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Straight Talk AboutSTEMEducation

Gettingyourhandddirty is oneof mary keysto a successfulndegraduate
educationn the sciencesayghis panelof U.S .educators

SCIENTISTS FROM A VENERABLE WOMENG COLLEGE, AN ELITE
liberal artsCschool with a focus on science and engineering, and an
expandingurbanuniversity might seemto inhabit differentworlds.
But when Scienceinvited environmental scientist Stephanie Pfirman
of Barnard College in New York City, mathematician Daniel Goroff
of Harvey Mudd Collegein ClaremontCalifornia, andbiochemist
Michael Summers of the University of Maryland, Baltimore County
(UMBC), to participate in a roundtable discussion, the three dis-
tinguished educators had no trouble finding common ground in
describing their efforts to improve undergraduate science, technol-
ogy, engineering, and math (STEM) education. Hereisan excerpt of that
conversation. The full text is available online a www.sciencemag.org/
sciext/undergrad_educationOQ7. BEFFREY MERVIS

What are the challenges facing institutions trying to increase
participation in STEMields?

Summers: We have 12,000 students at UMBC, and there can be 300 or

400 students in a session of freshman chemistry. But when students
cometo college with an interest in science and take these big courses,

some of them get turned off very quickly. They haven®figured out

what it takesto excel at the college level, and it can be disheartening if

you come from a population that isn®well represented in the sciences
and you look around and see other students performing well.

WhatOshe freshmanexperiencelik e at HarveyMudd?

Goroff: All of our studentcomehereexpectingto do somethingn
aSTEMfield, andourcoreprogramaimsto preparehemto address
the big problems in the world. In addition, anything we can do to
erase the myth of alone genius as the exemplar of what it takes to
succeedn scienceandshav themthatsciencds donein connected
communitiegatherthanby someondoledaway in anoffice really
helpswith theretentionprodem.

Pfirman: For many liberal arts students, their only exposure is
through a science requirement. Unfortunately, these classes have

oftendumbeddown thescience.
At Barnard, there are first-year
seminars that had traditionally
been ofered ly the English and
humanitiegdepatments andwe
decided to offer one in the sci-
enceghatsneaksn thescience
alongwith therestof thesubject
matter After the classthe studentsepotedthey felt agreatercon-
nectionto scienceandsawv agreaterole for sciencan theirlives.

How hard is it to revise an intro course, and what are the

limiting factors?

Summers:Part of it is knowing whatto do. NSF[National Science
Foundation] and HHMI [Howard Hughes Medical Institute] have

funded pilot projectsthat are, in effect, experiments designed to modify

the curriculum, for example, to make biology more quantitative. What®
needed now are the datathat show the impact of these programs.

Pfirman: Faculty really want to be effective. [t@not just what content
isappropriate but also how to deliver it and how to assessit, so that you
can do a better job next time. E What would really help is away to
find out what®out there that has worked well. | wasjust looking for a
lab moduleto go with aunit on the ocean@rolein the carbon cycle. It
afairly basic concept. But | couldn®find anything on the Web.

What would you recommend for a faculty member who wants

to do something but doesn® know where to look?

Summers: When we decided that we wanted to try to retain more

students in chemistry, we looked at bridge programsN a summer

programfor incomingfreshmenNincludinghow to studyin groups.
Hal White atthe University of Delavarehasbeendoinggoodthings
with smallgroups.But thesehingscostmoney, andyou needteach-
ing assistantsSowe hadto goto theadministratiorto getmoney to

testthis experiment.But now thatwe®e doneit andputtheresults
ontheWeb, | would hopethatotherfaculty couldtake the dataand
shaw it to the deanandsay, OThiss whatworkedthere,and! think

we candothesamething hereO

Goroff: 1@ encouragdacultyto getinvolvedwith nationalgroups,
too. It doesn® make sense to reinvent the wheel, much less the flat
tire. Project Kaleidoscope [pkal.org] is a network of young faculty
whoaresharingdeas ProjectNext [maa.og] is anothesucheffort.
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Hying high. (Opposite page) Harvey Mudd studentstest carbon fiber polesand the output of LED lightsin a project for the Federal Aviation Administration. (Above, left)
Meyerhoff graduate fellows take a break from the lab for an outing to Harpers Ferry in West Mrginia. (4bove, right) Barnard® Maggie Chan colledis and characterizes

sediment samplesfrom the Hudson Rver bed near Manhattan.

UMBCis one of sevenl institutions that are trying to increase
retention rates among minority students and narrow the
achievemert gap. Howis that working?

Summers: Our president, Freeman Hrabowski, began with the
premise that there are alarge number of high-achieving minority
students, in particular African Americans, who are just not being
retainedbncethey entercollegeto studyscienceHe goesafterthem
in highschool He bringsthemto campuswith theirfamilies,andwe
statt talkingabouteaminga Ph.D degree.

Over the past 20 years, we@e graduated more than 500 students, a
large percentage of whom have gone on to get graduate degrees. E
And weQe tried to quantify the experiment with controls. We bring
about 200 students to campus and make about 100 offersN and these
are full scholarshipsN knowing that only about 50 will actudly join
the program. And before we make an offer, we
make parents sign awaiver that says even if
you turn us down, we want to be able to track
them. So now we have a database. It turns out
that if they go elsewhereN and these kids get
offers from Ivy League schools and every-
whereeselN they arehalf aslikely to graduate
with a science or math degree and more than
fivetimeslesslikely to go to graduate school.

Have you identified elements that make
a difference?
Summers: We haven®identified what hap-
pens to them on other campuses. But at
UMBC, the top thing is making sure that
they are academically successful in the
freshman courses. It starts with a summer
bridge, and it includes getting students
involved right away with research projects.
A lot of them have taken AP classes and
could place out of chemistry. But they take
thefreshmarcoursesanyway. And thekey is
doing well in those first courses. Because if
they aresuccessfulthentheresearctiaculty
areeagetto gettheminvolvedin theirlabs.

@ see the environment as
the liberal science field of
this century. It brings
together all the disciplines E
and gives students a link to
their own lives.O

NStephanie Pfirman,

Whatif they®e not successful?

Summers: There are counselors in their first semester who keep
track of every pop quiz and test that students take. If they have
problems, they are immediately paired up with other classmates
who aredoing well in aparticular subject. And we pay seniorsto be
mentors. We@ also call the parents, and there® a parentsCassocia-
tion that provides money and time. Thisisagroup effort.

People have accused the program of cherry picking by only
taking the most able students. What® your response?
Summers: We aretaking studentswho are most likely to succeed based
on high school performance. But we are only taking asmall fraction of
that pool Nl we get 2000 nominationsayear and about 800 applications
[for approximately 50 dots]. Soinaway, weare cherry-picking. But we
don®apologizeforit. And weonly takeasmall
percentage. People should be cherry-picking
inevery state.

Are environmental programs a good way
to attract studentsinto STEM fields?
Pfirman: | seetheervironmentastheliberal
science field of this century. It brings
together all the disciplines, and you have a
prodem-solvingfocusthat makesthemnat-
urally work together It alsogivesstudentsa
Barnard College jink to theirown lives.

How career-oriented are your students,
and how mudh should they be?

Pfirman: Wetry to givethemthe skillsthat will
alow themto be successful inanything they do,
whether they®e balancing a checkbook or
training to be an environmental economist.

Goroff: Nature doesn@® give us the great
problems of the world labeled as physics or
chemistry. So we want students to have that
broad background. But having an in-depth
experiencds useful,too.
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Even if students aren®thinking about careers, however, we need
to be paying more attention to them, because the opportunity coststo
gointo ascience career are much different than for someonein China
or India. We shouldn®be surprised if students are thinking about law
school or business school if we haven®paid attention to finding ways
of making ascience career fulfilling and rewardingN and | @n not just
talking about moneyN without first having to spend 10 years as a
graduate student and a postdoc.

How career-oriented are UMBC students, and does that push
them into or out of STEMields?

Summers. We have some students who have known since kindergarten
that they want to be amedical doctor, and that@fine. But in general, |
think we need to be careful about pushing studentsinto careers at too
early an age. | know from talking to some of my graduate studentsfrom
other countriesthat they aretested and channeled at avery early ageinto
either science or nonsciencetracks. | think it@good for studentsto have
the opportunity to get excited by a course or a
professor and have achanceto go into science.

Howwell areinstitutionsdoing in tracking
student achievement and what happensto
them after graduation?

summers: | don®know if there@any real track-
ing of our general population once they leave.
We certainly track those in our Meyerhoff
Scholars Program. We know where they arein
grad school and their postdocs and when they
apply for faculty jobs, because we want to
know if we are being successful.

I don®think we take the same scientific
approach to our teaching responsibilities as
wedo toour research. Inresearch, weareeval-
uated based on our performance. If we write
an NSF or NIH [National Institutes of Health]
grant, we have certain objectives, and our
peers look at those metrics when they judge
our proposals, and later onthey ask if we have
been successful. Well, amajor part of our job
is to teach and educate. | don®think it should be mandated from the
top. But | think we should approach teaching as we approach our sci-
ence and think about what®important. If we@e not retaining students
in our own areas, then we@®e not doing our jobs.

NMichael

Whatdoesaccourtability meanat Barnard?

Pfirman: One thing we do is track our magjors, and we invite them
backto talk abouttheir careersBut we haven@asledthemto reflect
onwhatwasit thatmadethemchooseapatticular careepath.Wedo
an exit survey when they leave Barnard, but | think that their per-
spectve acoupleof yearsoutwould bevery valuabe.

We@e dso trying to understand better what students are learning in
their classes. We@e working with the Consortium on High Achievement
and Success to understand why, for example, minority sudents might
come in with high SATs but then tend to underperform, especialy in
largeintroductory courses. Oneinteresting approach isto ask studentsto
come up with aflow chart or atimeline to depict what they are studying,
or to reflect on what they havelearned. We@e doing it in an environmen-
tal measurementsclass, in which studentstake samplesfrom the Hudson
River and andyze them, and it helps meto better evaluate their work.

OlfweOrenot retaining the
students that weOretraining,
then weOrein trouble.O

Summers, University of
Mar yland, Baltimore County

What can universities do to make teaching a more attractive
option for their STEMstudents?

Goroff: | runinto STEM students al the time at the best institutions
who are passionate about their subjects and who would loveto makea
career out of teaching. But they havetroublefiguring out what acareer
like that would look like. So | think we need to take some responsibil-
ity and think about how these labor marketswork and in particular the
type of communitiesthat exist to support that goal. In many countries,
being ateacher isavery honorable and community-based activity, and
teachers get together dl the time to improve their craft. But that hap-
pensvery littlein the United States, and that®too bad. There are some
programs, like Math for Americaor Teach for America, whereyou can
see that progression and see how to makeit acareer.

Is teaching seen as a successful outcome of the Meyerhoff
program, or isit more oriented toward research careers?
Summersi think thatthereis sometensiorthere We@ trying to get
ourstudentgo feelpassionataboutscience,
which involves doing experiments. We brag
aboutourstudentsvhogoto graduateschool
at Harvard. So if a student goes into the lab
and gets excited about doing research, will
they have that opportunity if they decide to
go into teaching? Probably not. They will
probably have huge teaching loads, and it@
notaglamorousor well-paid profession.

The clinic program at Harvey Mudd is a
good example of providing research
opportunities for undergraduates. How
doesit work?

Goroff: 1t@ a signature program that has
been going for more than 40 years, and it
alows students to partner with industry or a
federal lab or venture capitalistsN people
who have real problems that they need to
find an answer to. The importance of having
aclient like that really makes a big differ-
ence. E We®e even turned the programinto
aglobal activity, using videoconferencing and e-mail. It not only
gets them ready to work in ways that employers and graduate
schools appreciate, it also allows students who may not have the
highest grade point average to excel as part of ateam.

Howdo you make sure that they donObecomejust another pair
of hands?

Goroff: We give away theintellectualpropety rights,andwee not
trying to make money on this. We spenda lot of time working with
sponsors to pick problems that will work well for undergraduates,
and we explain that sometimes finding out the original idea didn®
work canbeatremendousivaluabe experienceNandatremendous
helpto thecompau, too.

There is continuing pressure on universities to eliminate
programs aimed at special populations on the grounds that
they discriminate against the majority population. Is that
having an impact on the programs that you run?

Summers: At UMBC, we have had to worry about that a little
bit. When the Meyerhoff program began, it was specifically for
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black males, and then women, and then minorities in general .
After the Banneker ruling [in 1994] shut down minority science
programs at the University of Maryland, we decided to open up
the program to all students who have an interest in diversity
issues in the sciences. E If awhite student qualifies, they have
to decideif they want to do all the outreach and activitiesthat are
part of the Meyerhoff programN such as serving astutorsto inner-
city minority students in the KB12 system and other monthly
activitiesN or if they would rather take ageneral merit scholarship
from the university. The program is now about 12% Caucasian
and 12% to 15% Asian.

What about at Barnard?

Pfirman: We are awomen®college, so opening it upto all our stu-
dents just means more women. But 1(n also working on a project
to advance women faculty, and one thing we®e discovered is that
programs to help women are also helpful for men. So we@e
opened up the programs to both men and women, although we
tend to get more women.

How do you extend a program that's existed for decades at one
institution to the hundreds or even thousands of schools that
might benefit from it?
Summers: Wee trying to do that with a program funded by NIH
and HHMI to increase retention rates among underrepresented
minorities. We®e had three meetings, hosted and attended by insti-
tutions that we felt were primed for changed. To participate, each
ingtitution first had to do a quantitative assessment of how women
and minorities are doing on their campuses. Theinformation wasn®
easy to get, and many said they were surprised at how poorly their
institutions were doing with
respect to the achievement of
minorities and women once they
saw the numbers. In January,
there will be another meeting for
the institutions to present the
outcomes of things that they
have put in place. E

We call this Qaking the show
on the road.OIf you go to atyp-
ical scientific meeting, there
might be 15,000 at the meeting.
But only about 30 would attend
asession on diversity. And they
are usually the same people.
After spending so much money for so many years trying to
increase the number of minority scientists and seeing the number
increase from maybe 1% to 2% in the sciences, federal agencies
know they have to do things differently. E They have been ableto
build campfires at some institutions, and the question now is how
do you fan the flames.

Pfirman: One critical need isto organize the resources and make
them accessible. Many of us realize that there are ways to
improve teaching, but it® hard to find that information. | know
how to find out what® happening with Arctic seaice, for exam-
ple, but | don®know how to find the resources | &n looking for in
the educational arena. We also need to engage the professional
societies. They have these big annual meetings, but it® hard to
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attract more than the usual suspects to sessions on diversity or
education. If there was some way they could elevate the issue,
that would be great.

Why isn’t there sufficient national leadership now, and what
can people do to make it happen?

Goroff: | think it® always fashionable in Washington to concen-
trate on the dollar signs and to think that if we just spend more
money, the leaders will appear and the programs will appear. But
if you look at what happened to NIH after the doubling of its
budgetN which was awonderful thing that is absolutely worthy of
our supportN what you see is agreat deal of this winner-take-all
kind of funding schemes and the same peopl e getting more grants.
|@ rather see us sending money to people who want to implement
some of these good ideas at their institution.

Summers: When we interview people for a position, some post-
docs tell us that their adviser has warned them not to get too
involved with undergraduates because they will end up spending
too much time on teaching, and that could ruin their career. Faculty
at most research institutions are evaluated on the basis of papers
published and presentations at meetings and service on review
panels. There® a teaching component, but it® not weighted the
same. And there® no component at all that addresses mentoring
studentsin your lab.

What one or two things would you like to see happen in the
next 5 to 10 years to improve undergraduate STEM education,
and how would you measure it?

Pfirman: | think it@critical within each of our institutions that we
have academic leaders on cam-
puswho understand the val ue of
science and math and what
resources can make a differ-
ence. If more science faculty
are willing to step up to those
leadership positions, that could
make a big difference. We also
need to think of our institutions
as learning communities and
get everybody involved in the
learning process.

“We [need] to erase
the myth of a lone
genius ... and show
[students] that
science is done

in connected
communities.”

—Daniel Goroff,

Harvey Mudd College .

Goroff: \We@®e mentioned com-

munity many times. And | think

that being part of something bigger than oneself isvery appealing.

If we can dispel the myth of the lone genius working on their own

and emphasize the social capital, that would be a step in the right

direction. A second contribution would be more data about learn-
ing and mentoring.

Summers: In science, sometimes making the big discovery means
beingintheright placein theright time. But when it comesto our own
disciplines and our students, we@®e all in the right place at the right
time to do something. When a minority student makes a C, rather
thanthinking, OThag®ood they®e doneall rightOwe could bring
themin andaskthem,OWly didn®you make aB? How canyou do
better?d¥ we not retainingthe studentghatwe@e training, then
we@ein troude.
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