
magine if music schools trained pianists to play with only
the right hand, leaving them on their own to figure out the
left hand’s responsibility. Ridiculous? Yes. But that is not
unlike the way research universities train scientists.

On the one hand, so to speak, research-university gradu-
ates excel at doing science, given their institutions’ focus on rigor,
intensity and high standards in the practice of scientific research; on
the other hand, they emerge largely untrained to teach science—to
the public, to students generally and even to the next generation in
their own fields—simply because graduate
programs pay little attention to teaching scien-
tists to teach.

The future scientist’s teacher training, such
as it is, is a casual and ad hoc affair with little
design in the process or passion in the delivery.
Some students serve as teaching assistants or
mentors for undergraduates; others don’t.
Some receive supervision while engaged in
teaching activities; others are left to learn—or
flounder—on their own. It is unimaginable
that students would complete the nation’s best
graduate science programs unable to deliver a
compelling research seminar, defend an experi-
mental design or write a scientific paper.
Likewise, we ought to require that our gradu-
ate students also know how to craft a lecture, design a pedagogically
sound learning exercise, successfully mentor an undergraduate stu-
dent and communicate science to broad audiences.

In short, as we train the next generation of scientists, we should
help students develop skills as educators—and expect that in that
pursuit they would aspire to the same levels of knowledge, creativity
and spirit of experimentation that we require of their research.

Whether they formally teach or not, scientists need to explain
and make science compelling to nonscientists—industrial man-
agers, government policymakers, patent examiners, the world. Every
researcher has a responsibility to share his or her results with the
public that supports the research and uses its products. With sound
instruction in the art of teaching, scientists will be much better
equipped to meet this responsibility. And those who enter the pro-
fessoriate, where teaching is an explicit job requirement, will do so
with skill and grace, having developed a theoretical framework
about learning, cognition and the objectives of science education as

well as a toolbox of teaching techniques to draw upon. Thus, strong
teaching skills strengthen a Ph.D. scientist’s career, whatever direc-
tion it may take.

Scaffolding for Growth
Some might say there is no spare time in graduate education—for
graduate students to master their discipline’s rapidly expanding
knowledge base is challenge enough. But training students to teach
will not add years to their degree programs. Just a single semester 

of learning and practicing teaching as part of
an intense, supportive and critical communi-
ty, can build ample scaffolding for a student’s
future growth as a teacher. And for graduate
students who are flagging or unfocused, suc-
cessful teaching may renew a love of science.
Their teaching can stimulate them to spend
more time in the lab, plan their work with
greater care and effectively direct the
resources available, including the undergrad-
uates they mentor.

Graduates of U.S. research universities
become faculty at both undergraduate educa-
tion institutions and research universities.
Thus, if their own mentors embrace the goal
of training graduate students in the art and

science of teaching, the effect will cascade through the higher-edu-
cation system. Such reform would improve the education of under-
graduates at all institutions of higher learning, leading to a citizenry
that not only has an enhanced sense of the power and limits of sci-
entific inquiry but can also profit from the intellectual and experi-
mental foundations of that inquiry. Programs by public and private
agencies, including the hhmi Professors Program, help stimulate
such important reforms.

We need to adjust our priorities and correct this historic imbal-
ance of learning how to practice science but not how to teach it. In
so doing, we will educate an entirely new generation of scientists
who offer improved classroom teaching and more accessible public
communication about science. That, in turn, will foster more
informed discussion about the myriad science-rich issues that are
unfolding before us at an ever-escalating pace, and wiser use of our
country’s resources, both material and human.

Research universities should raise a generation of future scientists
who, like pianists who play with both hands, practice their art with a
dynamic complement of skills, to the great benefit of society.

P E R S P E C T I V E

Jo Handelsman is an hhmi Professor at the University of Wisconsin–Madison.
Her research focuses on the structure, function and networks of microbial communities. H
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al classroom lab course (3). These opportu-
nities are challenging for instructors, but
teach students the essence of investigation.

How Universities Can Promote Change
Research universities should provide leader-
ship in the reform movement. Faculty and
administrators should collaborate to over-
come the barriers and to create an educa-
tional ethos that enables change. We need to
inform scientists about education research
and the instructional resources available to
them so that they can make informed choic-
es. We must admit that citing our most suc-
cessful students as evidence that our teach-
ing methods are effective is simply not sci-
entific. Instead, we need to apply innovative
metrics to assess the outcomes of teaching.
Controlled experiments and meta-analyses
that compare student achievement with var-
ious teaching strategies provide a com-
pelling basis for pedagogical choices (10),
but the need for assessment extends into
every classroom. Many tools to assess learn-
ing are available (3). Assessments of long-
term retention of knowledge, entrance into
graduate school, and employment and pro-
fessional success should be included as well.

Research universities should overhaul in-
troductory science courses for both science
majors and nonmajors using the principles
of scientific teaching. The vision should

originate from departments and be support-
ed by deans and other academic administra-
tors. Science departments should incorpo-
rate education about teaching and learning
into graduate training programs and should
integrate these initiatives into the education-
al environment and degree requirements.
This could include, for example, develop-
ment of peer-reviewed instructional materi-
als based on the student’s thesis research.
Funding agencies have a responsibility to
promote this strategy. National Institutes of
Health and the National Science Foundation
should, for example, require that graduate
students supported on training grants ac-
quire training in teaching methods, just as
the NIH has required training in ethics.

Universities need to provide venues for
experienced instructors to share best prac-
tices and effective teaching strategies. This
will be facilitated, in part, by forming edu-
cational research groups within science de-
partments. These groups might be nucleated
by hiring tenure-track faculty who special-
ize in education, as 47 physics departments
have done in the past 6 years. Other strate-
gies include incorporating sessions about
teaching into their seminar series, develop-
ing parallel series about teaching, or estab-
lishing instructional material “incubators”
where researchers incorporate research re-
sults into teaching materials with guidance
from experts in pedagogy. The incubators
would provide an innovative mechanism to
satisfy the “broader impact” mandate in re-
search projects funded by the NSF.

Universities should place greater em-
phasis on awareness of new teaching meth-
ods, perhaps ear-marking a portion of re-
search start-up packages to support atten-
dance of incoming instructors at education
workshops and meetings. Deans and de-
partment chairs at Michigan State Uni-
versity and University of Michigan have
found that this strategy sends a message to
all recruits that teaching is valued and it
helps with recruiting faculty who are com-
mitted to teaching.

Distinguished researchers engaged in ed-
ucation reforms should exhort faculty, staff,
and administrators to unite in education re-
form and should dispel the notion that ex-
cellence in teaching is incompatible with
first-rate research. Federal and private fund-
ing agencies have contributed to this goal
with programs such as the NSF’s Dis-
tinguished Teaching Scholar Award and the
Howard Hughes Medical Institute Pro-
fessors Program, which demonstrate that es-
teemed researchers can also be innovative
educators and bring prestige to teaching.

Universities and professional societies
need to create more vehicles for educating
faculty in effective teaching methods. For ex-
ample, the National Academies Summer

Institutes on Undergraduate Education, the
Council of Graduate Schools’ Preparing
Future Faculty program, the American
Society for Microbiology Conference for
Undergraduate Educators, and Workshops for
New Physics and Astronomy Faculty are steps
toward this goal (3).

Finally, the reward system must be aligned
with the need for reform. Tenure, sabbaticals,
awards, teaching responsibilities, and admin-
istrative support should be used to reinforce
those who are teaching with tested and suc-
cessful methods, learning new methods, or
introducing and analyzing new assessment
tools. This approach has succeeded at the
University of Wisconsin–Madison, which has
rewritten tenure guidelines to emphasize
teaching, granted sabbaticals based on teach-
ing goals, and required departments to dis-
tribute at least 20% of merit-based salary
raises based on teaching contributions (3).

If research universities marshal their col-
lective will to reform science education, the
impact could be far-reaching. We will send
nonscience majors into society knowing how
to ask and answer scientific questions and be
capable of confronting issues that require an-
alytical and scientific thinking. Our introduc-
tory courses will encourage more students to
become scientists. Our science majors will
engage in the process of science throughout
their college years and will retain and apply
the facts and concepts needed to be practicing
scientists. Our faculty will be experimental-
ists in their teaching, bringing the rigor of the
research lab to their classrooms and develop-
ing as teachers throughout their careers.
Classrooms will be redesigned to encourage
dialogue among students, and they will be
filled with collaborating students and teach-
ers. Students will see the allure of science and
feel the thrill of discovery, and a greater di-
versity of intellects will be attracted to careers
in science. The benefits will be an invigorat-
ed research enterprise fueled by a scientifi-
cally literate society.
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SCIENTIFIC TEACHING EXAMPLES

Group problem-solving in lecture

www.ibscore.org/courses.htm

http://yucca.uoregon.edu/wb/index.html 

http://mazur-www.harvard.edu/education/
educationmenu.php

Problem-based learning

www.udel.edu/pbl/

www.microbelibrary.org

www.ncsu.edu/per/scaleup.html

http://webphysics.iupui.edu/jitt/jitt.html

Case studies

www.bioquest.org/lifelines/

http://ublib.buffalo.edu/libraries/projects/
cases.case.html

http://brighamrad.harvard.edu/education/
online/tcd/tcd.html

Inquiry-based labs

www.plantpath.wisc.edu/fac/joh/bbtl.htm

www.bioquest.org/

http://biology.dbs.umt.edu/biol101/default.htm

http://campus.murraystate.edu/academic/
faculty/terry.derting/ccli/cclihomepage.html

Interactive computer learning

www.bioquest.org/

www.dnai.org

http://evangelion.mit.edu/802TEAL3D/

http://ctools.msu.edu/
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