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Increasing Persistence of College
Students in STEM

An evidence-based framework offers a guide
for efforts to increase student persistence
in STEM majors.
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often as white students (8). Such stark statistics invite a hard look at research and practice that bear on retention.
The concept of persistence originates in
social and cognitive psychology as one manifestation of motivation (6). In education,
motivation is viewed as a driver of student
engagement. Among the important constructs underlying motivation is the powerful
inﬂuence of conﬁdence (i.e., self-efﬁcacy),
which is a requirement for persistence (9).
Therefore, it is imperative that persistence
efforts address motivation and conﬁdence
(see the ﬁgure).
The framework identifies learning and
professional identiﬁcation as determinants
of persistence. Research demonstrates their
importance in predicting student behavior (2,
4, 10), and both can be modulated by myriad
interventions (7). Some of the most successful STEM retention initiatives pay careful
attention to both elements (3). Moreover,
both learning and professional identification increase conﬁdence and, consequently,
motivation, which in turn spur academic success and feeling like a scientist, thus creating
mutually reinforcing experiences (see the
ﬁgure). This contrasts with student reports
of many current introductory STEM courses
that obscure the subject, diminish students’
confidence, and discourage them from
becoming scientists (7). Although the conceptual elements are well established, unifying them into a single persistence framework
for guiding STEM education is new.
Answering PCAST’s call to increase
STEM student retention requires widespread attention. Departments and institutions also need ﬂexibility in the approaches
they take and a look at working examples
they can model. Because the framework uniﬁes principles that may be implicit in even
the most successful programs, we highlight
a few intensively studied ones with quantiﬁable success (although many other successful models exist).
For African-American students and other
underrepresented groups, the University of
Maryland–Baltimore County Meyerhoff
Scholars Program has dramatically increased
student achievement, retention, and graduate
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2012 report by the President’s Council of Advisors on Science and Technology (PCAST) predicts that the
U.S. workforce will suffer a deﬁcit of one
million college graduates in science, technology, engineering, and mathematics (STEM)
over the next decade (1). The report calls for
addressing the shortfall by increasing retention of college students in STEM. But many
academic leaders have not responded aggressively to workforce needs by implementing
measures that increase retention. Some of
this nonaction is likely due to lack of knowledge about proven retention strategies.
Here, we introduce a “persistence framework” that integrates evidence from psychology and education research into a guide for
launching and evaluating initiatives aimed
at increasing persistence of interested college students (2–5). We emphasize “persistence,” which focuses on student agency (6),
rather than on the institutional perspective of
“retention,” although the intended outcomes
are the same. Most of the research we review
was conducted in the United States, but the
problem is not unique to one country, and the
solutions are probably universal.
Persistence of more top students would
address the projected STEM workforce deficit, while building a deeper, broader talent
pool (1). Less than half of the three million students who enter U.S. colleges yearly
intending to major in a STEM ﬁeld persist in
STEM until graduation (1). The exit rate is
especially high for the so-called “underrepresented majority,” women, racial, and ethnic minorities who are underrepresented in
STEM majors but collectively make up 68%
of college students in the United States (7).
For example, African-American students
who intend to major in STEM switch to a
non-STEM ﬁeld before graduation twice as
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The Persistence Framework. Conﬁdence is belief
in one’s own ability; motivation is intention to take
action in pursuit of goals; learning is acquiring
knowledge and skills; and professional identiﬁcation
is feeling like a scientist.

study in STEM ﬁelds. Of their 508 STEM
majors between 1993 and 2006, Meyerhoff
boasts 86% retention in STEM (3), twice
the nationwide average for all students and
more than four times the average retention
for African-American students. Other programs such as the Biology Scholars Program
at University of California, Berkeley (11),
more broadly target gender, racial, and ethnic groups. Another approach is the peer-led
Gateway Science Workshops at Northwestern University (12), which are open to all
beginning STEM students. The Posse programs that focus on urban-schooled science
students (1), and the LA-STEM and Howard
Hughes Medical Institute (HHMI) Research
Scholars Programs at Louisiana State University that focuses on promoting student
diversity in STEM are other outstanding
examples.
Such successful programs commonly use
three interventions widely recognized for
inspiring STEM students: (i) early research
experiences, (ii) active learning in introductory courses, and (iii) membership in STEM
learning communities (see the ﬁgure).
Early research experiences. Despite wellknown beneﬁts of research experience, most
undergraduates are not offered research
opportunities until late in college, after
the critical period of attrition from STEM
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majors (13). Students who engage
of the academic beneﬁts of group
in research in the first 2 years of
work outside of class, and confront
college are more likely to persist in (i) Faculty and instructional staff should teach undergraduate research
unintentional biases that may make
courses, use active learning in introductory STEM courses, and encourage
STEM majors (14). Research expe- students to form learning communities;
it challenging to break into estabrience is a powerful learning tool,
lished cliques (20). Instructors can
(ii) Students should be educated about the benefits of learning communities
engaging students and stimulating and supported to create their own;
reduce this tendency by confronting
curiosity; and it naturally encourthe issue in class and encouraging
(iii) Departments should examine curricula and reward structures to
ages professional identification incentivize effective teaching, and then align them to enable early research
students to form and join inclusive
because students are being scien- and active learning in introductory courses;
groups.
tists, not just studying products of (iv) Provosts, deans, and chairs should advocate for and dedicate resources
Proven interventions exist, so
other people’s science.
now it is time for all stakeholders
to changing classroom practice by creating opportunities for instructors to
The PCAST report recommends learn new teaching techniques;
to contribute to increasing student
implementing research courses for (v) Public and private funding entities should apply the persistence
persistence in STEM majors (see
all beginning undergraduates (1). framework to evaluation of new initiatives in STEM undergraduate
table). The elements of the persisResearch courses provide students education; and,
tence framework are universal and
with the project ownership and intel- (vi) Accreditation agencies should incorporate measurements of STEM
can be tailored for any classroom. In
lectual challenges of empirical pur- persistence into their periodic institutional reviews.
the United States, a concerted effort
suit. At the same time, these courses
to implement evidence-based stratuse teaching time and materials efﬁciently by induces active engagement in large lec- egies will pay off by advancing the goal of
having student teams work on parallel prob- ture courses (18). Active learning improves having sufﬁcient STEM college graduates to
lems that require similar techniques.
understanding and retention of concepts and meet projected workforce needs.
In research courses, students engage in information (1), and it helps students identify
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