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For any undergraduate contemplating a ca-
reer in scientific research, participating in
authentic research seems like a good op-
portunity. But what are authentic research
experiences? How do they benefit undergrad-
uates? What forms of mentoring are suc-
cessful? What needs improvement? And
how can these experiences meet the needs
of interested students while at the same
time be cost-effective in large research
universities?
We review the research tackling these

questions and find few answers. While
most undergraduates give high ratings
to research experiences, specific benefits
have not been documented. Of the 60 em-
pirical studies published in the last 5
years, only 4 directly measured gains in
research capabilities or conceptual under-
standing. Most studies draw conclusions
from self-report surveys or interviews,
notoriously poor methods for document-
ing impacts. These studies leave us with
few insights into what works and little
idea about how to make the experiences
more effective.

BACKGROUND: Most colleges and uni-
versities offer Undergraduate Research
Experiences (UREs) and/or Course-based
Undergraduate Research Experiences
(CUREs) (Fig. 1). Two large surveys, the
2004 Freshman Survey and the 2008
College Senior Survey, administered at
over 200 institutions, generated data
about the impact of undergraduate re-
search experiences on persistence in sci-
ence and intention to pursue graduate
school. These studies document that
students appreciate undergraduate research
experiences. The surveys are unable, however,
to distinguish between UREs and CUREs.
In addition, the value that undergraduate
research adds cannot be disentangled from
precollege preparation, especially for students

from groups that are underrepresented in
science.

ADVANCES:DesignersofUREsexpect students
to benefit from participating in a scientific
laboratory but have not determined opti-

mal ways to orient and guide participants.
Students often expect the URE to mimic their
college laboratory experiences with proce-
dural guidance and planned outcomes. Dur-
ing the first year of a URE, students often
report spending most of their effort on set-
ting up and conducting experiments and
limited effort on understanding the inves-
tigation or interpreting the results. Students
would benefit from an orientation that inte-
grates their beliefs and expectations with
the realities of the research experience. The

few studies that measure changes in under-
standing of scientific practices or relevant
science concepts report little or no gains after
1 year in a URE. Students who spend over a
year in a URE often learn new methodo-
logical techniques, collect their own data,

interpret findings, and
formulate new research
questions. The slow en-
culturation into lab ac-
tivities maymake sense,
especially when students
join labs investigating

questions that do not arise in undergraduate
education. The time and resources needed,
however, limit the scalability of UREs. Students
encounter new ideas during their research
experiences but often need guidance to inte-
grate these ideas with their expectations. We

discuss ways that designers of UREs can
speed up enculturation and strengthen
guidance.
Individual mentoring emerges as an

effective way to guide students and im-
prove learning from research experi-
ences. Activities that could help students
benefit from research experiences in-
clude discussion with mentors, partici-
pation in group meetings where current
research is discussed, guided opportuni-
ties to explore relevant research litera-
ture, reflection on observations in weekly
journals, and synthesis of their insights
by creating research proposals, reports,
or posters. We discuss ways to prepare
mentors so that they can efficiently guide
students.

OUTLOOK: Undergraduate research ex-
periences absorb a lot of time, money,
and effort. The costs and benefits of re-
search experiences for building human
capital, benefitting undergraduates, im-
proving workforce diversity, and strength-
ening educational outcomes need better
understanding. Making the best use of
extramural funds and the (often volun-
tary) contributions of faculty to improve
undergraduate research experiences re-
quires a strong research base.
More rigorous research is needed, and

the field could benefit by building on
insights from the learning sciences. We use
the knowledge integration framework to in-
terpret the available findings and to identify
gaps in the research base.
We discuss ways to develop validated, gen-

eralizable assessments such as methods for
measuring ability to locate and interpret pri-
mary literature. We suggest techniques for de-
veloping criteria for evaluating mentoring
interactions. We identify ways to strengthen
mentoring and to ensure that research experi-
ences meet the needs of diverse students. ▪
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URE in action. Biofuel research engages a Berkeley
undergraduate researcher during a summer internship
with the Synthetic Biology Engineering Research Center
(funded by NSF grant 1132670).
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Most undergraduates give high ratings to research experiences. Studies report that
these experiences improve participation and persistence, often by strengthening students’
views of themselves as scientists. Yet, the evidence for these claims is weak. More than
half the 60 studies reviewed rely on self-report surveys or interviews. Rather than
introducing new images of science, research experiences may reinforce flawed images
especially of research practices and conceptual understanding. The most convincing
studies show benefits for mentoring and for communicating the nature of science, but
the ideas that students learn are often isolated or fragmented rather than integrated and
coherent. Rigorous research is needed to identify ways to design research experiences
so that they promote integrated understanding. These studies need powerful and
generalizable assessments that can document student progress, help distinguish effective
and ineffective aspects of the experiences, and illustrate how students interpret the
research experiences they encounter. To create research experiences that meet the
needs of interested students and make effective use of scarce resources, we encourage
systematic, iterative studies with multiple indicators of success.

M
any claim that undergraduate research
experiences improve preparation of the
next generation of scientists and in-
crease persistence in science (1–3). The
limited evidence for the impact of un-

dergraduate research experiences makes it diffi-
cult, however, to justify the substantial resources
they require. Of the 60 empirical investigations
published during the last 5 years, over half rely
exclusively on self-report surveys or interviews to
document outcomes, although such evidence has
serious flaws (4) (Fig. 1). Fewer than 10% of the
studies validate self-reports with analysis of re-
search products (such as presentations or culmi-
nating reports), direct measures of content gains,
longitudinal evidence of persistence, or observa-
tions of student activities. Although researchers
often call for better assessments, valid measures
have yet to be designed (5–10). In addition, under-
graduate research programs often select students
who already intend to persist in science and
primarily document that they continue to major
in science. More nuanced indicators of success
such as improved use of scientific practices, in-
creased ability to interpret original sources, or a
better sense of possible flaws in research designs
would strengthen the research base.We draw on
the most convincing studies to identify impacts
and opportunities for future investigations. We
identify mentoring as essential for successful
support of undergraduates considering careers
in science. We call for studies that distinguish
which types of undergraduate research experiences

succeed for studentswith distinct interests, back-
grounds, and preparation.

Designing research experiences to
promote integrated understanding

Undergraduate research experiences provide a
window on science in the making, allowing
students to participate in scientific practices
such as research planning, modeling of scien-
tific observations, or analysis of data. The expe-
riences are intended to enculturate students into
scientific investigation. Faculty, postdoctoral
scholars, and other members of the lab mentor
students. Ideally, mentors guide students to
interpret authentic images of scientific research
and link their experiences to their own beliefs or
expectations. Interview studies document the
many inconsistent ideas about scientific research
that undergraduates develop.Many expect scientific
research tomimic their college laboratory experi-
ments. Others are unprepared for the failure rate
in independent research. For example, one student
said, “I honestly expected it to be like my organic
chemistry lab that I just finished last year [...] I’m
used to ‘here is the procedure, now get to it,’ and
I thought that waswhat the experience would be
like” [(11), p.1084]. In a post–research experience
interview another student reflected, “I think this
experience helped me to really understand that
it’s not, like, a magical experiment and you come
up with magical data and some magical conclu-
sion, and that it is frustrating, but you get
through it, and you get over it, and you’ll run it
again and if it’s just as frustrating, you’ll do it
again” [(12), p.65].
To characterize the investigations of research

experiences, analyze how they promote integrated

understanding in science, and recommend im-
provements, we draw on research in the learning
sciences. Specifically, we use the knowledge in-
tegration framework that synthesizes extensive
research on inquiry science to identify gaps and
conundrums in the research on undergraduate
research experiences (13–17). This framework calls
for eliciting students’ initial ideas (consistent
with hypothesizing) and encouraging students
to test them against new ideas (18). To add new
ideas, the framework documents the value of
participating in personally relevant contexts, such
as research experiences to make sense of science
practices. The framework also highlights the
value and importance of dynamic models of
scientific phenomena that reveal insights into
unseen processes such as molecular reactions
(19). Perhaps most importantly, the framework
emphasizes that new ideas can be isolated and
forgotten and highlights the need to guide
students to become adept at distinguishing among
their initial ideas and those they encounter in
courses or research experiences to build coher-
ent understanding (17). Finally, the framework
builds on research showing that learners benefit
from reflecting on their investigations and ob-
servations to sort out and consolidate their ideas
(20). This framework guides our analysis of the
literature on research experiences and our recom-
mendations for improving them (Fig. 2).

Distinguishing among
research experiences

Research experiences include Undergraduate Re-
search Experiences (UREs) and Course-based
Undergraduate Research Experiences (CUREs)
(21). UREs feature individual students in faculty
research laboratories and provide the opportunity
for one-on-onementoring (Fig. 3). Typically, students
spend one or more semesters in labs, although
the type of activity and form of mentoring varies
substantially. Selection for UREs is highly compet-
itive because few students can be accommodated.
Using grades, test scores, and essays, selection
committees generally identify students who suc-
ceeded in high school and college, although a few
studies use other criteria. Most students in UREs
are alreadymotivated to succeed in science. UREs
may exclude students whose interests are not rep-
resented by the available research. In contrast,
CUREs have a curriculum and are open to most
students. CUREs put high demands on one or a
few mentors to guide many students (22). Many
studies demonstrate that duration for bothUREs
and CUREs affects outcomes (23–27). UREs and
CURES vary in selectivity, duration, setting,men-
toring, and cost (Fig. 4).

Impacts and opportunities

We synthesize impacts and opportunities of un-
dergraduate research experiences from the studies
reviewed. We organize the studies in five themes:
(i) mentoring participants, (ii) selecting partic-
ipants and promoting identity, (iii) improving
research practices, (iv) expanding conceptual un-
derstanding, and (v) communicating the nature
of science.
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Mentoring participants
Successful mentoring balances the dual goals
of helping undergraduates deepen their under-
standing of science and guiding them to develop
a scientific identity.Mentors ideally orient under-
graduates to develop and integrate (i) conceptual
knowledge and background information in the
topic of the research experience; (ii) science prac-
tices such as developing an argument from evi-
dence; and (iii) insights into the culture of the
lab, including the requirements of the funding
and the roles of the participants. Mentors guide
students to form a scientific identity by helping
them imagine roles they can play in the lab, rec-
ognize gaps in their knowledge that future courses
will fill, and identify ways to contribute that also
strengthen their current capabilities. Researchers
have studied mentoring in varied professional
and educational contexts using surveys and in-
terviews (28, 29).
Typically, mentoring is shared among faculty,

postdoctoral researchers, and graduate students
with UREs offering an individual relationship
withmentors and CUREs requiring students to
share one or several mentors. Studies indicate
that undergraduates interact most frequently
with graduate students and postdocs, and less
with faculty (26). Mentoring by graduate and
postdoctoral researchers tends to focus on tech-
nical aspects of the projects, whereas faculty are
likely to help students build a scientific identity
by articulating their knowledge, reasoning, or
problem-solving skills (30). Thus, graduate students
and postdoctoral researchers may spend more
time with their mentees than faculty, but rarely
support development of the complex scientific
reasoning skills and professional identity forma-
tion that could benefit undergraduates. Peers can
also help orient and informother undergraduates
about research, especially in UREs where experi-
enced students mentor newcomers (31).
Mentors have responsibility to orient students

so they can see the connections among experiences

1261757-2 6 FEBRUARY 2015 • VOL 347 ISSUE 6222 sciencemag.org SCIENCE

Fig. 2. Mentoring to promote knowledge integration. Successful mentors elicit ideas to find out what students think, add relevant new ideas, encourage
students to find evidence to distinguish among disparate ideas, and ask students to reflect and consolidate their experiences.

Fig. 1. Goals measured, methodologies used, and key findings. We used electronic databases and
Internet search engines such as ERIC, Web of Science, SciFinder Scholar, Science Citation Index, and
EdFull to identify studies.We reviewed citations in relevant articles and examined individual journals (e.g.,
J. Chem. Ed.) to locate papers missed by the search. Key words included undergraduate research,
research opportunities, and science, physics, chemistry, biology. Computer science and psychology were
excluded to keep the research experiences as similar as possible. Consistent with journal policy, we
included papers published in the last 5 years (2010 to 2014). This process yielded 253 documents
published in peer-reviewed journals. Review of titles and abstracts yielded 60 empirical studies.We used
an emergent categorization process to analyze and score the characteristics of each study. References
(1, 11, 12, 22–27, 30, 32–35, 37, 39–47, 50–52, 55–74) provided the basis of the analysis in Fig. 1. See the
reference list for full citations.
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with experimental design, data collection, interpre-
tation of findings, and scientific communication;
help students understand the science concepts
and practices necessary for the research project;
and guide students to develop resilience to in-
evitable failures (32–34). Additionally, mentors

need to provide professional socialization and
emotional support so that students can integrate
their ideas about their scientific identity with the
setbacks and confusions they encounter in their
interactions with the members of the lab. One
study shows thatmentors can challenge students

to become aware of the tension between their
own cultural norms and those of the scientific
community (35). Other investigations found that
students who feel supported by faculty are more
likely to go to graduate school (22), that frequency
of meetings with faculty mentors correlates with
student confidence to perform science practices
or pursue a research career (36), and that students
who lack interactionswithmentors and fail to get
direction for research projects are likely to change
career plans away from science (37). Studies sug-
gest that mentors who function as career coaches,
focusing on ways to remedy gaps in preparation,
may be more effective than those who primarily
emphasize social support (38). Overall, mentors
play a crucial role in undergraduate research ex-
periences, often with little preparation, support,
or even rewards for their contributions.

Promoting persistence and identity

Longitudinal studies using the 2004 Freshman
Survey and 2008 College Senior Survey tracked
students who initially expressed an intention to
pursue a STEMmajor (22, 39, 40). They found that
students generally rated URE and CURE partic-
ipation highly. Those who participated in UREs
were 14 to 17% more likely to persist in science
majors and more likely to retain their interest in
graduate school than nonparticipants. However,
the validity of this finding is undermined be-
cause intention to enroll in graduate school was
inferred from a question asking for graduate
school major, and those not planning to attend
were instructed to skip the question (22). Although
the analysis adjusts for missing data and low
response rates, the surveys did not adequately
differentiate between UREs and CUREs, adjust
for difference in selection criteria across institu-
tions, or control for duration (a known factor in
impact),making interpretationworrisome (41,42).
Furthermore, these analyses do not establish the
direction of causality since students may partic-
ipate in a URE because of their desire to persist
or their interest in building a relationship that
could result in a letter of recommendation for
graduate school, rather than persisting because
of their experience in the URE.
To promote identity as a scientist, five studies

augment self-report surveys about persistence
with interviews (31, 43–45) or journal reflections
(33). In interviews, undergraduates from groups
underrepresented in science reported that research
experiences increased their confidence and ex-
panded their images of science careers by allow-
ing them to try out the roles of research scientists
(31, 45). Other undergraduates reported that the
research experience gave them the opportunity
to broaden their academic and professional sci-
ence networks (33), the chance to learn how to
act like professionals in a research setting (45), a
feeling of ownership of their research project (46),
and the option of determining whether the work
of a scientist could align with their personal val-
ues and goals (44). Both interviews and journal
writinghad the added value of supporting students
to connect ideas from their research experience
to their views of themselves as scientists.
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Fig. 3. Characteristics of UREs and CUREs. CUREs typically provide research experiences for 30 or
more students guided by a course instructor and/or graduate student, and involve classes, credits, grades,
and assignments. Students typically compete for URE placements, spend time in a research laboratory,
and receive one-on-one mentoring from a postdoc, graduate student, or faculty member.

Fig. 4. Implementation site, duration, and research participants for UREs and CUREs. About 70%
of the research experiences were studied at 4-year institutions. Most studies of CUREs involved lower-
division students and lasted one semester or less, whereas studies of UREs involved both upper- and
lower-division students whose length of participation varied within the study.
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Access, duration, and selectivity of research
experiences influence their impact. In the studies
reviewed, students are more likely to participate
in directed research with a faculty member in a
small liberal arts institution (37) than in a large
research university (25). Sustained participation
(three or more semesters) in a URE builds iden-
tity as a scientist, whereas intermittent URE par-
ticipation can be a negative experience (37) and
short UREs have little to no benefit (25). Selec-
tion practices could also limit the impact of re-
search experiences: One study found that high
school preparation mattered more than research
experiences for a sample of students who are
from groups underrepresented in science and
who begin college with high grades and aspira-
tions (39). These findings reinforce the impor-
tance of mentoring and illustrate the complexity
of designing effective research experiences.
These results raise the question of whether re-

cruiting underrepresented students to UREs and
CUREs coupledwith appropriatementoring could
increase diversity in science. One program, SURE
at Emory University, reports increasing diversity
by bringing second-year community college students
to flagship universities for UREs (41). They select
students based on math preparation, experience
with science, and success in overcoming challenges.
Preference is given to first-generation college at-
tendees and students from underrepresented
groups. Regression analyses of transcripts re-
vealed that SURE participants tookmore science
courses as seniors and earned higher grades in
those courses than nonparticipants. A replication
with randomized assignment to SURE would
strengthen the findings.

Improving research practices

Although self-report surveys show that partic-
ipants believe they learned science practices such
as lab techniques, ability to analyze data, and skill
in oral andwritten presentation, the studies could
be strengthened by measuring progress directly
and by determining whether students have a
coherent view of science practices (23, 41, 47–49).
For example, students may develop data col-
lection skills but lack ability to interpret results
(25–27, 30). One study that combined surveys,
interviews, and shadowing of eight undergraduates
as they interacted with a research team found
that students primarily set up and conducted ex-
periments, rather than understanding the rationale
for design or the interpretation of results (40).
These studies do help explain why duration

affects outcomes from research experiences
(23–25, 27, 37). During the first year, students,
who are typically unfamiliar with the science con-
cepts and techniques of the lab, need orientation
to the specific research project and slowly acquire
this knowledge. In 1 year or less, the duration
of most UREs, students learn how to set up
experiments specific to that lab and collect data
but can rarely relate the analyses to a research
question (30). Several studies found that adopt-
ing the traits, habits, and temperament (patience,
perseverance, initiative) of scientific researchers
only begins to emerge in the third semester of a

URE (26, 27). Some second-year students learned
new methodological techniques, collected their
own data, interpreted findings, and formulated
new research questions. The slow enculturation
into scientific practices helps explain survey re-
sults showing that 1-year UREs generate little
progress in understanding science practices.

Expanding science
conceptual understanding

Understanding of the underlying theories and
concepts is essential for students to benefit from
authentic science experiences and is more suc-
cessful in CUREs than in UREs (27). CUREs offer
opportunities to develop conceptual understand-
ing by integrating lectures and readings with
investigations of an important research question
(50, 51). Thus, CUREs build on learning strategies
that students have used in other courses.
URE placements often require conceptual un-

derstanding that is beyond the student’s acad-
emic preparation, especially at research universities
where students may join labs investigating ques-
tions that do not arise in undergraduate educa-
tion. Although URE placements can motivate
students to develop new insights, the limited
evidence for gains in conceptual understanding
suggests that this is rare. Typically, students need
guidance to understand the rationale, research
design, and contribution to the field in this new
area (26, 27). Mentors may orient students to rel-
evant literature, or students may seek resources
on their own. After completing 1 year in the URE,
undergraduates begin to benefit from reading
literature, talking with senior scientists, and par-
ticipating in labmeetings, activities likely to help
them integrate their understanding of the under-
lying theories and concepts (30).
Studies have evaluated gains in conceptual

understanding by using grade-point averages
and patterns of future course selection, but these
activities could result from multiple aspects of
the experience (52). Promising assessments ask
students to analyze new examples of primary lit-
erature, but are rarely used, probably due to the
challenges of developing scoring rubrics (8, 50).

Communicating the nature of science

Both UREs and CUREs help students refine their
appreciation of the process of scientific research
(23, 27, 43). Students come to research experi-
ences with inaccurate ideas about the nature of
science (53, 54). For example, undergraduates
expect research to be more efficient and to have
fewer setbacks than they encounter. A student
may describe a procedure as “finicky” or prone to
errors rather than recognizing that trial and
refinement are part of the nature of science (27).
Students often develop conflicting ideas about
the nature of science. For example, one student
explained that the “scientific method” should be
“stuck to like glue,” yet also reported that, “well it
is alright to keep some things [the same] and
change others” [(11), p. 1091].
Several studies use interviews and journals to

show that students in research experiencesmake
progress in understanding the nature of science.

In one study, undergraduates gained ability to
attribute a scientific purpose to an experiment,
describe theories scientifically, and recognize cre-
ativity in research and teaching (12). In another
study, students shifted from viewing science as a
stepwise linear progression to seeing science as
messy and involving iteration (11). Examination
of the interviews or journals suggests that mo-
tivating students to articulate their views about
the nature of science and talk or write about their
experiences helps them reflect on their experi-
ences, consistent with the knowledge integration
framework (see Fig. 2).

Conclusions

Evidence for the benefit of research experiences
from the 60 reviewed studies published in the
last 5 years is limited. One challenge involves
documenting the differences betweenundergrad-
uate research experiences and typical labs. Studies
report that UREs often engage undergraduates
in following experimental protocols rather than
interpreting results. CUREs use lectures and
readings to impart conceptual understanding
about an important research question, consist-
ent with instructional strategies in other courses
(30, 50, 51, 55). While introducing new images of
science, research experiences may also reinforce
incomplete or inaccurate images. As expected, du-
ration of UREs and intensity of mentoring both
strengthen impacts and differentiate research
experiences from typical labs (25, 36, 37).
Overall, these findings suggest the need for

greater emphasis on integration of research ex-
periences with the beliefs and expectations of
undergraduates (13–17). When research experi-
ences introduce new ideas, these ideas are often
isolated and fragmented. Students need oppor-
tunities to integrate evidence from their research
experiences to strengthen views of their identity
as scientists, the range of science practices, ways
to learn science concepts, and the nature of sci-
ence. Interviews following UREs and CUREs
document the value of asking students to reflect.
These interviews sometimes engage undergrad-
uates in reflecting on their experiences for the
first time.
Using the knowledge integration framework

to interpret the findings, we note that students
need mentors who orient them to the practices
and concepts of the lab so that they can fully
benefit. In many UREs, it takes over a year for
students to gain sufficient understanding to
make sense of the science practices or concepts
of the lab. The few studies that validate self-
report findings with other evidence report that
research experiences can expand students’ im-
ages of the roles available in science (31, 45). This
expanded repertoire of opportunities in science
has the potential to help undergraduates findways
to self-identify as scientists. However, mentoring
to incorporate these images into the students’
identity is related to the amount of contact with
a faculty mentor—a scarce resource in most pro-
grams. The most promising studies use inter-
views or journals to elicit ideas and to encourage
students to distinguish among their initial ideas
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and their experiences. These studies suggest that
students who are encouraged to articulate their
ideas and reflect on their experiences also con-
solidate their ideas, consistent with the emphasis
in the knowledge integration framework on dis-
tinguishing ideas and reflecting. Designers could
use the features of knowledge integration as criteria
for reviewing and improving undergraduate re-
search experiences (see Fig. 2).
Studies of research experiences need the same

rigorous designs and assessments as other scien-
tific research. Studies comparing promising alter-
native approaches to mentoring, ways to illustrate
science practices, or methods for orienting par-
ticipants to a URE placement would advance
understanding. Following the knowledge inte-
gration framework, studies could compare jour-
nals, peer support, structured interviews, and
one-on-onementoring as ways to help students
consolidate their understanding.
Comparison studies need appropriate controls

to advance our understanding. Thus, compar-
isons of UREs and CUREs need to account for
the differences among participants. For example,
most students whomeet the selection criteria for
UREs have already decided to persist in science;
those in CUREs may still be deciding.
The field needs agreed-upon criteria for under-

graduate research experiences and validated, gen-
eralizable assessments for these criteria. Research
to identify measures of research practices that
can be used in multiple studies and criteria for
evaluating mentoring interactions, as well as
methods for measuring ability to locate and
interpret primary literature, could advance the
field. Promising measures should be tested across
investigations and refined.
Disaggregating the populations targeted by

undergraduate research experiences could help
decision-makers allocate scarce resources. Inmany
studies, the value of undergraduate research can-
not be disentangled from precollege preparation.
Using good measures of prior understanding
and expectations, studies that analyze benefits
for subgroups of students could also help those
designing research experiences address theunique
interests and aspirations of individuals and groups.
Such studies could experiment with variations in
the selection criteria for research experiences to
determine whether current approaches are ideal.
In addition, findings about successful experiences
need replication and extension, particularly for
students from nondominant cultures.
Research suggests a conundrumbetweenmen-

tor availability and mentor impact. Graduate
students and postdocs generally mentor under-
graduates about scientific practices and research,
whereas faculty mentor undergraduates to de-
velop an image of themselves as scientists. Men-
tors rarely receive guidance about how best to
mentor undergraduates. The field would benefit
from research that identifiesmentoring practices
and incorporates them into professional devel-
opment formentors, including graduate and post-
doctoral researchers. Professional development
can help mentors (i) identify and negotiate ex-
pectations with theirmentees; (ii) explore under-

graduate assumptions about research experiences;
(iii) monitor student progress; (iv) encourage
reflection; and (v) support students emotion-
ally as well as intellectually (51, 52). Methods
are needed to allocate credit to faculty for men-
toring students and developing effective UREs
and CUREs.
Finally, the costs and benefits of research ex-

periences for building human capital, benefiting
undergraduates, improving workforce diversity,
and strengthening educational outcomes need
better understanding. Making the best use of
extramural funds and the, often voluntary, con-
tributions of faculty to allocate opportunities and
improve undergraduate research experiences re-
quires a strong research base.

REFERENCES AND NOTES

1. S. R. Singer, M. L. Hilton, H. A. Schweingruber, Eds., America's
Lab Report: Investigations in High School Science (National
Academies Press, Washington, DC, 2005).

2. C. Brewer, D. Smith, Eds., Vision and Change in Undergraduate
Biology Education: A Call to Action (American Association for
the Advancement of Science, Washington, DC, 2011).

3. M. J. Graham, J. Frederick, A. Byars-Winston, A. B. Hunter,
J. Handelsman, Science education. Increasing persistence of
college students in STEM. Science 341, 1455–1456 (2013).
doi: 10.1126/science.1240487; pmid: 24072909

4. C. R. Critcher, D. Dunning, J. Pers. Soc. Psychol. 97, 931–945 (2009).
5. T. D. Sadler, S. Burgin, L. McKinney, L. Ponjuan, Learning science

through research apprenticeships: A critical review of the literature.
J. Res. Sci. Teach. 47, 235 (2010). doi: 10.1002/tea.20326

6. A. P. Dasgupta, T. R. Anderson, N. Pelaez, Development and
validation of a rubric for diagnosing students’ experimental
design knowledge and difficulties. CBE Life Sci. Educ. 13,
265–284 (2014). doi: 10.1187/cbe.13-09-0192

7. R. A. Duschl, H. A. Schweingruber, A. W. Shouse, Eds., Taking
Science to School: Learning and Teaching Science in Grades K-8
(National Academies Press, Washington, DC, 2007).

8. C. Gormally, P. Brickman, M. Lutz, Developing a Test of
Scientific Literacy Skills (TOSLS): Measuring undergraduates’
evaluation of scientific information and arguments. CBE Life
Sci. Educ. 11, 364–377 (2012). doi: 10.1187/cbe.12-03-0026;
pmid: 23222832

9. J. Osborne, Arguing to learn in science: The role of
collaborative, critical discourse. Science 328, 463 (2010).
doi: 10.1126/science.1183944

10. L. M. Stevens, S. G. Hoskins, The CREATE strategy for
intensive analysis of primary literature can be used
effectively by newly trained faculty to produce multiple gains in
diverse students. CBE Life Sci. Educ. 13, 224–242 (2014).
doi: 10.1187/cbe.13-12-0239

11. D. P. Cartrette, B. M. Melroe-Lehrman, describing changes in
undergraduate students’ preconceptions of research activities.
Res. Sci. Educ.42, 1073–1100 (2012). doi: 10.1007/s11165-011-9235-4

12. C. B. Russell, G. C. Weaver, A comparative study of traditional,
inquiry-based, and research-based laboratory curricula:
Impacts on understanding of the nature of science.
Chem. Educ. Res. Pract. 12, 57 (2011). doi: 10.1039/c1rp90008k

13. J. D. Bransford, A. L. Brown, R. Cocking, How People Learn:
Brain, Mind, Experience, and School (National Academy Press,
Washington, DC, 1999).

14. J. W. Pellegrino, N. Chudowsky, R. Glaser, Eds., Knowing
What Students Know: The Science and Design of Educational
Assessment (National Academy Press, Washington, DC, 2001).

15. A. Wilson, S. Howitt, P. Roberts, P., G. Åkerlind, K. Wilson,
Connecting expectations and experiences of students in a
research-immersive degree. Stud. High. Educ. 38, 1562 (2013).
doi: 10.1080/03075079.2011.633163

16. M. C. Linn, Designing computer learning environments for
engineering and computer science: The scaffolded knowledge
integration framework. J. Sci. Educ. Technol. 4, 103–126
(1995). doi: 10.1007/BF02214052

17. M. C. Linn, B.-S. Eylon, Science Learning and Instruction: Taking
Advantage of Technology to Promote Knowledge Integration
(Routledge, New York, 2011).

18. R. White, R. Gunstone, Probing Understanding (Falmer Press,
New York, 1992).

19. S. E. Ainsworth, in Current Perspectives on Cognition, Learning,
and Instruction: Recent Innovations in Educational Technology
That Facilitate Student Learning, D. Robinson, G. Schraw, Eds.
(Information Age Publishing, Charlotte, NC, 2008).

20. A. Collins, J. S. Brown, P. Duguid, Educ. Res. 18, 32 (1989).
21. L. C. Auchincloss et al., Assessment of course-based

undergraduate research experiences: A meeting report. CBE
Life Sci. Educ. 13, 29–40 (2014). doi: 10.1187/cbe.14-01-0004;
pmid: 24591501

22. M. K. Eagan Jr. et al., Making a difference in science education:
The impact of undergraduate research programs. Am. Educ.
Res. J. 50, 683–713 (2013). doi: 10.3102/0002831213482038;
pmid: 25190821

23. O. A. Adedokun et al., Effect of time on perceived gains from
an undergraduate research program. CBE Life Sci. Educ. 13,
139–148 (2014). doi: 10.1187/cbe.13-03-0045; pmid: 24591512

24. F. D. Carter, M. Mandell, K. I. Maton, The influence of
on-campus, academic year undergraduate research on STEM
PhD Outcomes: Evidence from the Meyerhoff Scholarship
Program. Educ. Eval. Policy Anal. 31, 441–462 (2009).
doi: 10.3102/0162373709348584; pmid: 21785521

25. M. Fechheimer, K. Webber, P. B. Kleiber, How well do
undergraduate research programs promote engagement and
success of students? CBE Life Sci. Educ. 10, 156–163 (2011).
doi: 10.1187/cbe.10-10-0130; pmid: 21633064

26. H. Thiry, S. L. Laursen, The role of student-advisor interactions
in apprenticing undergraduate researchers into a scientific
community of practice. J. Sci. Educ. Technol. 20, 771–784
(2011). doi: 10.1007/s10956-010-9271-2

27. H. Thiry, T. J. Weston, S. L. Laursen, A. B. Hunter, The benefits
of multi-year research experiences: Differences in novice and
experienced students’ reported gains from undergraduate
research. CBE Life Sci. Educ. 11, 260–272 (2012). doi: 10.1187/
cbe.11-11-0098; pmid: 22949423

28. National Academy of Sciences, National Academy of
Engineering, Institute of Medicine, Adviser, Teacher, Role Model,
Friend: On Being a Mentor to Students in Science and Engineering
(National Academies Press, Washington, DC, 1997).

29. R. Pawson, Mentoring Relationships: An Explanatory Review,
ESRC UK Centre for Evidence Based Policy and Practice
(Working Paper 21, 2004, www.kcl.ac.uk/sspp/departments/
politicaleconomy/research/cep/pubs/papers/paper-21.aspx).

30. A. Feldman, K. A. Divoll, A. Rogan-Klyve, Becoming
researchers: The participation of undergraduate and graduate
students in scientific research groups. Sci. Educ. 97, 218–243
(2013). doi: 10.1002/sce.21051

31. C. Strawn, D. Livelybrooks, J. Coll. Sci. Teach. 41, 47 (2012).
32. J. Schwartz, Faculty as undergraduate research mentors for

students of color: Taking into account the costs. Sci. Educ. 96,
527–542 (2012). doi: 10.1002/sce.21004

33. O. A. Adedokun et al., J. Coll. Sci. Teach. 42, 82 (2012).
34. P. R. Hernandez, W. P. Schultz, M. Estrada, A. Woodcock,

R. C. Chance, Sustaining optimal motivation: A longitudinal
analysis of interventions to broaden participation of
underrepresented students in STEM. J. Educ. Psychol. 105,
89–107 (2013). doi: 10.1037/a0029691

35. A. J. Prunuske, J. Wilson, M. Walls, B. Clarke, Experiences of
mentors training underrepresented undergraduates in the
research laboratory. CBE Life Sci. Educ. 12, 403–409 (2013).
doi: 10.1187/cbe.13-02-0043; pmid: 24006389

36. R. Taraban, E. Logue, Academic factors that affect
undergraduate research experiences. J. Educ. Psychol. 104,
499–514 (2012). doi: 10.1037/a0026851

37. H. Thiry, S. L. Laursen, A.-B. Hunter, What experiences help
students become scientists?: A comparative study of research
and other sources of personal and professional gains for
STEM undergraduates. J. Higher Educ. 82, 357–388 (2011).
doi: 10.1353/jhe.2011.0023

38. B. W.-L. Packard, Mentoring and retention in college science:
Reflections on the sophomore year. J. Coll. Stud. Retention Res.
Theory Pract. 6, 289–300 (2004-2005). doi: 10.2190/
RUKP-XGVY-8LG0-75VH

39. M. J. Chang, J. Sharkness, S. Hurtado, C. B. Newman, What
matters in college for retaining aspiring scientists and engineers
from underrepresented racial groups. J. Res. Sci. Teach. 51,
555–580 (2014). doi: 10.1002/tea.21146

40. L. L. Espinosa, Harv. Educ. Rev. 81, 209 (2011).
41. B. Junge, C. Quiñones, J. Kakietek, D. Teodorescu,

P. Marsteller, Promoting undergraduate interest, preparedness,
and professional pursuit in the sciences: An outcomes
evaluation of the SURE program at Emory University. CBE Life
Sci. Educ. 9, 119–132 (2010). doi: 10.1187/cbe.09-08-0057;
pmid: 20516357

SCIENCE sciencemag.org 6 FEBRUARY 2015 • VOL 347 ISSUE 6222 1261757-5

RESEARCH | REVIEW

http://dx.doi.org/10.1126/science.1240487
http://www.ncbi.nlm.nih.gov/pubmed/24072909
http://dx.doi.org/10.1002/tea.20326
http://dx.doi.org/10.1187/cbe.13-09-0192
http://dx.doi.org/10.1187/cbe.12-03-0026
http://www.ncbi.nlm.nih.gov/pubmed/23222832
http://dx.doi.org/10.1126/science.1183944
http://dx.doi.org/10.1187/cbe.13-12-0239
http://dx.doi.org/10.1007/s11165-011-9235-4
http://dx.doi.org/10.1039/c1rp90008k
http://dx.doi.org/10.1080/03075079.2011.633163
http://dx.doi.org/10.1007/BF02214052
http://dx.doi.org/10.1187/cbe.14-01-0004
http://www.ncbi.nlm.nih.gov/pubmed/24591501
http://dx.doi.org/10.3102/0002831213482038
http://www.ncbi.nlm.nih.gov/pubmed/25190821
http://dx.doi.org/10.1187/cbe.13-03-0045
http://www.ncbi.nlm.nih.gov/pubmed/24591512
http://dx.doi.org/10.3102/0162373709348584
http://www.ncbi.nlm.nih.gov/pubmed/21785521
http://dx.doi.org/10.1187/cbe.10-10-0130
http://www.ncbi.nlm.nih.gov/pubmed/21633064
http://dx.doi.org/10.1007/s10956-010-9271-2
http://dx.doi.org/10.1187/cbe.11-11-0098
http://dx.doi.org/10.1187/cbe.11-11-0098
http://www.ncbi.nlm.nih.gov/pubmed/22949423
http://www.kcl.ac.uk/sspp/departments/politicaleconomy/research/cep/pubs/papers/paper-21.aspx
http://www.kcl.ac.uk/sspp/departments/politicaleconomy/research/cep/pubs/papers/paper-21.aspx
http://dx.doi.org/10.1002/sce.21051
http://dx.doi.org/10.1002/sce.21004
http://dx.doi.org/10.1037/a0029691
http://dx.doi.org/10.1187/cbe.13-02-0043
http://www.ncbi.nlm.nih.gov/pubmed/24006389
http://dx.doi.org/10.1037/a0026851
http://dx.doi.org/10.1353/jhe.2011.0023
http://dx.doi.org/10.2190/RUKP-XGVY-8LG0-75VH
http://dx.doi.org/10.2190/RUKP-XGVY-8LG0-75VH
http://dx.doi.org/10.1002/tea.21146
http://dx.doi.org/10.1187/cbe.09-08-0057
http://www.ncbi.nlm.nih.gov/pubmed/20516357


42. P. W. Schultz et al., Educ. Eval. Policy Anal. 33, 95 (2011).
doi: 10.3102/0162373710392371

43. M. Harrison, D. Dunbar, L. Ratmansky, K. Boyd, D. Lopatto,
Classroom-based science research at the introductory level:
Changes in career choices and attitude. CBE Life Sci. Educ.
10, 279–286 (2011). doi: 10.1187/cbe.10-12-0151;
pmid: 21885824

44. M. L. Grunert, G. M. Bodner, Finding fulfillment: Women’s self-
efficacy beliefs and career choices in chemistry. Chem. Educ.
Res. Pract. 12, 420–426 (2011). doi: 10.1039/c1rp90050a

45. S. M. Ovink, B. D. Veazey, More than “getting us through:” A
case study in cultural capital enrichment of underrepresented
minority undergraduates. Res. Higher Educ. 52, 370–394
(2011). doi: 10.1007/s11162-010-9198-8

46. D. I. Hanauer, J. Frederick, B. Fotinakes, S. A. Strobel,
Linguistic analysis of project ownership for undergraduate
research experiences. CBE Life Sci. Educ. 11, 378–385 (2012).
doi: 10.1187/cbe.12-04-0043; pmid: 23222833

47. A. Khoukhi, A structured approach to honours undergraduate
research course, evaluation rubrics and assessment. J. Sci.
Educ. Technol. 22, 630–650 (2013). doi: 10.1007/
s10956-012-9419-3

48. D. Lopatto, Survey of Undergraduate Research Experiences
(SURE): First findings. Cell Biol. Educ. 3, 270–277 (2004).
doi: 10.1187/cbe.04-07-0045; pmid: 15592600

49. D. Lopatto, Undergraduate research experiences support
science career decisions and active learning. CBE Life Sci.
Educ. 6, 297–306 (2007). doi: 10.1187/cbe.07-06-0039;
pmid: 18056301

50. C. D. Shaffer et al., A course-based research experience:
How benefits change with increased investment in instructional
time. CBE Life Sci. Educ. 13, 111–130 (2014). doi: 10.1187/
cbe-13-08-0152; pmid: 24591510

51. G. A. Szteinberg, G. C. Weaver, Participants’ reflections two
and three years after an introductory chemistry course-
embedded research experience. Chem. Educ. Res. Pract. 14, 23
(2013). doi: 10.1039/c2rp20115a

52. S. Slovacek, J. Whittinghill, L. Flenoury, D. Wiseman, Promoting
minority success in the sciences: The minority opportunities in
research programs at CSULA. J. Res. Sci. Teach. 49, 199–217
(2012). doi: 10.1002/tea.20451

53. W. A. Sandoval, Understanding students’ practical
epistemologies and their influence on learning through inquiry.
Sci. Educ. 89, 634–656 (2005). doi: 10.1002/sce.20065

54. N. G. Lederman, F. Abd-El-Khalick, R. L. Bell, R. S. Schwartz, Views
of nature of science questionnaire: Toward valid and meaningful
assessment of learners’ conceptions of nature of science. J. Res.
Sci. Teach. 39, 497–521 (2002). doi: 10.1002/tea.10034

55. M. Ing, W. W. Fung, D. Kisailus, J. STEM Educ. Innovations Res.
14, 16 (2013).

56. E. L. Dolan, D. Johnson, Toward a holistic view of
undergraduate research experiences: An exploratory study of
impact on graduate/postdoctoral mentors. J. Sci. Educ. Technol.
18, 487–500 (2009). doi: 10.1007/s10956-009-9165-3

57. E. L. Dolan, D. Johnson, The undergraduate-postgraduate-
faculty triad: Unique functions and tensions associated with
undergraduate research experiences at research universities.
CBE Life Sci. Educ. 9, 543–553 (2010). doi: 10.1187/
cbe.10-03-0052; pmid: 21123701

58. O. A. Adedokun, A. B. Bessenbacher, L. C. Parker,
L. L. Kirkham, W. D. Burgess, Research skills and STEM
undergraduate research students’ aspirations for research
careers: Mediating effects of research self-efficacy.
J. Res. Sci. Teach. 50, 940–951 (2013). doi: 10.1002/tea.21102

59. C. Craney et al., Cross-discipline perceptions of the
undergraduate research experience. J. Higher Educ. 82, 92–113
(2011). doi: 10.1353/jhe.2011.0000

60. T. M. Edwards et al., Group-Advantaged Training of Research
(GATOR): A metamorphosis of mentorship. Bioscience 61,
301–311 (2011). doi: 10.1525/bio.2011.61.4.10

61. J. A. Harsh, A. V. Maltese, R. H. Tai, A perspective of
gender differences in chemistry and physics undergraduate
research experiences. J. Chem. Educ. 89, 1364–1370 (2012).
doi: 10.1021/ed200581m

62. J. A. Harsh, A. V. Maltese, R. H. Tai, J. Coll. Sci. Teach. 41, 84
(2011).

63. M. T. Jones, A. E. L. Barlow, M. Villarejo, Importance of
undergraduate research for minority persistence and
achievement in biology. J. Higher Educ. 81, 82 (2010).
doi: 10.1353/jhe.0.0082

64. J. John, J. Creighton, Researcher development: The impact of
undergraduate research opportunity programmes on students

in the UK. Stud. High. Educ. 36, 781–797 (2011). doi: 10.1080/
03075071003777708

65. L. Laursen, E. Seymour, A. Hunter, Learning, teaching and
scholarship: Fundamental tensions of undergraduate research.
Change Magazine Higher Learning 44, 30–37 (2012).
doi: 10.1080/00091383.2012.655217

66. S. E. Brownell, M. J. Kloser, T. Fukami, R. Shavelson, J. Coll.
Sci. Teach. 41, 36 (2012).

67. J. Campisi, K. E. Finn, J. Coll. Sci. Teach. 40, 38 (2011).
68. G. A. Szteinberg, Long-Term Effects of Course-Embedded

Undergraduate Research: The CASPiE Longitudinal Study
(unpublished doctoral dissertation), Purdue University, Indiana (2012).

69. C. M. Kardash, O. V. Edwards, Thinking and behaving like
scientists: Perceptions of undergraduate science interns
and their faculty mentors. Instr. Sci. 40, 875–899 (2012).
doi: 10.1007/s11251-011-9195-0

70. J. M. Burnette 3rd, S. R. Wessler, Transposing from the
laboratory to the classroom to generate authentic research
experiences for undergraduates. Genetics 193, 367–375
(2013). doi: 10.1534/genetics.112.147355; pmid: 23172853

71. K. M. Eagan, J. Sharkness, S. Hurtado, C. M. Mosqueda,
M. J. Chang, Engaging undergraduates in science research: Not
just about faculty willingness. Res. Higher Educ. 52, 151–177
(2011). doi: 10.1007/s11162-010-9189-9

72. L. Behar-Horenstein, K. W. Roberts, A. C. Dix, Mentoring &
tutoring. Partnership in Learning 18, 269 (2010).

73. L. B. Pacifici, N. Thomson, J. Coll. Sci. Teach. 41, 54 (2011a).
74. L. B. Pacifici, N. Thomson, Undergraduate science research: A

comparison of influences and experiences between premed
and non-premed students. CBE Life Sci. Educ. 10, 199–208
(2011b). doi: 10.1187/cbe.11-01-0005; pmid: 21633068

ACKNOWLEDGMENTS

This material is based upon work supported by the National
Science Foundation under grant nos. DRL-1119670, DRL-0918743,
and DRL-0822388. Any opinions, findings, and conclusions or
recommendations expressed in this material are those of the
authors and do not necessarily reflect the views of the National
Science Foundation.

10.1126/science.1261757

1261757-6 6 FEBRUARY 2015 • VOL 347 ISSUE 6222 sciencemag.org SCIENCE

RESEARCH | REVIEW

http://dx.doi.org/10.3102/0162373710392371
http://dx.doi.org/10.1187/cbe.10-12-0151
http://www.ncbi.nlm.nih.gov/pubmed/21885824
http://dx.doi.org/10.1039/c1rp90050a
http://dx.doi.org/10.1007/s11162-010-9198-8
http://dx.doi.org/10.1187/cbe.12-04-0043
http://www.ncbi.nlm.nih.gov/pubmed/23222833
http://dx.doi.org/10.1007/s10956-012-9419-3
http://dx.doi.org/10.1007/s10956-012-9419-3
http://dx.doi.org/10.1187/cbe.04-07-0045
http://www.ncbi.nlm.nih.gov/pubmed/15592600
http://dx.doi.org/10.1187/cbe.07-06-0039
http://www.ncbi.nlm.nih.gov/pubmed/18056301
http://dx.doi.org/10.1187/cbe-13-08-0152
http://dx.doi.org/10.1187/cbe-13-08-0152
http://www.ncbi.nlm.nih.gov/pubmed/24591510
http://dx.doi.org/10.1039/c2rp20115a
http://dx.doi.org/10.1002/tea.20451
http://dx.doi.org/10.1002/sce.20065
http://dx.doi.org/10.1002/tea.10034
http://dx.doi.org/10.1007/s10956-009-9165-3
http://dx.doi.org/10.1187/cbe.10-03-0052
http://dx.doi.org/10.1187/cbe.10-03-0052
http://www.ncbi.nlm.nih.gov/pubmed/21123701
http://dx.doi.org/10.1002/tea.21102
http://dx.doi.org/10.1353/jhe.2011.0000
http://dx.doi.org/10.1525/bio.2011.61.4.10
http://dx.doi.org/10.1021/ed200581m
http://dx.doi.org/10.1353/jhe.0.0082
http://dx.doi.org/10.1080/03075071003777708
http://dx.doi.org/10.1080/03075071003777708
http://dx.doi.org/10.1080/00091383.2012.655217
http://dx.doi.org/10.1007/s11251-011-9195-0
http://dx.doi.org/10.1534/genetics.112.147355
http://www.ncbi.nlm.nih.gov/pubmed/23172853
http://dx.doi.org/10.1007/s11162-010-9189-9
http://dx.doi.org/10.1187/cbe.11-01-0005
http://www.ncbi.nlm.nih.gov/pubmed/21633068


DOI: 10.1126/science.1261757
, (2015);347 Science

 et al.Marcia C. Linn
Undergraduate research experiences: Impacts and opportunities

 This copy is for your personal, non-commercial use only.

 clicking here.colleagues, clients, or customers by 
, you can order high-quality copies for yourIf you wish to distribute this article to others

 
 here.following the guidelines 

 can be obtained byPermission to republish or repurpose articles or portions of articles

 
 ): February 17, 2015 www.sciencemag.org (this information is current as of

The following resources related to this article are available online at

 http://www.sciencemag.org/content/347/6222/1261757.full.html
version of this article at: 

including high-resolution figures, can be found in the onlineUpdated information and services, 

 http://www.sciencemag.org/content/347/6222/1261757.full.html#ref-list-1
, 22 of which can be accessed free:cites 63 articlesThis article 

 http://www.sciencemag.org/cgi/collection/education
Education

subject collections:This article appears in the following 

registered trademark of AAAS. 
 is aScience2015 by the American Association for the Advancement of Science; all rights reserved. The title 

CopyrightAmerican Association for the Advancement of Science, 1200 New York Avenue NW, Washington, DC 20005. 
(print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last week in December, by theScience 

 o
n 

F
eb

ru
ar

y 
18

, 2
01

5
w

w
w

.s
ci

en
ce

m
ag

.o
rg

D
ow

nl
oa

de
d 

fr
om

 

http://www.sciencemag.org/about/permissions.dtl
http://www.sciencemag.org/about/permissions.dtl
http://www.sciencemag.org/content/347/6222/1261757.full.html
http://www.sciencemag.org/content/347/6222/1261757.full.html#ref-list-1
http://www.sciencemag.org/cgi/collection/education
http://www.sciencemag.org/

