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ABSTRACT
Course-based undergraduate research experiences (CURE) enhance student retention
in science, technology, engineering, and math (STEM), particularly among students who
belong to historically excluded communities. Yet the mechanisms by which CUREs con-
tribute to student integration and persistence are poorly understood. Utilizing the tri-
partite integration model of social influence (TIMSI), this longitudinal study examines
whether and how Tiny Earth—an antibiotic-discovery CURE designed for flexible im-
plementation in a variety of course contexts—impacts students’ scientific self-efficacy,
scientific identity, endorsement of scientific community values, and intentions to per-
sist in science. The study also explores how gains in TIMSI factors (i.e., scientific self-
efficacy, identity, and values) vary as a function of student demographics and course
characteristics. A comparison of pre- and postcourse measurements showed that sci-
entific self-efficacy and identity increased among students in Tiny Earth. Some student
demographics and course characteristics moderated these gains. Gains in all three TIMSI
factors correlated with gains in persistence intentions, whereas student demographics
and course characteristics did not. This study shows that the Tiny Earth curriculum eq-
uitably improved students’ scientific self-efficacy and identity. It also showed that orien-
tation toward scientific values and STEM persistence intentions held steady across most
demographic groups.
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INTRODUCTION
Recruiting and retaining students with diverse lived experiences are imperative to
achieve a more vibrant and talented science, technology, engineering, and math
(STEM) workforce. Diversity within groups has been shown to increase intellec-
tual rigor, creativity, and quality of decisions, illustrating some of the benefits of
diversifying the STEM workforce (Nemeth and Kwan, 1987; McLeod et al., 1996;
Nemeth et al., 2001; Guimerà et al., 2005; Sommers, 2006; Paulus et al., 2016).
Yet inequities continue to plague college science education, denying opportunities
to students who identify as members of underrepresented racial or ethnic groups,
women, LGBTQIA2S+, or first-generation in college. Collectively, we refer to these
and other underrepresented groups as historically excluded communities (HEC).

Considerable research has shown that not all students integrate into their scien-
tific community at the same rate. Furthermore, longitudinal research studies have
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shown that students’ intentions to persist in STEM degree and
career pathways decline over time in college (Schultz et al.,
2011; Hernandez et al., 2020). For example, similar propor-
tions (18–20%) of white, Black, and Latine students enter col-
lege intending to major in a STEM field, yet 58% of white
students complete a STEM degree compared with 42% of La-
tine and 34% of Black students (Riegle-Crumb et al., 2019).
These data are particularly troubling in comparison with hu-
manities, social sciences, and business fields, in which Black
and Latine students are no more likely to switch majors than
their white counterparts (Riegle-Crumb et al., 2019).
In addition to the differential pattern of excluding college

students from STEM based on race and ethnicity, talented
students from most HECs leave STEM at higher rates than
students from historically included communities (HIC) (Thiry
et al., 2019). Most HEC students who leave have the interest,
confidence, and aptitude to be successful in STEM, but early
college classes can dampen their interest and actively prevent
them from persisting (Estrada et al., 2019; Thiry et al., 2019).
Their departures after gateway STEM courses represent a
major talent drain from the system. To achieve an equitable
educational enterprise, we must address the structural, in-
dividual, intentional, and unintentional biases discouraging
HEC students from pursuing STEM.

Although students’ reasons for leaving STEM have been
studied extensively (Estrada et al., 2011; Estrada et al.,
2018a; Rosenzweig et al., 2021), a stubborn gap persists in
understanding the mechanisms by which certain interventions
reduce attrition among HEC students. The guiding theory
for this research is the tripartite integration model of social
influence (TIMSI), which provides a framework for under-
standing the psychological mechanisms linking educational
experiences and persistence outcomes (Estrada et al., 2018a;
Estrada et al., 2011). The TIMSI is a model of social influence
that describes how a person’s orientation toward a social
system (e.g., a STEM field or community) can predict the
conditions under which they would conform to the norms
and expectations of the influencing agents (e.g., instructors,
mentors, peers, or the design of learning contexts).

The TIMSI describes three orientations that influence per-
sistence outcomes: efficacy, identity, and values. These three
social influence mechanisms have been shown to contribute
to integration and predict persistence in STEM (Estrada et al.,
2011; Estrada et al., 2018b). Scientific self-efficacy indicates
that a student feels capable of performing the actions needed
to succeed in a STEM course, major, or career. Scientific
identity indicates that a student perceives science as part of
their identity and feels they belong to a scientific community.
Students internalize scientific values when they authentically
agree with the values of the scientific community, such as
building new knowledge to solve global challenges, the
thrill of discovery, and the importance of discourse. Accord-
ing to the TIMSI, these three factors—independently and
collectively—contribute to social integration into STEM com-
munities. STEM social integration (or STEM persistence) is
measured by assessing a student’s intention to pursue further
academic or career goals in STEM. It can also be represented
by behaviors, such as submitting applications for graduate
school or getting a science-related job (Estrada et al., 2018a;
Estrada et al., 2011).

Previous TIMSI research has examined the impact of
science training programs and mentorship on integration
and long-term persistence for STEM students who are from
HECs and HICs (Estrada et al., 2011; Estrada et al., 2018b;
Hernandez et al., 2020). However, because most TIMSI studies
have focused on how scientific self-efficacy, identity, and val-
ues explain persistence over long periods (e.g., semesters or
years), less is known about how students change or grow with
respect to TIMSI mechanisms as a result of curricular interven-
tions (Estrada et al., 2011; Estrada et al., 2018a; Hernandez
et al., 2020).

CUREs as Curricular Interventions
Encouragingly, education research has identified several inter-
ventions that improve STEM performance and retention for
students from HECs. One of the most effective approaches is
improving the situational factors connected to scientific self-
efficacy, identity, and values (Estrada et al., 2011). Course-
based undergraduate research experiences (CURE) can be
considered curricular interventions that address many of these
situational factors because they engage students through ac-
tive learning, provide opportunities to practice skills, and in-
troduce students to the value of participating in science by
engaging in meaningful data collection that can contribute to
new knowledge for addressing relevant scientific and global
challenges (National Academies of Sciences, Engineering, and
Medicine, 2017). These approaches increase confidence and
provide students with a sense of belonging in STEM (Shuster
et al., 2019; Borlee et al., 2023).

CUREs are grounded in active learning, which has long
been known to enhance the performance and retention of
all students and is especially beneficial to students from
HECs (Hake, 1998; Haak et al., 2011; Schwartz et al., 2011;
Freeman et al., 2014; Hood et al., 2020; Theobald et al.,
2020a). According to Freeman et al. (Freeman et al. 2014),
“Active learning engages students in the process of learning
through activities and/or discussion in class, as opposed to
passively listening to an expert. It emphasizes higher-order
thinking and often involves group work.” Recent studies high-
light the feasibility and importance of incorporating active-
learning practices that have long-lasting effects on students
and, in particular, the practices that reduce the inequities that
result from students feeling disengaged and excluded from
STEM (Freeman et al., 2014; Thiry et al., 2019; Theobald
et al., 2020b; Handelsman et al., 2022).

CUREs package the best of active learning and scientific
objectives together, with a phenomenal track record of im-
proving the retention of diverse students in STEM. Although
each CURE is unique in scope and format, CUREs commonly
center on iterative scientific research that addresses a rele-
vant problem (Auchincloss et al., 2014; Corwin et al., 2015;
Buchanan and Fisher, 2022). CUREs give students ownership
of their experiments, the opportunity to disseminate their re-
sults, and the chance to make new discoveries (Auchincloss
et al., 2014; Corwin et al., 2015; Buchanan and Fisher, 2022).
Evidence suggests that CUREs improve outcomes for all stu-
dents (Rodenbusch et al., 2016) and can have especially pos-
itive effects on students from HECs (Hurtado et al., 2009;
Olson et al., 2019; Shuster et al., 2019; Evans et al., 2021;
Waddell et al., 2021). CUREs enable students to be scientists
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in a community of peers, thereby increasing their opportunity
to identify as scientists, regardless of ethnicity or background.
CUREs also make research experiences available to all stu-
dents equally (Hurtado et al., 2009; Hanauer et al., 2022). In
one study, students in CUREs gained significantly more scien-
tific self-efficacy, scientific identity, and career intent than stu-
dents in a non-CURE control group (Newell and Ulrich, 2022).

CUREs scale more effectively than research experiences in
faculty research laboratories (Auchincloss et al., 2014). The
course-based nature of CUREs means they can be available to
all students, regardless of background or experience. In con-
trast, faculty research laboratories are small, exclusive, and
typically limited to one or a few experienced students. Fur-
thermore, at some undergraduate institutions such as commu-
nity colleges, faculty research programs may not be an option,
so CUREs may be the only way for students to participate in re-
search. In some cases, CUREs lead to more positive outcomes
than research in faculty laboratories. For example, research in
individual faculty laboratories can influence scientific identity
and intent to pursue graduate study among women and Asian
students less positively than members of other demographic
groups (Aikens et al., 2017), whereas CUREs have positive
effects on students of all demographic groups (Rodenbusch
et al., 2016; Olson et al., 2019; Evans et al., 2021).

Several CURE programs, such as the Science Education
Alliance–Phage Hunters Advancing Genomics and Evolution-
ary Science program, the Genomics Education Partnership,
and the Undergraduate Research Consortium in Functional
Genomics, set a standard for quality and impact, demon-
strating that research courses can nurture creativity, reinforce
diverse talents, diminish the stigma of failure, foster commu-
nity, and teach principles of equity and inclusion in science
(Lopatto et al., 2008; Jordan et al., 2014; Shaffer et al., 2014;
Hanauer et al., 2017; Olson et al., 2019; Evans et al., 2021;
Waddell et al., 2021). They also allow students to take project
ownership and develop identities as scientists in a community
of peers (Hanauer et al., 2017). Other studies showed that
taking a CURE early in college increases the likelihood that
a student will remain in a STEM major until graduation
and complete college (Rodenbusch et al., 2016), suggesting
that CUREs have a significant impact on students’ academic
trajectories well beyond the research course itself. Previous
studies have examined the role of CUREs in improving TIMSI
outcomes in upper-division courses (Shuster et al., 2019;
Borlee et al., 2023). However, to our knowledge, no studies
have examined CUREs across multiple institutions while
also considering student demographics and course charac-
teristics associated with student gains in TIMSI factors and
persistence. Enter Tiny Earth: the vehicle for this study.

The Tiny Earth CURE
Tiny Earth is an international, student-driven approach to an-
tibiotic discovery that addresses a pressing global health crisis,
antibiotic resistance, which is predicted to cause 50 million
deaths per year by 2050 (World Health Organization, n.d.).
The world’s population needs a new approach to antibiotic dis-
covery because few new structural classes of antibiotics have
been discovered since the 1980s. The Tiny Earth CURE lever-
ages a ubiquitous yet not fully mined natural resource (soil
bacteria from around the world) and an untapped workforce

(college students) to crowdsource antibiotic discovery. An es-
timated 16,000+ students per year in 33 countries enroll in a
Tiny Earth course, each taught by a trained instructor at their
college or university. The students’ collective search forms a
massive international network focused on antibiotic discovery.
Tiny Earth’s “studentsourcing” approach could provide an an-
tidote to the pharmaceutical industry’s approach, which has
largely abandoned the discovery of new antibiotics and in-
stead focuses on synthetic derivatives of known antibiotics or
treatments for chronic diseases that are more profitable than
infectious diseases.

The twin goals of Tiny Earth are to discover new antibi-
otics from soil bacteria and encourage diverse students to
persist in STEM. To take advantage of the many pedagogical
and inclusive features of CUREs, Tiny Earth embodies the
hallmarks of a CURE: scientific research, iteration, ownership,
relevance, discovery, and dissemination (Auchincloss et al.,
2014; Corwin et al., 2015; Buchanan and Fisher, 2022).
As described previously (Hurley et al., 2021), Tiny Earth
students engage in replicated, hypothesis-driven research
to discover antibiotic-producing bacteria from soil, thereby
addressing a relevant and pressing public health conundrum:
rising antibiotic resistance with few new classes of antibiotics
in the research pipeline. Students demonstrate ownership
by choosing their soil sources, growth media, and research
questions. They document their research findings in a shared,
international database and communicate their research find-
ings at international and regional Tiny Earth symposiums
or local undergraduate research forums. Students also have
the option to send their candidate antibiotic producers to
the Tiny Earth Chemistry Hub (TECH) at the University
of Wisconsin-Madison, where scientists sequence genomes
and elucidate structures of secondary metabolites from the
isolates. TECH currently stores 4300 of these isolates and
has discovered 28 putative new molecular structures. Each
of these research activities is designed to enable students to
grow in scientific self-efficacy, identity, and values and con-
tribute to discovering new antibiotics. A detailed version of
the Tiny Earth research flow was published previously (Hurley
et al., 2021).

Tiny Earth makes research accessible in several ways,
which opens a pathway toward equity in STEM. Students en-
roll in Tiny Earth at institutions representing every type of
minority-serving and Carnegie classification. Tiny Earth is also
designed to be flexible. For example, Tiny Earth Partner In-
structors (TEPI) teach it as a standalone course or integrated
as the laboratory component of a course such as Introduc-
tory Biology or Microbiology. It is taught in a range of class
sizes, from a few students to several hundred. In 2020, the
TEPI community created more adaptations to enable remote
and hybrid teaching formats in response to the COVID-19 pan-
demic (González-Orta et al., 2022) and incorporated content
based on principles of antiracism, justice, equity, diversity, and
inclusion (AJEDI) (Miller et al., 2022).

A free, week-long TEPI training workshop guides college
instructors to learn the pedagogical principles and laboratory
practices that undergird the Tiny Earth CURE. Based on the
National Institute on Scientific Teaching model (Handelsman
et al., 2004; 2007; Miller et al., 2008; Pfund et al., 2009), the
TEPI training immerses instructors in the scientific teaching
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BOX 1. Recommended learning objectives for the Tiny Earth CURE

Module 1: Isolating bacteria from soil
➢ Apply aseptic and serial dilution plating techniques to obtain isolated bacterial colonies from soil.
➢ Develop hypotheses about how bacteria from various soil environments vary in growth, diversity, and abundance on

various laboratory media.
➢ Design experiments, gather and analyze data, and summarize findings.
➢ Estimate the number of microorganisms in a sample.

Module 2: Screening bacterial isolates for antibiotic production

➢ Screen bacterial isolates for antimicrobial activity against a panel of safe relatives of known pathogens or other environ-
mental microbes.

➢ Develop hypotheses about bacterial interactions and antibiotic production using various media.
➢ Design experiments, gather and analyze data, and summarize findings.
➢ Explain how bacteria harness nutrients from their environment to grow.
➢ Explain the importance of studying clinically relevant microbes, distinguishing between pathogenic, attenuated, and

nonpathogenic microbes.
➢ Propose narrow-spectrum antibiotics by leveraging the differences between gram-positive and gram-negative bacteria.

Module 3: Characterizing the antibiotic-producing bacterial isolates

➢ Integrate molecular, morphological, and biochemical characterization methods to establish a putative taxonomic identity
for one or more environmental bacterial isolates.

➢ Analyze and interpret biochemical test data to infer physiological, physical, and/or pathogenic properties of isolates.
➢ Justify why the 16S rRNA gene is a suitable molecular target to group and identify bacteria.
➢ Explain how taxonomic identity can be useful for prioritizing antibiotic-producing bacterial isolates for future study.

Module 4: Advancing the antibiotic discovery pipeline

➢ Extract metabolic compounds from bacterial isolates and design experiments to test the compounds for antimicrobial
activity.

➢ Gather, visualize, and interpret data; communicate findings.
➢ Explain the processes of antibiotic discovery and resistance development in pathogen populations.
➢ Propose a candidate antibiotic that would be effective against bacteria but safe for humans; explain how the antibiotic

would target bacterial functions not found in humans.

principles, AJEDI practices, and experimental tools needed to
implement the Tiny Earth curriculum at their college or uni-
versity. They receive a published student research guide with
protocols, recommended student-learning objectives (Box 1),
instructor resources, facilitated work time with colleagues,
and a dedicated mentor who previously taught the course in a
similar context. Box 2 presents a typical TEPI training sched-
ule, described further in Hurley et al. (2021). Since 2013, Tiny
Earth has trained more than 800 TEPIs who teach an esti-
mated 16,000+ students annually.

Current Study
Despite the promising outcomes of CUREs, there is a gap
in understanding the mechanisms underlying these benefits
across diverse student demographics and course types. In this
study, we apply the TIMSI (Estrada et al., 2011) to 1) explore
student gains in scientific self-efficacy, identity, and values ori-
entation during 57 implementations of Tiny Earth CUREs; 2)
examine whether student demographics or course character-
istics influence those gains; and 3) understand whether and
how the TIMSI factors, student demographics, and course

BOX 2. Sample training schedule for Tiny Earth Part-
ner Instructors (TEPIs)

➢ Pretraining: Interactive welcome tutorial
➢ Monday: Welcome, overview of Tiny Earth, and labo-

ratory 1 (isolating bacteria from soil)
➢ Tuesday: Scientific teaching, inclusive learning, and

laboratory 2 (screening bacterial isolates for antibiotic
production)

➢ Wednesday: Course design, syllabus development,
and laboratory 3 (characterizing the antibiotic-
producing bacterial isolates)

➢ Thursday: Active learning experiences, Tiny Earth
database, and laboratory 4 (advancing the antibiotic
discovery pipeline)

➢ Friday: Group presentations and lessons from veteran
TEPIs

➢ Post-Training: Mentor pairings, network activities,
and teaching Tiny Earth
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characteristics correlate with gains in social integration (i.e.,
persistence) into the scientific community. The study extends
prior TIMSI research (Shuster et al., 2019; Borlee et al., 2023)
by longitudinally tracking scientific self-efficacy, identity, and
values orientation in 57 Tiny Earth CUREs from beginning to
end at 40 U.S. colleges and universities. Moreover, this study
examines longitudinal change in a sufficiently large sample of
courses to examine the impact of course characteristics and
student demographics.

Given the positive influences of STEM research experi-
ences and CUREs, we predicted that Tiny Earth students
would show gains with respect to TIMSI factors and STEM
persistence during a semester. We also predicted that TIMSI
gains would correlate with STEM persistence. In this study,
we further investigated whether student demographics or
course characteristics influenced TIMSI outcomes.

Research Questions
While participating in a Tiny Earth CURE:

1. What, if any, gains do students experience in the TIMSI
mechanisms of scientific self-efficacy, identity, or values?
We hypothesized that students in the Tiny Earth CURE ex-
perience gains in scientific self-efficacy, identity, and values
orientation (H1).

2. What, if any, student demographics or course character-
istics influence gains in the TIMSI mechanisms? We hy-
pothesized that students of all demographic groups in the
Tiny Earth CURE experience positive gains in TIMSI mech-
anisms (hypothesis 2a, H2a). Furthermore, we hypothe-
sized that students across all course characteristics in Tiny
Earth experience gains in TIMSI mechanisms (hypothesis
2b, H2b).

3. What, if any, gains do students experience in their intent to
persist in science careers? We hypothesized that students
in the Tiny Earth CURE increase their intent to persist in
science careers (H3).

4. What, if any, ways do student demographics, course char-
acteristics, and changes in the three TIMSI mechanisms
associate with changes in students’ intent to persist in sci-
ence careers? We hypothesized that these factors influence
persistence outcomes in some manner and let the findings
emerge from the data (H4).

Answers to these research questions will advance knowl-
edge regarding student outcomes when participating in a
CURE such as Tiny Earth, including who benefits and in what
contexts.

MATERIALS AND METHODS
Participants
The current study used data from a large, national longi-
tudinal study of undergraduate students taking a course
incorporating the Tiny Earth CURE curriculum. The data were
collected from 2131 undergraduate students grouped into 57
biological science college classrooms across the United States.
Participants were omitted from the analytical sample if they
did not respond to survey questions concerning the relevant
variables (n = 703) or if they were not undergraduates while

TABLE 1. Tiny Earth student demographics (N = 1316, J = 57, nj =
23.09)

Student characteristics Frequency (%)

Gender
Womana 801 (60.87%)
Man 307 (23.33%)
Transgender, nonbinary,

or gender-fluid (TNG)
15 (1.14%)

Prefer not to say (PNTS) 193 (14.67%)
Race and Ethnicity

White, not Hispanica 563 (42.78%)
Hispanic or Latine 240 (18.24%)
Asiana 247 (18.77%)
Black or African American 62 (4.71%)
Middle Eastern or North Africana 34 (2.58%)
Native Hawaiian or Pacific Islander 5 (<1%)
American Indian or Alaska Native 0 (0%)
Multiracial 154 (11.70%)
Prefer not to say (PNTS) 3 (<1%)

Academic Rank (Year in School)
First-yeara 127 (9.74%)
Sophomore 391 (29.98%)
Junior 411 (31.52%)
Senior 375 (28.76%)
Prefer not to say (PNTS) 12 (<1%)

Generation Status
Continuing-generationa 700 (53.19%)
First-generation 616 (46.81%)

Note: Demographic information about Tiny Earth students who responded to
both pre- and postsurveys (i.e., T1 and T2, respectively) includes gender iden-
tity, racial and ethnic identity, academic rank (year in school), and continuing-
or first-generation status.
aThis category serves as a reference or comparison for regression models.

enrolled in the course (n = 112). As a result, the final analyt-
ical sample included 1316 students grouped within 57 Tiny
Earth courses at 40 colleges and universities. The institution
types ranged from 2-year colleges to 4-year universities and
included institutions categorized as private and public, rural
and urban, majority- and minority-serving. See Supplemental
Table S6 for institutional descriptions.

For the analytical sample, we asked students to self-identify
their race and ethnicity, gender, generation status, and aca-
demic rank (year in school). Students represented a diver-
sity of demographics. The largest racial/ethnic groups were
of white, non-Hispanic (43%), Asian (19%), Latine (18%),
or multi-racial (12%) descent. The majority self-identified as
women (61%). Nearly half were first-generation college stu-
dents (47%), and most were in their sophomore (30%), ju-
nior (32%), or senior (29%) year of college. See Table 1 for
complete demographic data.

TEPIs provided information about the context in which
they implemented the Tiny Earth course at their institution.
Their implementations represented a range of course sizes and
types. Most Tiny Earth courses were medium-sized (i.e., 20
≤ nj < 100 enrolled students; 46%) or small (i.e., nj < 20
enrolled students; 42%). Courses were evenly split between
lower- or upper-division. Most (77%) instances were taught
in-person; the rest were hybrid. None were taught fully on-
line during the term of the study. Most (68%) course imple-
mentations included a combination of lecture and laboratory
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TABLE 2. Tiny Earth course characteristics (J = 57)

Class characteristics Frequency (%)

Class Size (Enrollment Number)
High enrollment (N ≥ 100) 7 (12.28%)
Medium enrollment (20 ≤ N < 100)a 26 (45.61%)
Low enrollment (N < 20) 24 (42.11%)

Division (Course Level)
Lowera 28 (49.12%)
Upper 26 (45.61%)
Not reported 3 (5.26%)

Delivery Modality
In-persona 44 (77.19%)
Hybrid 12 (21.05%)
Remote/virtual 0 (0.00%)
Not reported 1 (1.75%)

Course Type
Combined laboratory + lecturea 39 (68.42%)
Laboratory only 14 (24.56%)
Not reported 4 (7.02%)

Course Format
Tiny Earth as a standalone course 9 (15.79%)
Tiny Earth integrated into a biology course 10 (17.54%)
Tiny Earth integrated into a microbiology coursea 34 (59.65%)
Not reported 4 (7.02%)

Note: Course characteristics for the Tiny Earth courses in the study included
class size, division, delivery modality, type, and format. Class sizes were cate-
gorized into low enrollment (N < 20), medium enrollment (20 ≤ N < 100),
and high enrollment (N ≥ 100). Division categories described the course level,
indicating whether the course was intended as a lower-division course for first-
or second-year students, or an upper-division course for junior or senior stu-
dents. Delivery modality categories described the extent to which the course was
fully in person, fully remote, or a combination (‘hybrid’). Course type categories
differentiated which courses were taught as a laboratory-only configuration or
part of a lecture-plus-laboratory combination. The format category designated
whether Tiny Earth was taught as a standalone course (e.g., a first-year research
seminar or independent study) or integrated into another microbiology or biol-
ogy course (e.g., as the part of an introductory biology curriculum).
aThis category serves as a reference or comparison for regression models.

components; the rest were classified as laboratory-only
courses. Most instances integrated the Tiny Earth curriculum
into a microbiology course (60%), whereas others integrated
it into a biology course (18%) or taught it as a standalone
course (16%; see Table 2).

Procedure
US college biology and microbiology instructors were re-
cruited to apply to attend a free, week-long training program
about teaching the Tiny Earth CURE. Instructors who in-
tended to implement Tiny Earth as a course at their college
or university were selected from the pool of applicants. After
completing the TEPI Training (described above) and en-
rolling students in their Tiny Earth course, TEPIs helped
researchers recruit students to participate in the study. Stu-
dent recruitment involved providing the TEPI with a Google
slide containing a brief study description and an anonymous
Qualtrics survey link. Each instructor was asked to distribute
the research study invitation to their Tiny Earth class of
students (e.g., via email or a learning management system).

Student participants enrolled in a Tiny Earth course were
recruited into the study every term from Fall 2020 through
Spring 2023, resulting in six total cohorts. The students

completed a precourse survey at the beginning of an academic
term (time 1, T1) and a postcourse survey at the end of the
same term (time 2, T2). Student participants in cohorts 1 to
4 received a $10 gift card for completing each survey as an
incentive, and those in cohorts 5 and 6 received $10 gift cards
for completing all postcourse surveys. The study was approved
by the University of California, San Francisco Institutional Re-
view Board (IRB #19-28867) and in consultation with all in-
stitutions in which data were collected.

Measures
Scientific Self-efficacy. We used a three-item scale adapted
from a previous study (Estrada et al., 2011) to assess the stu-
dents’ confidence in their ability to function as a scientist in
a variety of tasks (e.g., “Create explanations for the results of
the study”). Student participants rated each statement with a
five-point Likert scale from 1 (not at all confident) to 5 (ab-
solutely confident). Responses were averaged to derive com-
posite scores to indicate their overall scientific self-efficacy at
each timepoint (αT1 = 0.89 and αT2 = 0.87). A gain score was
calculated as the difference between the participants’ T1 and
T2 survey responses (i.e., positive scores indicate higher self-
efficacy postcourse than precourse).

Identification as a Scientist. We utilized a four-item scientific
identity scale adapted from a previous study (Estrada et al.,
2011) to assess the degree to which participants identified as
scientists. Participants were asked to assess their agreement on
a Likert scale of 1 (strongly disagree) to 5 (strongly agree) with
a series of statements (e.g., “Being a scientist is an important
reflection of who I am”). Responses were averaged to derive
composite scores to indicate their overall scientific identity at
each timepoint (αT1 = 0.87 and αT2 = 0.89). A gain score was
calculated as the difference between the participants’ T1 and
T2 scores.

Internalization of Scientific Community Values. We used a
four-item scale from a previous study (Estrada et al., 2011) to
measure the extent to which participants endorsed values of
the scientific community, such as discovery and experimenta-
tion. Participants rated the degree to which statements applied
to them (e.g., “A person who thinks it is valuable to conduct
research that builds the world’s scientific knowledge”) on a
scale from 1 (not at all like me) to 6 (very much like me). Re-
sponses were averaged to derive composite scores to indicate
their overall scientific values at each timepoint (αT1 = 0.87
and αT2 = 0.88). A gain score was calculated as the difference
between the participants’ scores at T1 and T2.

Scientific Career Persistence Intentions. A seven-item scale
adapted from previous research (Woodcock et al., 2012) as-
sessed participants’ intention to pursue a scientific career. Par-
ticipants rated students’ intention to persist (e.g., “To obtain a
biomedical science-related undergraduate degree”) on a scale
from 0 (definitely will not) to 10 (definitely will). Responses
were averaged to derive a composite score (αT1 = 0.83 and
αT2 = 0.86). A gain score was calculated as the difference be-
tween the participants’ scores at T1 and T2.
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Student Demographics. In this study, the participants com-
prised undergraduate students enrolled in Tiny Earth courses
at U.S. institutions. Participants were asked to provide their
demographic information for four categories: gender, race and
ethnicity, college generation status, and academic rank. Each
category also included a response option called “prefer not
to say” (PNTS).

Because we did not have hypotheses about which groups
might grow more than others, all categorical variables were
dummy-coded into a set of contrast variables to facilitate com-
parisons with the largest group (e.g., women for the gender
identity variable), the group of substantive interest (e.g., first-
generation for the generation status variable), or both where
possible. See Table 1 for a complete list of focal and reference
groups for each student demographic characteristic.

Gender analysis categories included women, men, and
other. Students who reported “other” were provided the op-
tion to elaborate, which resulted in a group with three identi-
ties: transgender, nonbinary, and gender-fluid (TNG). Women
served as the reference group.

For race and ethnicity analysis, students identified as Ameri-
can Indian or Alaska Native, Asian, Black or African American,
Hispanic or Latine, Middle Eastern or North African multira-
cial, Native Hawaiian or Pacific Islander, or white (not His-
panic). White (not Hispanic) served as the reference group.
Approximately one-third of the multiracial group (n = 90) also
included those who selected both white and Hispanic/Latine.

Students were also categorized according to generation sta-
tus (first-generation or continuing-generation) and academic
rank (first-year, sophomore, junior, or senior). Continuing-
generation and first-year students served as the reference
group.

Course Characteristics. Research participants were under-
graduate students enrolled in 57 Tiny Earth classes at 40 U.S.
colleges and universities. Information on five course-level vari-
ables (size, level, modality, type, and format) was collected
directly from instructors for the semester in which their Tiny
Earth course was included in the study. As with student de-
mographics, course-characteristic categorical variables were
dummy-coded using the same criteria to identify the reference
group within each variable. See Table 2 for a complete list of
focal and reference groups for each course characteristic.

Courses were classified based on size: low enrollment
(fewer than 20 students), medium enrollment (20 or more
but less than 100; reference group), or large enrollment (100
or more). The division variable distinguished lower-division
courses (i.e., intended for first- and second-year students; ref-
erence group) from upper-division (i.e., intended for junior
and senior students). The delivery modality variable differenti-
ated courses taught fully in-person (reference group), hybrid
(i.e., partially in-person and partially online or remote), or
fully online or remote. The course type variable distinguished
courses taught in a laboratory-only format from those that
combined lectures with a laboratory component (reference
group). Course format differentiated Tiny Earth CUREs taught
as standalone courses (e.g., as a first-year seminar or indepen-
dent research credit), integrated into a biology course (e.g.,
the laboratory component of an introductory biology course),
or integrated into a microbiology course (reference group).

Statistical Assumption Tests. All analyses were conducted
in Stata v.18 (StataCorp, 2023). We conducted a preliminary
analysis to check the tenability of statistical assumptions to
1) understand whether our statistical models would produce
accurate and unbiased statistical results, 2) test longitudinal
measurement properties of outcomes to determine whether
the outcomes exhibited consistent measurement properties
over time, and 3) test the cross-group measurement invari-
ance of all outcomes at each timepoint as a function of gender
and race/ethnicity to determine whether the outcomes exhib-
ited consistent measurement properties across demographic
groups.

Here, we briefly summarize the comprehensive assumption
checks included in the Supplemental Materials and Supple-
mental Tables. Overall, our analyses provide robust evidence
for the validity of most statistical assumptions and the pres-
ence of longitudinal measurement invariance across time
for each construct. First, missing data analyses revealed that
the pattern of missingness was consistent with Conditionally
Dependent Missingness (Little, 1995); thus, our planned anal-
yses were robust to missing data bias. Second, there was no
evidence of extreme outliers. Third, the assumption of inde-
pendent observations was tenable despite the nested nature of
the data. All outcome measures (e.g., change in scientific self-
efficacy) exhibited minimal, nearly zero intraclass correlations
(ICC), which indicate the proportion of total variance due to
nesting (ICC range, <0.0001 to 0.009). Given the extremely
small ICCs, a multilevel modeling approach is unnecessary.
However, to protect our results from even trivial influence due
to clustering, our analytical approach used a cluster-robust
estimating technique to control for the minimal nesting effect
on the data (see Supplemental Materials for full details).
Fourth, distributional assumptions were violated (i.e., nor-
mality for all and homoskedasticity for scientific self-efficacy
and values). Therefore, our analytical approach used a robust
estimator to account for violations of some distributional
assumptions. Fifth, examination of the linearity assumption
revealed negative associations between each gain-scored
outcome and T1 scores (e.g., negative correlation between
change in scientific self-efficacy and T1-scientific self-efficacy),
indicating a potential regression to the mean effect. Therefore,
we included T1 baseline scores as control variables in our
analyses. Sixth, all scales exhibited acceptable psychometric
properties regarding longitudinal measurement invariances
from T1 to T2 and cross-group measurement invariance.

Analytical Approach to Testing Research Questions and Hy-
potheses. As detailed below, regression analysis addressed
research questions and hypotheses. As noted above, the effect
of nesting was extremely small in our gain-score outcomes,
and preliminary analysis showed that multilevel modeling
approaches to model the between-cluster variance compo-
nent failed to converge. Therefore, for each analysis, cluster-
and heteroscedastic-robust standard errors were estimated for
these models to account for minimal clustering effects cor-
rections for distributional assumptions (Over et al., 1996;
Raudenbush and Bryk, 2002). See Supplemental Materials
for a complete discussion of robust estimation. In addition,
T1 baseline levels of scientific self-efficacy, identity, values,
and persistence intentions (centered for the analysis) were
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TABLE 3. Overall change in students’ scientific self-efficacy (E), identity (I), values (V) orientation, and persistence intentions (P) while
participating in the Tiny Earth CURE

Measure T1 Average T2 Average Change overall

Scientific self-efficacy 3.45 ± 0.06 3.82 ± 0.06 0.37 ± 0.04
Scientific identity 3.48 ± 0.08 3.76 ± 0.09 0.29 ± 0.04
Orientation to scientific values 5.10 ± 0.07 5.10 ± 0.07 − 0.00 ± 0.04
STEM persistence intentions 6.62 ± 0.20 6.59 ± 0.23 − 0.02 ± 0.05

Note: Using paired T1 and T2 surveys, the three orientations of the TIMSI that influence persistence in STEM were assessed: scientific self-efficacy; identity as a
scientist; and orientation toward scientific community values, such as discovery and collaboration. Gains in E, I, V, and P were measured using paired T1 and T2
surveys during the semester in which the Tiny Earth students’ course was included in the study. This table shows the average, paired gains in E, I, V, and P for all
students who responded to both surveys (N = 1316; p < 0.05). Self-efficacy and identity were measured on scales from 1 to 5. Values were measured on a scale
from 1 to 6. Persistence was measured on a scale from 1 to 10. T1, precourse survey administered at the start of the semester. T2, postcourse survey administered at
the end of the semester. Scientific self-efficacy and identity measured on a scale from 1 to 5. Orientation to scientific values measured on a scale from 1 to 6. STEM
persistence intentions measured on a scale from 0 to 10. ±, represent robust standard errors. Bolded values show significant gains.

included as predictors for their respective change outcomes
to statistically control for any regression to the mean effects
present in gain-scored outcomes. Furthermore, some students
did not respond to all demographic variables (i.e., PNTS), and
some instructors did not provide some requested information
on course characteristics (i.e., not reported [NR]). We retained
these persons and courses by including PNTS and NR cate-
gories in the regression models. No one taught in a fully on-
line or remote modality, so that variable was removed from
the analysis.

To test hypothesis 1 (quantifying gains in TIMSI mecha-
nisms), we fitted a series of unconditional regression models
(i.e., no predictors) to estimate the overall average gains in
scientific self-efficacy, identity, and values orientation.

To test hypothesis 2, a and b (testing student and course
predictors of gains, respectively), we fitted a series of multiple
regression models predicting student gain scores in efficacy,
identity, and values from student demographics and course
characteristics, controlling for T1 baseline levels of efficacy,
identity, or values (centered for the analysis). In these models,
we interpret regression-based standardized beta (β) values as
an effect size for group or course characteristic differences
along a continuum from small (β ≤ 0.29), moderate (0.30
≥ β ≤ 0.49), to large (β > 0.50) (Cohen, 1988; Nieminen,
2022).

To test hypothesis 3 (quantifying gains in science persistence
intentions), we fitted an unconditional regression model to es-
timate the overall average gains in science persistence inten-
tions.

To test hypothesis 4 (testing student demographics, course
characteristics, and gains in TIMSI mechanisms as predictors of
persistence intentions), we used a multiple regression model
to predict gains in science persistence intentions from student
demographics, course characteristics, and gain scores of scien-
tific self-efficacy, identity, and values, controlling for T1 base-
line levels of persistence intentions (centered for the analysis).
As mentioned above, we interpreted regression-based stan-
dardized beta (β) values as an effect size for this model. We
binned the gains in each of the TIMSI mechanisms into three
groups: average gains, representing those who reported aver-
age gains in self-efficacy, identity, or values; low gains, repre-
senting the lowest (−1 SD) gains in the TIMSI mechanisms;
or high gains (+1 SD), representing the highest gains in the
mechanisms. These three bins were then mapped onto gains
in persistence intentions.

RESULTS
Results of Testing Our Hypotheses

Hypothesis 1 (H1): Students in the Tiny Earth CURE experi-
ence gains in scientific self-efficacy, identity, and values orienta-
tion.

Overall, the starting average levels of scientific efficacy,
identity, and values were moderately high: averages ranged
between 57 and 79% of the maximum possible score. After
the course, scientific self-efficacy and scientific identity showed
a significant average gain score (consistent with our hypoth-
esis), whereas the average gain score in scientific values was
negligible (inconsistent with our hypothesis). See Table 3.

Hypothesis 2a (H2a): Students across all student demo-
graphic groups in Tiny Earth show gains in TIMSI mechanisms.

Consistent with our hypothesis, the analysis revealed that
students across all demographics exhibited significant gains in
scientific self-efficacy (Figure 1A) and scientific identity (Figure
1B), with no meaningful group differences based on student
demographics. The analysis also revealed that students across
all demographics held steady for scientific values except first-
year students exhibited a small decline (βs ≤ 0.10) (Figure
1C). Supplemental Tables S5 to S7 provide further details of
the regression model output.

Hypothesis 2b (H2b): Students across all course characteris-
tics in Tiny Earth show gains in TIMSI mechanisms.

Consistent with our hypothesis, the analysis revealed that
Tiny Earth students exhibited significant gains in scientific self-
efficacy across all implementation varieties, with no mean-
ingful differences based on course enrollment size or de-
livery modality. However, a few statistically significant dif-
ferential effects were detected based on course type, divi-
sion, and format. For example, students in laboratory-only
courses exhibited higher gains than those in combined lecture-
laboratory courses, and those in upper-division courses grew
slightly more than those in lower-division. Furthermore, stu-
dents whose Tiny Earth curriculum was integrated into biol-
ogy courses exhibited higher gains in scientific self-efficacy
than those integrated into microbiology courses or standalone
courses (see Figure 2A; Supplemental Table S5).

Also consistent with our hypothesis, students exhibited
significant gains in scientific identity across the assessed
course characteristics, with no meaningful differences based
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FIGURE 1. Mean student gains in (A) scientific self-efficacy, (B) scientific identity, and (C) orientation toward scientific values,
differentiated by student demographics (N = 1,316). Self-efficacy and identity were measured on scales from 1 to 5. Values were
measured on a scale from 1 to 6.
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FIGURE 2. Mean student gains in (A) scientific self-efficacy, (B) scientific identity, and (C) orientation toward scientific values,
differentiated by course characteristics (N = 1,316). Self-efficacy and identity were measured on scales from 1 to 5. Values were
measured on a scale from 1 to 6.
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FIGURE 3. Mean student gains in intentions to persist in STEM, differentiated by student demographics (N = 1,316). Persistence was
measured on a scale from 0 to 10.

on course format or delivery modality. However, statistically
significant differential effects were detected based on course
type, division, and enrollment size. Students in laboratory-
only courses reported slightly higher gains in scientific
identity than in combined lecture-plus-laboratory courses.
Students’ scientific identities in upper-division courses grew
slightly more than those in lower-division. Students in large-
enrollment courses grew slightly less than those in medium-
and small-enrollment courses (see Figure 2B; Supplemental
Table S6).

The analysis detected no meaningful differences regarding
gains in scientific values based on course division, enrollment
size, or delivery modality. However, a small statistically signif-
icant differential effect was detected based on the course type,
where students in laboratory-only courses grew slightly more
than in combined lecture-plus-laboratory courses, and format,
with higher gains in biology than microbiology or standalone
implementations (see Figure 2C; Supplemental Table S3).

Hypothesis 3 (H3): Students in Tiny Earth increase their in-
tent to persist in STEM.

Inconsistent with our hypothesis, the average persistence in-
tentions held steady, rather than growing, over the semester
(Table 3). The starting overall average level of scientific per-
sistence intentions was moderately high (i.e., 61% of the max-
imum possible score).

Hypothesis 4 (H4): Student demographics, course character-
istics, and changes in the three TIMSI mechanisms influence stu-
dents’ intent to persist in STEM.

Student gains in the three TIMSI mechanisms were
uniquely and positively associated with statistically significant
gains in persistence intentions. To understand the relation-
ships, we first binned the gains in each of the TIMSI mech-
anisms into three groups: average gains, representing those
who reported average gains in self-efficacy, identity, or values;

low gains, representing the lowest (−1 SD) gains in the TIMSI
mechanisms; or high gains (+1 SD), representing the highest
gains in the mechanisms. These three bins were then mapped
onto gains in persistence intentions. Students who reported
gains in scientific self-efficacy, identity, and values showed cor-
responding gains in persistence intentions. Gains in scientific
identity showed a somewhat stronger association with gains
in persistence intentions compared with the associations with
scientific self-efficacy and values (Figure 5; Supplemental Ta-
ble S8).

The analysis revealed no meaningful group differences in
persistence intentions gains based on student demograph-
ics, except first-year students showed a small decline, while
sophomores, juniors, and seniors held steady (see Figure 3;
Supplemental Table S3).

Furthermore, the analysis revealed that all course char-
acteristics except delivery modality correlated with differ-
ential growth in persistence intentions. Students exhibited
statistically significant gains in laboratory-only and biology-
focused courses, whereas those in combined lecture-plus-
laboratory, microbiology-focused, and Tiny Earth standalone
courses held steady. Students in lower-division courses and
those in large-enrollment courses exhibited a small statisti-
cally significant decline, whereas those in upper-division and
small- and medium-enrollment sized courses held steady (see
Figure 4; Supplemental Table S8).

DISCUSSION
Too often, students complete gateway science courses valuing
scientific approaches less than when they started, or they de-
cide to leave STEM altogether (Estrada and Matsui, 2019).
CUREs are designed to be the antidotes to STEM attrition.
CUREs are designed to engage all students—HEC and HIC
equitably—in authentic, relevant research investigation. The
goal of CUREs is to provide scientific knowledge, skills, and
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FIGURE 4. Mean student gains in intentions to persist in STEM, differentiated by course characteristics (N = 1,316). Persistence was
measured on a scale from 0 to 10.

practices of science while creating a sense of belonging that
encourages students to persist in science beyond the course,
through graduation, and into their careers. Because they pro-
vide students with opportunities to experience agency and the
thrill of discovery, CUREs tap into the factors that have been
shown repeatedly to help students persist in STEM: building
confidence, seeing themselves as scientists, and internalizing
the value of evidence-based, rigorous practices emblematic of
scientific discovery.

This study aimed to improve our understanding of the as-
sociations between participating in Tiny Earth, a science CURE

with widespread and varied implementation, and the psycho-
logical processes leading to social integration among diverse
students and types of Tiny Earth CURE courses. The study ap-
plied the TIMSI to understand how enrollment in Tiny Earth
is associated with students’ integration into the scientific com-
munity, measured through changes in scientific self-efficacy,
scientific identity, and orientation toward scientific values dur-
ing an academic term, and how these three psychological
mechanisms of social influence relate to intentions to persist
in STEM. We examined individual student differences and de-
termined how course contexts relate to outcomes. This study

FIGURE 5. Relationship between gains in students’ scientific self-efficacy, identity, and values with gains in intent to persist in STEM (N
= 1,316).
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builds on findings by others (Shuster et al., 2019; Borlee et al.,
2023), who applied TIMSI to upper-division CUREs. To our
knowledge, this is the first study examining these course vari-
ables on TIMSI factors in a CURE with a high number of stu-
dents across a range of student demographics, course imple-
mentations, and institutions that allowed us to compare out-
comes across those variables.

The main finding from this study is that, on average, stu-
dents enrolled in a one-term Tiny Earth CURE gained confi-
dence in and perception of themselves as scientists, yet held
steady in their orientation toward scientific values and STEM
persistence intentions. Specifically, we found that:

1. Tiny Earth students from historically excluded and in-
cluded communities gained substantially in scientific self-
efficacy and identity. These findings were not influenced by
student demographics but were somewhat influenced by
course type, division, and format.

2. Tiny Earth students from historically excluded and in-
cluded communities held steady in their orientation toward
scientific values. Scientific values outcomes were some-
what influenced by student year in school and course type.

3. Tiny Earth students from historically excluded and in-
cluded communities held steady in STEM persistence in-
tentions. Persistence outcomes were somewhat influenced
by student year in school and course type, division, size,
and format.

4. Gains in scientific self-efficacy, identity, and values orien-
tation correlate with increases in intentions to persist in
STEM. Scientific identity showed the greatest correlation
with persistence intentions.

These findings are consistent with previous studies that ap-
ply TIMSI to research experiences showing gains in scientific
self-efficacy and identity (Estrada et al., 2011; Borlee et al.,
2023) but add a multidimensional approach that teases apart
the differential impacts of individual student demographics
and course implementation types. Also consistent with pre-
vious studies, higher gains in TIMSI factors correlated with
higher persistence gains (Estrada et al., 2011).

Another notable finding from this study showed that Tiny
Earth students generally started their research experience
scoring moderately high on the three TIMSI factors related
to confidence and belonging in STEM and their intentions to
persist in science, which suggests that students who enroll in a
Tiny Earth course want to be there and participate in science.
Despite the relatively high scores at start-of-term, however, we
were still able to detect significant gains in students’ scientific
self-efficacy and identity during a one-term Tiny Earth course.
The gains held across all student demographic variables and
course characteristics, which indicate that a Tiny Earth re-
search experience is robust enough to build confidence and
belonging in STEM for everyone regardless of students’ HEC
status and the implementation context.

This study corroborates previous studies of CUREs that
show their positive effects on students from historically ex-
cluded and included communities. In particular, Tiny Earth
students from a breadth of backgrounds in a variety of edu-
cational contexts reported gains in their scientific self-efficacy.
In STEM contexts, self-efficacy involves having confidence

that one can perform the activities emblematic of scientific
research and the motivation to pursue learning and discov-
ery. The Tiny Earth curriculum, even when applied across
a variety of institutions and with course variability, implic-
itly addresses self-efficacy by connecting motivating content
(i.e., the thrill of discovery and solving a real-world global
health crisis) with scaffolded learning (i.e., incremental steps
toward designing and conducting experiments, progressively
more sophisticated laboratory protocols, and troubleshoot-
ing).

We also found that scientific identity increased for all stu-
dents across the various contexts in which they experienced
Tiny Earth. HEC and HIC students showed similar gains across
the board, with no differences between groups. These findings
signal that the Tiny Earth curriculum provides equitable ac-
cess for students to attain the benefits of research experience
for developing and maintaining a positive scientific identity,
regardless of race, ethnicity, gender, first-generation status, or
year in school. Interestingly, several course characteristics—
smaller size, upper division, laboratory-only, and those inte-
grated into biology courses—showed greater positive benefits
for students’ scientific identity. Small and laboratory-intensive
courses have been shown to benefit students in general (DeFeo
et al., 2020), so this result was not surprising.

Notably, this study found that Tiny Earth students remained
consistent in their scientific values and persistence intentions
over the course of the semester. Students are oriented toward
scientific values when they internalize and value scientific ex-
periences, such as building new knowledge to solve global
challenges, the thrill of discovery, and the importance of dis-
course. Tiny Earth provides regular, intentional opportunities
for students to engage with science practices, so we expected
gains in this area. However, studies have shown values ori-
entation to be a stubborn metric in which to detect changes,
even when it remains predictive of persistence (Estrada et al.,
2011; Borlee et al., 2023).

The one exception to consistent values scores happened
with first-year students, which showed an unexplained, sig-
nificant decrease in values orientation. This result could be
explained in part by the Stages of Intellectual Development
theory (Perry, 1999). The theory states that students early
in college tend to hold views based on dualism (e.g., facts
are right or wrong) or multiplicity (e.g., everyone’s opinion
is equal), compared with students later in college who learn
to appreciate relativism (e.g., conclusions made through
reasoning and evidence) and eventually commit to values and
action after thoughtful consideration and critical thinking.
The multiplicity stage, which many first-year students would
be reaching, manifests as a distrust in authority, reason,
abstraction, and science.

Consistent with previous research, when students reported
larger gains in scientific self-efficacy, identity, and values
(Figure 5), they were more likely to indicate larger gains in
their intentions to persist in STEM. This study, therefore, pro-
vides further quantitative support for the TIMSI model as a
predictor of persistence in STEM.

Limitations and Future Directions
This study is grounded in pre- and postmeasurements within
an academic term and builds on previous studies involving
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the TIMSI model and upper-division CUREs. Because several
of the most positive outcomes appeared in Tiny Earth courses
integrated into biology courses, comparing student outcomes
with biology courses that do not include Tiny Earth sections
would further elucidate the effect that the Tiny Earth curricu-
lum has on student gains within those contexts. We could find
no previous studies that might explain why students in intro-
ductory biology–based Tiny Earth courses would report higher
gains in scientific identity. We hypothesize that these gains
could be results from students entering a relativistic stage of
development that better aligns with science by happenstance
during introductory biology, or it could simply be an anomaly
of Tiny Earth’s flexible implementation across course types.

An unanticipated outcome of this study was the high num-
ber of students who declined to identify their gender. Twenty-
five percent of students selected PNTS for the gender iden-
tity item, in contrast to <1% for race/ethnicity and academic
rank. The PNTS item is different from the “other” item on
the instrument, from which we could extract a subset of stu-
dents who specified their identity as TNG. Although the num-
ber of PNTS is substantial, we cannot interpret what it means
in this context. As a research community, we need to explore
better ways for respondents to claim their identity on their
terms and ensure their contributions are not omitted from
research.

CONCLUSIONS
The results of this study add to a growing literature that
demonstrates that a sense of belonging can be fostered in core
science courses. Higher education has the opportunity to use
evidence-based interventions, such as active-learning strate-
gies, AJEDI activities, and CUREs, which reliably engage tal-
ented students in STEM. One research group estimated that if
every undergraduate in the United States could take a CURE,
an estimated 200,000 more students would graduate college
in STEM fields each year (Dolan and Weaver, 2021). Consid-
ering that several CUREs have been rigorously studied, op-
timized, and disseminated, there are many validated choices
available (Buchanan and Fisher, 2022). If a federal agency or
private foundation provided resources for training to teach a
CURE for one instructor from each of the 4000 undergradu-
ate institutions in the United States, positive transformation
would occur. We estimate that such training could be accom-
plished for $25 million and eventually could result in every
undergraduate having the option to take a research course.
This seems like a modest investment to powerfully leverage
CUREs to create a more sufficient, diverse, and robust STEM
workforce.

ACCESSING MATERIALS
The Tiny Earth student research guide is available for pur-
chase online at https://tinyearth.wisc.edu/students/. Some
materials are available in previous publications (S. Hernan-
dez et al., 2020; González-Orta et al., 2022; Miller et al.,
2022). To access the full set of instructor resources, apply
to attend a TEPI Training at https://tinyearth.wisc.edu/tiny-
earth-partner-instructors/. Trainings are currently free for U.S.
college instructors, except for travel to the training site. No
promotion of the curriculum should be construed.
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