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Transforming Laboratory Education
in the Life Sciences
A scalable framework for designing authentic undergraduate research
experience-based courses benefits both students and faculty

Erin R. Sanders, Jordan Moberg-Parker, Ann M. Hirsch, Pei Yun Lee,
Casey Shapiro, Shannon Toma, and Marc Levis-Fitzgerald

Throughout college, students encounter experi-
ences that influence their decisions to continue or
leave their intended science, technology, engi-
neering, and math (STEM) majors. All STEM
faculty share in a responsibility to encourage un-
dergraduates to persist in these studies. Evidence
continues to support active learning as an equita-
ble teaching practice that benefıts diverse student
populations, including women and underrepre-
sented minority students most at risk for leaving
STEM. The hope is that more STEM instructors
will move away from the traditional lecture for-
mat as the primary mode of teaching undergrad-
uates and that institutional leaders will reward
those faculty who use inclusive, student-centered
teaching practices effectively.

Also deserving reexamination are the ways in
which laboratory instruction is being delivered to
college students. As with alternatives to conven-
tional lectures, student-centered teaching strate-
gies can be tailored to undergraduate laboratory
courses. For instance, inquiry-based learning ex-
periences, when incorporated into undergradu-
ate instructional laboratories, can help students
apply the process of science by posing questions
that require students to engage in scientifıc explo-
rations of their natural world and that challenge
their conceptions of scientifıc phenomena. This
approach also better prepares students to tackle
interdisciplinary problems that mirror those they
will encounter outside universities and colleges.

One particular approach to inquiry—an au-
thentic research experience—plays a critical role
in capturing the imagination of undergraduate
students. By sustaining their interest in science,
students are more likely to complete degrees in
their intended STEM majors. The positive out-
comes associated with research engagement are

prompting others to explore ways by which to
scale this inquiry-based learning strategy to en-
tire undergraduate classes. These course-based
undergraduate research experiences, or CUREs,
can be devised to support the participation of
diverse groups of students, including directly ad-
mitted and transfer students as well as students
with limited time for activities due to off-campus
employment or housing that necessitates com-
muting long distances. Altogether, CUREs em-
body an inclusive teaching approach that helps to
keep students on track for completing bachelor
degrees in STEM majors.

Creating a Framework for
Undergraduate Research Participation

In 2010, the University of California, Los Angeles
(UCLA) implemented the competency-based re-
search laboratory curriculum (CRLC), a framework
that enables large numbers of upper-division un-
dergraduate students pursuing a life sciences ma-
jor to experience authentic research. After com-

SUMMARY

➤ Course-based undergraduate research experiences (CUREs) and apprentice-
based research experiences (AREs) represent inclusive, student-centered
instructional strategies that can improve student learning and help to keep
them on a scientific career pathway.

➤ Using backwards course design ensures that educators and faculty align
research activities with the learning outcomes and that selected assess-
ments provide adequate evidence of student achievements, visualized via
curriculum mapping.

➤ Rubrics are suitable assessment tools for measuring how students perform
in these research-based laboratory courses.

➤ Faculty benefit from teaching CUREs and mentoring students in AREs in
ways that enhance both their teaching portfolios and research productivity.
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pleting requisite lower-division core courses,
students fulfıll departmental major laboratory re-
quirements by following one of two paths. Path 1
engages students in CUREs as a laboratory op-
tion, while path 2 embraces apprentice-based re-
search experiences, or AREs (Fig. 1).

These two laboratory options offer third- and
fourth-year life sciences students comparable re-
search experiences that account for varied levels
of academic preparedness, confıdence and profı-
ciency in laboratory skills, and commitment to or
interest in research. Both paths support student
learning as well as the development of skills and
abilities that align with desired learning outcomes.
Development of this program relied on a strategy
called backwards design.

Overview of the Competency-Based
Research Laboratory Curriculum

When entering the CRLC at UCLA, path 1 stu-
dents enroll in one of four 10-week laboratory

courses, termed Research Immersion Labs (Path
1, Course AL), followed by a second 10-week
course called Advanced Research Analysis & Re-
port (Path 1, Course BL). Throughout both
terms, students work together in teams to collect
data, analyze preliminary results, read and evalu-
ate items in the scientifıc literature, give oral pre-
sentations, and document their research discov-
eries and accomplishments. Each pair of path 1
AL and BL courses make up a CURE.

Among four options, each CURE focuses on a
different research project (Fig.1). Briefly, in the
microbiology CURE, students explore microbial
diversity in plant rhizospheres; in the plant-mi-
crobe ecology CURE, they examine the effects of
inoculating plants with bacteria from the rhizo-
sphere; in the virology CURE, they isolate bacte-
riophage, and characterize their genome compo-
sitions and structures; and in the cell and
molecular biology CURE, they investigate the ex-
pression patterns and evolutionary history of
genes in the sea urchin genome.

FIGURE 1

Competency-based research laboratory curriculum (CRLC) for Life Sciences majors. Course requirements for each path
are enclosed in separate gray boxes stemming from arrows labeled Path 1 and Path 2, in reference to the course-based
undergraduate research experiences (CUREs) and apprentice-based research experiences (AREs), respectively, described
in the text. Figure reproduced, with permission, from C. Shapiro et al., J. Microbiol. Biol. Educ. 16:186–197, 2015.
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Path 2 of the CRLC engages students in two
consecutive 10-week terms of independent re-
search, courses AR and BR. This path requires
their concurrent participation in sequential re-
search seminars, courses AS and BS, where stu-
dents read and discuss relevant scientifıc litera-
ture, as well as give presentations about their
individual research projects. Despite involving
more than 80 different path 2 faculty mentors
since its implementation in 2010, the CRLC
achieves consistency across AREs by having the
AS and BS seminars taught as a series with the
same instructors both terms.

Curriculum Design as an Intentional Practice

Backwards design involves three key stages: (1)
identify the desired results by formulating stu-
dent learning outcomes, (2) determine accept-
able evidence of learning to be collected and eval-
uated during the course, and (3) plan the learning

experiences to ensure students achieve the de-
sired results (Fig. 2). We employed this design
strategy in the development of the CRLC.

Common to the two paths in the laboratory
curriculum are 10 student learning outcomes
(SLOs). For instance, students completing the
CRLC are expected to develop problem-solving
skills associated with conducting experiments
(SLO 4 in Fig. 2). Research products and embed-
ded course assignments were identifıed for each
SLO and evaluated to determine the extent to
which students achieved the desired learning out-
comes. For SLO 4, laboratory notebooks were
collected and subjected to assessment for evi-
dence of learning.

CRLC faculty subsequently designed research
and learning activities to support students in
their development of the knowledge, skills, and
abilities reflected in the SLOs. In the case of SLO
4, faculty asked students to use decision trees to
rationalize unexpected experimental results and

FIGURE 2

Backwards course design applied to the CRLC. Example starts with 1 of the 10 SLOs articulated for the CRLC
during its development. Laboratory notebooks were identified as one source of evidence subject to
assessment via rubrics. Decision trees were incorporated into experimental protocols as a project activity to
facilitate student achievement of the specified learning outcome. (Adapted from Wood, W., Annu. Rev. Cell
Dev. Biol. 25:93–112, 2009.)
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to troubleshoot and repeat failed experiments.
These activities were logged and explained in
their laboratory notebooks. Alignment of learn-
ing outcomes, assessments, and CRLC project
activities was all part of this backwards design
process.

Making Performance Standards
Explicit Using Rubrics

The CRLC learning outcomes require students to
exercise lower- and higher-order cognitive skills
(LOCS or HOCS, respectively), as defıned by
Bloom’s Taxonomy. This hierarchy comprises six
levels, with each level connected to action verbs
that are appropriate for learning at that level.
More importantly, the verbs describe a type of
competency or conceptual understanding that
can be directly measured by evaluating embed-
ded course assignments and research products.

Research-based laboratory investigations en-
list benchmarks of student progress not readily
captured by, say, multiple-choice exams. Thus,
CRLC student performance standards are formu-
lated using rubrics— evaluation tools that scale
levels of ability and conceptual profıciency. One
set of such rubrics was generated by using action
verbs to describe what CRLC students are ex-
pected to do on an assignment shared by CURE
and ARE students. These rubrics were then used
to evaluate and compare student learning in each
path.

The analysis suggests that course-based re-
search experiences gradually reduce the achieve-
ment gap between high-performing ARE stu-
dents and their peers in CUREs. We might not
have recognized this result had we relied entirely
on self-reported data generated through surveys.
Furthermore, we could not readily compare
CUREs to AREs without having shared student
learning outcomes (SLOs) for all our student par-
ticipants.

Our rubric creation process involve categoriz-
ing items as LOCS or HOCS, and, when fıner
distinctions are preferred, at one of the six levels
of Bloom’s Taxonomy. Rubric items, in turn, can
be translated into a list of learning objectives,
which serve as explicit statements about the per-
formance expectations of a “successful student”
who engages in a particular research or learning
activity. Learning objectives represent measur-
able instructional goals that are not as broad

as student learning outcomes (SLOs). A list of
learning objectives can be given to students to
guide them in building skillsets while making
explicit the performance criteria, which they are
expected to meet on a given assignment or re-
search product.

Plotting the learning objectives for various
project activities and course assignments over
time produces a visual representation of a CURE
learning experience (Fig. 3). This visualization,
referred to as a curriculum map, shows that suc-
cessful execution of the research projects by stu-
dents in all four CUREs of the CRLC requires
cognitive skills spanning the six levels of Bloom’s
Taxonomy. Curriculum maps are excellent tools
for promoting discussions among faculty about
how to align learning outcomes in ways that meet
program, departmental, and college accredita-
tion goals.

Research-Based Laboratory Courses
Engage Research Faculty

By integrating research into the undergraduate
curriculum, the CRLC benefıts a broad range of
students. Moreover, this approach benefıts fac-
ulty members, providing them with teaching and
mentoring opportunities that make them better
teachers and also can help with their own re-
search programs. For instance, several students
who studied under Ann Hirsch, a CRLC instruc-
tor, later joined her laboratory research group
and contributed to several peer-reviewed publi-
cations. “Becoming involved in a research-based
course helped me transform my teaching in ways
that clearly benefıted students, was much more
fun for me to teach, and even enhanced my re-
search portfolio,” she says.

Since UCLA implemented the CRLC in 2010,
many participating faculty mentors report in-
creases in productivity in their own research pro-
grams. Collectively, across more than 80 research
laboratories, faculty have published at least 65
peer-reviewed research articles with ARE stu-
dents as contributing authors. During this pe-
riod, hundreds of CURE students were coauthors
of Genbank submissions based on their analyses
of 16S rRNA gene sequences and bacteriophage
genomes as part of this program. Additionally, a
cohort of CURE students was acknowledged as
coauthors on a 2013 ASM Genome Announce-
ments report by Graham Hatfull of the University
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of Pittsburgh and his collaborators, and another
46 CURE students were cited as collaborators in
other reports, one in 2014 in the Journal of Virol-
ogy and another in 2015 in eLife.

Participating in the CRLC also led instructors
to develop and publish innovative instructional
materials and make other scholarly contributions
to STEM education research. They include fıve
video protocols describing laboratory techniques
common to several of our CUREs (four published
in the Journal of Visualized Experiments and one
recently submitted to MicrobeLibrary), an opin-
ion piece in Frontiers in Plant Science describing
the merits of CUREs that engage civic-minded-
ness among STEM undergraduates, a research
article in Biochemistry and Molecular Biology Ed-
ucation describing a peer-assisted learning strat-
egy used in one of the CUREs, and a research
article in the Journal of Microbiology and Biology

Education comparing the impact of CUREs and
AREs within the context of the CRLC.

Conclusion

More than 1,000 UCLA students participated in
the CRLC since 2010. Each year, this research-
based curriculum trains hundreds of diverse, tal-
ented, and ambitious undergraduates, many of
them headed for careers in science. Not only do
students gain from this program, but also the
faculty teaching and mentoring CRLC students
benefıt from this approach by leveraging the op-
portunity to balance, intertwine, and enhance
teaching effectiveness with increased research
productivity. Moreover, this framework for inte-
grating research into the life sciences curriculum
is scalable, providing large public research uni-

FIGURE 3

Applying Bloom’s Taxonomy to map evidence of student learning and research accomplishments across the
curriculum. Data points represent a subset of the learning objectives associated with various project activities and
course assignments (Evidence) in each of the four CUREs (see color detail in the key). Learning objectives were
classified according to the six levels of Bloom’s Taxonomy based on the intellectual operations students were asked
to perform. The first three levels (Remember, Understand, Apply) are considered lower-order cognitive skills (LOCS)
and the top three levels (Analyze, Evaluate, Create) higher-order cognitive skills (HOCS). For illustrative purposes,
the numerical score assigned to each Bloom’s level (1- Remember through 6- Create) was adjusted by !0.1 or 0.2
to permit visualization of the overlapping data points.
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versities a means for engaging undergraduates in
authentic scientifıc inquiry, thus increasing the
likelihood of those students persisting in STEM
majors, and, in turn, STEM careers.
Erin R. Sanders holds a joint appointment as an Assistant
Adjunct Professor in the Department of Microbiology,
Immunology and Molecular Genetics (MIMG), and is an
Academic Coordinator in the Department of Life Sciences Core
Education at the University of California, Los Angeles (UCLA).
She also serves as the Director of the UCLA Center for Education
Innovation and Learning in the Sciences. Jordan Moberg Parker
is a Lecturer and Academic Coordinator in the MIMG
Department at UCLA. Ann M. Hirsch, Professor in the
Department of Molecular, Cell and Developmental Biology
(MCDB), and Pei Yun Lee, Lecturer in the MCDB Department, are
faculty who teach courses in the CRLC. Casey Shapiro and
Shannon Toma are research analysts in the UCLA Center for
Educational Assessment (CEA) with degrees from the Graduate
School of Education & Information Studies at UCLA. Marc
Levis-Fitzgerald is Director of Survey Research in the UCLA Office
of Instructional Development, where he oversees CEA
curriculum assessment projects. This feature stems from
findings published in a recent JMBE article (Shapiro, C. et al., J.
Microbiol. Biol. Educ. 16: 186 –197, 2015). Please direct all
inquiries to corresponding author E. R. Sanders
(erins@microbio.ucla.edu).

Acknowledgments

We thank CRLC implementation committee
members Stephen Smale and Luisa Iruela-Arispe;
Path 2 syllabus committee members Hanna Mik-
kola, Jau Nian Chen, and Beth Lazazzera; faculty
who contributed signifıcantly to curriculum de-
velopment efforts including Path 1 instructors
Gaston Pfluegl and Todd Lorenz, and Path 2 in-
structors Stephen Smale, Daniel Cohn, Steven
Jacobsen, and Frank Laski. The CRLC was sup-
ported, in part, by a grant to UCLA from the
Howard Hughes Medical Institute through the
Precollege and Undergraduate Science Educa-
tion Program (HHMI Award No. 52006944),
through the National Science Foundation’s
Course, Curriculum and Laboratory Improve-
ment (CCLI) grant program (DUE Award No.
1022918), and by a grant from the UCLA Offıce
of Instructional Development (IIP#14 – 04). In-
stitutional support for the CRLC is provided by
the Division of Life Sciences in the UCLA College
of Letters and Science.

Suggested Reading

Allen, D., and K. Tanner. 2006. Rubrics: tools for making
learning goals and evaluation criteria explicit for
both teachers and learners. CBE-Life Sci. Educ. 5:197–
203.

Anderson, L. W., D. R. Krathwohl, P. W. Airasian, K. A.
Cruikshank, R. E. Mayer, P. R. Pintrich, J. Raths,
and M. C. Wittrock. 2001. A taxonomy for learning,
teaching, and assessing — a revision of Bloom’s tax-
onomy of educational objectives (abridged ed.). Addi-
son Wesley Longman, Inc., New York.

Corwin Auchincloss, L. C., S. L. Laursen, J. L.
Branchaw, K. Eagan, M. Graham, D. Hanauer, G.
Lawrie, C. M. McLinn, N. Pelaez, S. Rowland, M.
Towns, N. M. Trautmann, P. Varma-Nelson, T. J.
Weston, and E. L. Dolan. 2014. Assessment of course-
based undergraduate research experiences: a meeting
report. CBE-Life Sci. Educ. 13:29 – 40.

Crowe, A., C. Dirks, and M. P. Wenderoth. 2008. Biol-
ogy in Bloom: implementing Bloom’s Taxonomy to
enhance student learning in biology. CBE-Life Sci.
Educ. 7:368 –381.

Russell, S. H., M. P. Hancock, and J. McCullough. 2007.
Benefıts of undergraduate research experiences. Sci-
ence 316:548 –549.

Sanders, E. R., and J. H. Miller. 2010. I, microbiologist: a
discovery-based course in microbial ecology and mo-
lecular evolution. ASM Press, Washington, D.C.

Shapiro, C., J. Moberg-Parker, S. Toma, C. Ayon, H.
Zimmerman, E. A. Roth-Johnson, S. P. Hancock,
M. Levis-Fitzgerald, and E. R. Sanders. 2015.
Comparing the impact of course-based and appren-
tice-based research experiences in a life science lab-
oratory curriculum. J. Microbiol. Biol. Educ. 16:
186 –197.

Shortlidge, E. E., G. Bangera, and S. E. Brownell. 2015.
Faculty perspectives on developing and teaching
course-based undergraduate research experiences.
BioScience. Advance Access published December 9,
2015, doi:10.1093/biosci/biv167.

Uchiyama, K. P., and J. L. Radin. 2009. Curriculum
mapping in higher education: a vehicle for collabora-
tion. Innov. Higher Educ. 33:271–280.

Waldrop, M. M. 2015. The science of teaching science.
Nature 523:272–274.

Weaver, G. C., C. B. Russell, and D. J. Wink. 2008.
Inquiry-based and research-based laboratory pedago-
gies in undergraduate science. Nature Chem. Biol.
4:577–580.

Wiggins, G., and J. McTighe. 2005. Understanding by
design, 2nd ed. Association for Supervision and Cur-
riculum Development, Alexandria, Va.

FEATURE ARTICLE

74 • Microbe—Volume 11, Number 2, 2016




