1 2 3 4 1 2 3 4 5

1. Scientific self-efficacy 3.50 ± 0.83 4.26 ± 0.60

2. Scientific identity 3.94 ± 0.72 0.45** 4.23 ± 0.71 0.56**

3. Value orientation 5.49 ± 0.72 0.37** 0.56** 5.52 ± 0.82 0.46** 0.34**

4. Career intent 6.91 ± 2.52 0.10 0.29** 0.16 7.51 ± 2.37 0.30** 0.50** 0.26**

5. Mentorship 3.92 ± 0.79 0.31** 0.42** 0.17 0.32**

Control group

1. 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** 0.57** 0.37**

5. Mentorship 3.28 ± 1.10 0.25** 0.34** 0.19* 0.18
aThe strength of a correlation was determined using Pearson’s r. **, P < 0.01; *, P< 0.05.
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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

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

TABLE 5

Multiple linear regression results

Source B B SE b t P

Experimental group

Scientific self-efficacy 0.04 0.52 0.01 0.07 0.93

Scientific identity 1.40 0.46 0.42 3.04 0.00

Value orientation 0.08 0.55 0.01 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
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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. (11). 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.

ACKNOWLEDGMENTS

All authors have approved the manuscript for submission.

On behalf of all authors, the corresponding author states that

there is no conflict of interest. This work has not been published

elsewhere and is not under consideration for in another outlet.

This work was supported by an internal, faculty fellowship

awarded to P.N.U. (2019 to 2020) by Georgia State University.

REFERENCES

1. Riegle-Crumb C, King B, Irizarry Y. 2019. Does STEM stand

out? Examining racial/ethnic gaps in persistence across postse-

condary fields. Educ Res 48:133–144. https://doi.org/10.3102/

0013189X19831006.

2. President’s Council of Advisors on Science and Technology.

2012. Engage to excel: producing one million additional college

graduates with degrees in science, technology, engineering, and

mathematics. Executive Office of the President,Washington, DC.

3. AAAS. 2011. Vision and change in undergraduate biology education:

a call to action. American Association for the Advancement of

Science,Washington, DC. http://visionandchange.org/finalreport.

4. Nagda BA, Gregerman SR, Jonides J, von Hippel W, Lerner JS.

1998. Undergraduate student-faculty research partnerships

affect student retention. Rev High Educ 22:55–72. https://doi

.org/10.1353/rhe.1998.0016.

5. Rodenbusch SE, Hernandez PR, Simmons SL, Dolan EL. 2016.

Early engagement in course-based research increases gradua-

tion rates and completion of science, engineering, and mathe-

matics degrees. CBE Life Sci Educ 15:ar20. https://doi.org/10

.1187/cbe.16-03-0117.

6. Shaffer CD, Alvarez CJ, Bednarski AE, Dunbar D, Goodman

AL, Reinke C, Rosenwald AG, Wolyniak MJ, Bailey C, Barnard D,

Bazinet C, Beach DL, Bedard JEJ, Bhalla S, Braverman J, Burg M,

Chandrasekaran V, Chung HM, Clase K, DeJong RJ, DiAngelo JR, Du

CG, Eckdahl TT, Eisler H, Emerson JA, Frary A, Frohlich D, Gosser Y,

Govind S, Haberman A, Hark AT, Hauser C, Hoogewerf A, Hoopes

LLM, Howell CE, JohnsonD, Jones CJ, Kadlec L, Kaehler M, Key SCS,

Kleinschmit A, Kokan NP, KoppO, Kuleck G, Leatherman J, Lopilato

J, MacKinnon C, Martinez-Cruzado JC, McNeil G, Mel S, et al. 2014.

A course-based research experience: how benefits change with

increased investment in instructional time. CBE Life Sci Educ 13:111–

130. https://doi.org/10.1187/cbe-13-08-0152.

7. Shaffer CD, Alvarez C, Bailey C, BarnardD, Bhalla S, Chandrasekaran

C, Chandrasekaran V, Chung HM, Dorer DR, Du C, Eckdahl TT,

Poet JL, Frohlich D, Goodman AL, Gosser Y, Hauser C, Hoopes LL,

Johnson D, Jones CJ, Kaehler M, Kokan N, Kopp OR, Kuleck GA,

McNeil G, Moss R, Myka JL, Nagengast A, Morris R, Overvoorde PJ,

Shoop E, Parrish S, Reed K, Regisford EG, Revie D, Rosenwald AG,

Saville K, Schroeder S, ShawM, Skuse G, Smith C, Smith M, Spana EP,

Spratt M, Stamm J, Thompson JS, Wawersik M, Wilson BA,

Youngblom J, LeungW, Buhler J, et al. 2010. The genomics education

partnership: successful integration of research into laboratory classes

at a diverse group of undergraduate institutions. CBE Life Sci Educ

9:55–69. https://doi.org/10.1187/09-11-0087.

GAINS IN CURES VERSUS TRADITIONAL CLASSES JOURNAL OF MICROBIOLOGY AND BIOLOGY EDUCATION

December 2022 Volume 23 Issue 3 10.1128/jmbe.00051-22 8

https://doi.org/10.3102/0013189X19831006
https://doi.org/10.3102/0013189X19831006
http://visionandchange.org/finalreport
https://doi.org/10.1353/rhe.1998.0016
https://doi.org/10.1353/rhe.1998.0016
https://doi.org/10.1187/cbe.16-03-0117
https://doi.org/10.1187/cbe.16-03-0117
https://doi.org/10.1187/cbe-13-08-0152
https://doi.org/10.1187/09-11-0087
https://journals.asm.org/journal/jmbe
https://doi.org/10.1128/jmbe.00051-22


8. Drew JC, Triplett EW. 2008. Whole genome sequencing in the

undergraduate classroom: outcomes and lessons from a pilot course.

J Microbiol Biol Educ 9:3–11. https://doi.org/10.1128/jmbe.v9.89.

9. Lopatto D, Alvarez C, Barnard D, Chandrasekaran C, Chung

HM, Du C, Eckdahl T, Goodman AL, Hauser C, Jones CJ, Kopp

OR, Kuleck GA, McNeil G, Morris R, Myka JL, Nagengast A,

Overvoorde PJ, Poet JL, Reed K, Regisford G, Revie D, Rosenwald

A, Saville K, Shaw M, Skuse GR, Smith C, Smith M, Spratt M, Stamm

J, Thompson JS, Wilson BA, Witkowski C, Youngblom J, Leung W,

Shaffer CD, Buhler J, Mardis E, Elgin SC. 2008. Undergraduate

research. Genomics Education Partnership. Science 322:684–685.

https://doi.org/10.1126/science.1165351.

10. Siritunga D, Montero-Rojas M, Carrero K, Toro G, Velez A,

Carrero-Martinez FA. 2011. Culturally relevant inquiry-based

laboratory module implementations in upper-division genetics

and cell biology teaching laboratories. CBE Life Sci Educ

10:287–297. https://doi.org/10.1187/cbe.11-04-0035.

11. Estrada M, Hernandez PR, Schultz PW. 2018. A longitudinal

study of how quality mentorship and research experience inte-

grate underrepresented minorities into STEM careers. CBE

Life Sci Educ 17:ar9. https://doi.org/10.1187/cbe.17-04-0066.

12. Estrada M, Woodcock A, Hernandez PR, Schultz PW. 2011.

Toward a model of social influence that explains minority stu-

dent integration into the scientific community. J Educ Psychol

103:206–222. https://doi.org/10.1037/a0020743.

13. Shuster MI, Curtiss J, Wright TF, Champion C, Sharifi M,

Bosland J. 2019. Implementing and evaluating a course-based

undergraduate research experience (CURE) at a Hispanic-serving

institution. Interdiscip J Problem-Based Learn 13. https://doi.org/10

.7771/1541-5015.1806.

14. Ramirez-Lugo JS, Toledo-Hernandez C, Velez-Gonzalez I, Ruiz-Diaz

CP. 2021. CREARE: a course-based undergraduate research experi-

ence to study the responses of the endangered coral Acropora

cervicornis to a changing environment. J Microbiol Biol Educ

22:22.1.168. https://doi.org/10.1128/jmbe.v22i1.2253C.

15. Kerr MA, Yan F. 2016. Incorporating course-based undergradu-

ate research experiences into analytical chemistry laboratory

curricula. J Chem Educ 93:658–662. https://doi.org/10.1021/acs

.jchemed.5b00547.

16. Auchincloss LC, Laursen SL, Branchaw JL, Eagan K, Graham M,

Hanauer DI, Lawrie G, McLinn CM, Pelaez N, Rowland S,

Towns M, Trautmann NM, Varma-Nelson P, Weston TJ, Dolan

EL. 2014. Assessment of course-based undergraduate research

experiences: a meeting report. CBE Life Sci Educ 13:29–40.

https://doi.org/10.1187/cbe.14-01-0004.

17. Brownell SE, Hekmat-Scafe DS, Singla V, Chandler Seawell P, Conklin

Imam JF, Eddy SL, Stearns T, Cyert MS. 2015. A high-enrollment

course-based undergraduate research experience improves stu-

dent conceptions of scientific thinking and ability to interpret data.

CBE Life Sci Educ 14:ar21. https://doi.org/10.1187/cbe.14-05-0092.

18. Olimpo JT, Fisher GR, DeChenne-Peters SE. 2016. Development

and evaluation of the Tigriopus course-based undergraduate

research experience: impacts on students’ content knowledge, atti-

tudes, and motivation in a majors introductory biology course. CBE

Life Sci Educ 15:ar72. https://doi.org/10.1187/cbe.15-11-0228.

19. Kelman HC. 1958. Compliance, identification, and internaliza-

tion three processes of attitude change. J Conflict Resolut

2:51–60. https://doi.org/10.1177/002200275800200106.

20. Kelman HC. 2006. Interests, relationships, identities: three

central issues for individuals and groups in negotiating their

social environment. Annu Rev Psychol 57:1–26. https://doi.org/10

.1146/annurev.psych.57.102904.190156.

21. Kelman HC. 1961. Processes of opinion change. Public Opin Q

25:57–78. https://doi.org/10.1086/266996.

22. Eby LTDT, Allen TD, Hoffman BJ, Baranik LE, Sauer JB, Baldwin

S, Morrison MA, Kinkade KM, Maher CP, Curtis S, Evans SC. 2013.

An interdisciplinarymeta-analysis of the potential antecedents, cor-

relates, and consequences of protégé perceptions of mentoring.

Psychol Bull 139:441–476. https://doi.org/10.1037/a0029279.

23. Kram KE. 1988. Mentoring at work: developmental relationships in

organizational life. University Press of America, Lanham, MD, USA.

24. Ragins BR. 2010. Relational mentoring: a positive approach to

mentoring at work, p 519–536. In Cameron KS, Spreitzer GM

(ed), The handbook of positive organizational scholarship.

Oxford University Press, New York, NY, USA.

25. Hernandez PR, Agocha VB, Carney LM, Estrada M, Lee SY,

Loomis D, Williams M, Park CL. 2020. Testing models of recip-

rocal relations between social influence and integration in

STEM across the college years. PLoS One 15:e0238250.

https://doi.org/10.1371/journal.pone.0238250.

26. Limeri LB, Asif MZ, Bridges HT, Esparza D, Tuma TT, Sanders

D, Morrison AJ, Rao P, Harsh JA, Maltese AV, Dolan EL. 2019.

“Where’s my mentor?!” Characterizing negative mentoring

experiences in undergraduate life science research. CBE Life

Sci Educ 18:ar61. https://doi.org/10.1187/cbe.19-02-0036.

27. Lefever S, Dal M, Matthíasdóttir Á. 2007. Online data collec-

tion in academic research: advantages and limitations. Br J

Educ Technol 38:574–582. https://doi.org/10.1111/j.1467-8535

.2006.00638.x.

28. Wright KB. 2006. Researching internet-based populations:

advantages and disadvantages of online survey research, online

questionnaire authoring software packages, and web survey

services. J Computer Mediated Commun 10. https://doi.org/10

.1111/j.1083-6101.2005.tb00259.x.

GAINS IN CURES VERSUS TRADITIONAL CLASSES JOURNAL OF MICROBIOLOGY AND BIOLOGY EDUCATION

December 2022 Volume 23 Issue 3 10.1128/jmbe.00051-22 9

https://doi.org/10.1128/jmbe.v9.89
https://doi.org/10.1126/science.1165351
https://doi.org/10.1187/cbe.11-04-0035
https://doi.org/10.1187/cbe.17-04-0066
https://doi.org/10.1037/a0020743
https://doi.org/10.7771/1541-5015.1806
https://doi.org/10.7771/1541-5015.1806
https://doi.org/10.1128/jmbe.v22i1.2253C
https://doi.org/10.1021/acs.jchemed.5b00547
https://doi.org/10.1021/acs.jchemed.5b00547
https://doi.org/10.1187/cbe.14-01-0004
https://doi.org/10.1187/cbe.14-05-0092
https://doi.org/10.1187/cbe.15-11-0228
https://doi.org/10.1177/002200275800200106
https://doi.org/10.1146/annurev.psych.57.102904.190156
https://doi.org/10.1146/annurev.psych.57.102904.190156
https://doi.org/10.1086/266996
https://doi.org/10.1037/a0029279
https://doi.org/10.1371/journal.pone.0238250
https://doi.org/10.1187/cbe.19-02-0036
https://doi.org/10.1111/j.1467-8535.2006.00638.x
https://doi.org/10.1111/j.1467-8535.2006.00638.x
https://doi.org/10.1111/j.1083-6101.2005.tb00259.x
https://doi.org/10.1111/j.1083-6101.2005.tb00259.x
https://journals.asm.org/journal/jmbe
https://doi.org/10.1128/jmbe.00051-22

	Gains in Scientific Identity, Scientific Self-Efficacy, and Career Intent Distinguish Upper-Level CUREs from Traditional Experiences in the Classroom
	Outline placeholder
	CUREs
	TIMSI framework
	Current study
	Participants
	Description of the participating courses
	Measures
	Procedures
	Ethics statement
	Analytic summary
	Correlations
	Dependent t test
	Independent t test
	Regression analysis

	REFERENCES


