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D ut a group of lib-
eral arts college

presidents around the
table, as one founda-
tion did recently, and
the result is likely to
be a lively affirma-
tion of the impor-
tance of liberal learn-
ing in general and
science education in
particular. Give this
same group a pop
quiz on the principles
of science and math-
ematics, as the host
foundation did on
this occasion, and the

result is more problematic: almost no one passes.

This Policy Perspectives is about the gap be-
tween advocacy and understanding that has come
increasingly to describe the status of science, math-
ematics, and technical education in the United States.
Drawn from the deliberations of a national
roundtable convened by the Pew Science Program
in Undergraduate Education and composed of sci-
ence faculty, administrative leaders, foundation of-
ficers, and program directors, this Policy Perspec-
tives focuses on the capacity of the nation's colleges
and universities to meet the demand for citizen-
workers who possess a basic understanding of sci-
ence, mathematics, engineering, and technology:
the disciplines that collectively make up what we
term "science" in this essay. By "colleges and
universities" we mean the full range of higher edu-
cation institutionstwo-year and four-year, public
and privatethat offer instruction in the core scien-
tific disciplines as part of their curricula. Our focus

is on the quality of science education that all
students receive in their programs of undergraduate
studyincluding non-majors and those who
have traditionally been underrepresented in the fields
of science.

We began by asking how undergraduate teach-
ing and learning in science had changed over the
past decade. Were there identifiable improvements
to either curriculum or pedagogy? Had technology
made a difference? Was science, broadly defined,
more accessible than before? Had the level of ei-
ther scientific curiosity or literacy been raised?

Today, there is a broadly shared
consensus that students learn best
in a hands-on, inquiry-based
approach to scientific discovery
and there is a growing conviction
within the profession that science
curricula and pedagogy ought to
reflect this understanding.

Would today's college and university graduates
prove to be better informed and hence better able to
sort through the legal and policy issues that weave
themselves increasingly into scientific inquiry?

Not surprisingly, we spoke of promising starts
and remaining journcys, of wills in search of ways.
The good news is that a great deal more is now
known about the techniques that help science learn-
ing to occur. A decade ago, the conversations about
what needed to change in undergraduate science
education were likely to differ greatly from campus



to campus. Today, there is a broadly shared consen-
sus that students learn best in a hands-on, inquiry-
based approach to scientific discoveryand there
is a growing conviction within the profession that
science curricula and pedagogy ought to reflect this
understanding.

On many campuses, science education has been
transformed, even revolutionized, during the past
decade. Science faculty have designed and put into
practice instruction that is both better and more
inclusive. Much of the shared knowledge that guides
these efforts derives from a growing catalog of
projects supporting institutional innovation and fac-
ulty development. Through conferences, workshops,

The child's rhyme aptly characterizes
the current state of undergraduate
science education, taken as a whole:
"When it is good, it is very good.
When it is bad, it is horrid." If sub-
stantial progress has been made in
a host of settings, in too many other
departments or institutions there
remains a pressing need for action.

publications, and other activities, faculty from in-
stitutions throughout the nation have fostered and
disseminated best practices for the improvement of
science curriculum, pedagogy, and learning. Thou-
sands of new as well as substantially revised courses
and laboratory sessions have enhanced the educa-
tional experiences of literally tens of thousands of
students. Through journal articles, textbooks,
and conference presentations, the benefits of inter-
institutional collaboration have extended beyond
the clusters of institutions that have participated in
such programs.

"When it is bad . . 75

On many campuses, however, there remains a
sense of separation between what is and what could
be. If the mean level of undergraduate science
learning has increased during the past decade, this
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gain has been offset by an even larger increase in
the standard deviation. The child's rhyme aptly
characterizes the current state of undergraduate sci-
ence education, taken as a whole: "When it is good,
it is very good. When it is bad, it is horrid." If
substantial progress has been made in a host of
settings, in too many other departments or institu-
tions there remains a pressing need for action. The
challenge today is for science faculty, in partner-
ship with higher education administrators, to move
beyond the shared understanding of the issues gained
during the past decadeto take ownership of the
problems and work to solve them in their own terms.

The problem emerges not so much in the qual-
ity of majors as in those who enroll in science for
more general knowledge. There are too many el-
ementary and secondary school teachers who are
frightened by and even resentful of science as a
result of their undergraduate experiences; there is
too little practical understanding by college-edu-
cated parents of the importance of science in either
their own or their children's lives; and there are too
many college-educated policy makers who bring an
alarmingly insufficient understanding of science to
the pursuit of their own agendas.

In part, the problem reflects an earlier set of
precepts about the purpose of science education.
The traditional approach is to conceive of science
learning as a process that sifts from the masses of
students a select few deemed suitable for the rigors
of scientific inquiry. It is a process that resembles
what most science faculty remember from their own
experiences, beginning with the early identification
of gifted students before high school, continuing
with the acceleration of those students during grades
9 to 12, fostering in them the disciplined habits of
inquiry through their undergraduate majors, and
culminating in graduate study and the earning of a
Ph.D. Forgotten in this program of selective accel-
eration are most students for whom a basic knowl-
edge of science is principally a tool for citizenship,
for personal enlightenment, for introducing one's
own children to science, and for fulfilling employ-
ment. Forgotten as well are those students who will
become primary and secondary school teachers and,
as such, will be responsible for the general quality
of the science learning most students bring with
them to their undergraduate studies.
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The first college-level exposure to science that
an undergraduate receives is often in a large

lecture class. Whether taught by a junior or a senior
faculty member, the impression frequently given is
that the "real work" of science takes place well
beyond the purview of students in these classes.
Although it is widely recognized that an inquiry-
based approach to science increases the quality of
learning, introductory-level students are often not
given to understand what it means to be a scientist
at work. Introductory-level instruction frequently
gives rise to the image of a grim reaper: "Look to
your left, look to your rightone of you will not be
here next year." In campus roundtables that have
taken place throughout the country, science faculty
have at times openly acknowledged their tendency
to gear instruction to the top 20 percent of the
classto those students whose native ability and
persistence enable them to keep pace with the
professor's expectations. The fact that others are
falling behind and then dropping out is seen not as a
failure of pedagogy but as an upholding of stan-
dards. Many students come away from these lim-
ited experiences without seeing the relevance and
applicability of science to their liveswithout ap-
preciating the kinds of questions that science asks,
without understanding how a scientist gathers and
analyzes data or tests hypotheses in search of an-
swers that give meaning to life.

Del-ming the Goal
A decade ago, science departments feared they

faced a different kind of problem: that gifted young
people were turning (or being turned) from the study
of science and mathematics in such alarming num-
bers that a national shortage of research scientists
could result. In retrospect, that fear appears unwar-
ranted, given the number of science Ph.D.s unable
to find employment in their own or even related
fields. The late 1990s have shown that the need to
improve undergraduate science education has less
to do with replenishing the nation's stock of re-
search scientists than with providing future citizens
and workers a demonstrably stronger basic educa-
tion in science and mathematics.

The outcome we seek is not a lowering of ex-
pectations or a profusion of watered-down science
for non-science majors. What we do seek is a
reduction in the national deficit in scientific under-
standing, as manifested in the aversion to science
that many parents pass on to their K-12 children; in
the difficulty that the judicial system frequently
encounters in seating juries capable of rendering a
verdict on issues involving science and technology;
and in the decisions of policy officials who make
laws and regulations without concern for the issues
that a fuller understanding of science would help to
delineate. Even those who do not major in science
as undergraduates need to understand science as a
mode of asking questions, gathering evidence, and
forming hypotheses to account for observed phe-
nomena or behavior. There is a need to impart to
more young people the excitement and power that
result from considering complex phenomena through
the lens of scientific inquiry, and from understand-
ing the uncertainties that attend any attempt to for-
mulate the meaning of what is observed.

Why does such a small proportion of under-
graduates proceed beyond the minimum

amount of science required for graduation? The
likely answer from most science departments is that
the quality of education that students receive from
K-12 institutions is so inferior that one cannot ex-
pect more than a handful of those students to suc-
ceed. To ensure "quality out," departments argue,
they must have "quality in." From a broader stand-
point, however, these departments and their institu-
tions reap exactly what they sow with respect to K-

12 science education. Virtually nothing in the reward
structure for faculty or for departments recognizes
activities to enrich the state of science education in
K-12 schools, whether by taking seriously a
department's role in training future K-12 teachers
or by working with teachers in a local K-12 district.
Given the small but steady supply of the kinds of
students who naturally command the attention of
science faculty, there appears little reason to change
in ways that would make science education more
inclusive. And there appears abundant reason to
champion undergraduate science as the province of
"those who can"those whom an earlier epoch
termed the "best and brightest."

5
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We seek an alternative scenario, one that builds
on the successes of the past decade to expand the
scope of science education. We start with the propo-
sition that most science faculty well understand that
there is a problemindeed, they have concluded
that further description is largely self-defeating.
Faculty know that the challenges undergraduate
science education now faces are neither singular
nor simple. They also understand that change will
not be easy, that there is no single magic bullet to
solve the problem, and that simple exhortations to
change behavior will not likely recast communities
that have long been accustomed to considerable
autonomy.

The Context for Change
We believe that the current state of affairs pro-

vides a teachable moment for the improvement of
undergraduate science education. In the late 1990s,
there are both the will and the capacity among
faculty to make science more accessible, and hence
more important to the lives of students. The oppor-
tunities ahead derive in part from a paradox. On the
one hand, the public in general continues to believe
in the importance of science, as evidenced by the
continuing federal support of scientific research, by
the popular acceptance and utilization of scientific
discoveries, and by the amount of positive attention
the media pay to science and its applications. The
advocacy of science remains strong in many re-
spects, even if a deeper understanding of scientific
principles and basic technology eludes a growing
number of Americans. On the other hand, there is a
manifest restlessness on the part of faculty to make
science more accessible to students who seek a
general understanding of these subjects. It may be
that the willingness to change is motivated by the
evident restlessness of administrators, who hear stu-
dent complaints and watch the rate of attrition from
science courses. In some cases, the readiness to act
may be prompted by the prospect of reduced insti-
tutional support in the wake of enrollment declines,
though not all science departments face this sce-
nario in the near future. We believe, however, that a
majority of science faculty inherently want to do a
better job of teaching undergraduates. The progress
made during the past decade in the development of
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The progress made through the past
decade in the development of new
science curricula and alternative
pedagogies attests to the ability of
science faculty to recast their
educational goals and work to attain
them. A group that could achieve
this much in the past ten years can
achieve even more in the next.

new science curricula and alternative pedagogies
attests to the ability of science faculty to recast
their educational goals and work to attain them. A
group that could achieve this much in the past ten
years can achieve even more in the next.

We believe that a growing number of science
faculty, partly for their own purposes and partly
from the expectations that administrators exert, are
prepared to remake science education, affirming
once more their twin missions of advancing knowl-
edge and ensuring the general scientific compe-
tence of an educated citizenry. An equally compel-
ling change agent will be the general insistence of
legislators, board members, parents, and the public
that colleges and universities become more respon-
sive to the students they serve. Where once there
was a willingness to hand higher education a
curricular blank checktrusting institutions to
design educational programs in pursuit of the
public goodtoday there is less willingness to
credit colleges and universities with knowing what
is best for society. Continued public support for
science will depend on the ability of science pro-
grams to demonstrate that the service they provide
actively promotes societal well-being. "Service"
has now come to have a broader meaning, and
the training of future scientists cannot wholly
fill the conception of service that society seeks
from undergraduate science programs.

ncreasingly, colleges and universities find
themselves being asked how, when, in what

settings, and through which methods and media
their students learn best. There is also a growing
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recognition that institutions and their faculty will
no longer be the only ones at the table when the
answers to such questions are given. The question
being framed in the minds of employers, funders of
higher education, and the public in general is, "What
kinds of conversations need to happen outside the
classroom to bring about change inside the class-
room?" More than before, programs of science
must come to think of themselves as working in
partnership with forces both inside and outside of
their home institutions to develop learning programs
suited to a range of societal needs.

It is the kind of conundrum on which science
thrivesa problem with boundary conditions. Be-
cause they must inevitably shape the solution, those
conditions bear repeating.

Science cannot be made more accessible by
lowering expectations; indeed, there is some-
thing inherently tough-minded about under-
graduate science, requiring both a discipline
and a level of mathematical understanding
that too many undergraduates seek to avoid.

Colleges and universities must take more
direct responsibility for the quality of pre-
collegiate science instructionin part
through the building of effective partner-
ships with primary and secondary schools.

In Pursuit of an Action Agenda
The search for a set of solutions that conforms

to these constraints will necessarily begin with first
steps, practical and exploratory in nature and de-
pendent on the intuitions and good will of science
faculty for their success. In our own discussions,
we came to think of these initial triumphs as "ge-
nies": crisp, simple ideas that yield substantial
progress toward a desired result. One of the most
powerful genies from our own discussion stemmed
from the fact that the traditional reward system of.a
college or university often results in a department's
most experienced and capable teachers working only
with advanced-level students.

How can a dean or department chair work within
the system of rewards to make the teaching of intro-

ductory-level courses more appealing to all fac-
ulty? A simple answer is to assign such courses
greater weight in the fulfillment of individual teach-
ing responsibility. The chair of one science depart-
ment from our roundtable had successfully pro-
posed this approach to the department's membership,
with the result that department members at all stages
of their careers now seek to teach the introductory

What is required now are real
eventsinitiatives and programs
capable of changing the trajectory
that is making science less central to
an ever-increasing portion of college
graduates.

courses. An action of this sort certainly has budget-
ary implications. But it represents a concrete step
to align a department's reward structure more closely
with the goal of providing a quality introduction to
the academic fieldfor potential majors and for
those seeking a more general understanding. Such
an action captures the spirit of a geniea major
initiative, led by science faculty, requiring some
investment of institutional resources, to be sure
and promising a major payoff in terms of improving
science education for undergraduates.

We believe the recasting of science education
in America needs more such genies and fewer

top-down, comprehensive initiatives that are long
on diagnosis and experiment, short on demon-
strable results. What is required now are real
eventsinitiatives and programs capable of
changing the trajectory that is making science
less central to an ever-increasing portion of col-
lege graduates. What we require are initiatives
that honor the spirit of our genies:

Keep it simple.

Keep it practical.

Make sure science faculty are in the lead.

Policy Perspectives 5



o these first principles we have added three
axioms describing the change process itself:

Cultural, rather than structural, change is
the first prioritythe kind that yields
changed attitudes and hence new behaviors.

The key agent of change remains the aca-
demic department as the bridge that simul-
taneously links faculty to their disciplines
and to their institution's undergraduate cur-
riculum.

Ultimately, change will also require broad
coalitions and collaborations, involving, a
wide range of departments, institutions, aca-
demic disciplines, scholarly societies, and
funding agencies, both public and private.

In considering a renewed sense of
mission, science departments must
be willing to look beyond the
language and mindset of their own
disciplines, building partnerships
with departments in the humanities
and social sciences, which for many
of the same reasons are reconsid-
ering how to become more learning-
centered and more accountable for
achieving the learning outcomes they
have promised.

Our recommendations derive from these axi-
oms. Collectively, the recommendations stress the
need for facultyworking with administrators of
their home institutions, and with one another through
their departments and disciplinary societiesto de-
fine and achieve their shared expectations for sci-
ence education. We are certainly not the first to
identify the necessary levers of change; the 1963
report, entitled Science in the College Curriculum,
supported by the National Science Foundation, an-
ticipated most of the changes we find most salutary.
Thus, what we have in mind is purposeful action in
fulfillment of needs that many will find familiar. To
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underscore this point, we have included suggested
genies whenever appropriate.

1. Build a research base documenting what
works best in terms of making undergraduate sci-
ence education more accessible and connected.
Science requires first and foremost a culture of
theory and measurementan ability to specify what
success looks like in such a way that cause and
effect can be inferred. Much of the work demon-
strating the improvement to learning that results
from changes in curriculum and pedagogy has been
done. What remains is to bring this research to-
gether in a form and venue that science faculty can
acknowledge. To facilitate the drawing together of
pertinent findings, what may be required is a peri-
odic digest of important research on effective learn-
ing in particular disciplines. This function is one of
several that the disciplinary societies need to per-
form in greater degree than many do now. One
reason that many faculty find it hard to turn their
attention to making science more accessible to a
broad range of students is that faculty members
take their signals for behavior more often from their
disciplinary colleagues throughout the nation than
from their institutional colleagues. Given this fact,
professional societies can play an important role in
sending a new set of signals that can help to make
science more inclusive. Too often, pleas for the
reform of science education have been just that
rhetorical and hortatory rather than specific and
evidentiary. It is time to assemble and apply the
necessary tools that will make the measurement of
desired outcomes truly practical so that new initia-
tives and experiments can be evaluated in terms of
what improvements to science learning they are
most likely to yield.

2. Restate the mission of science departments
to stress the importance of educating a larger popu-
lation of citizen-graduates to develop a real grasp
of scienceincluding those groups that have tra-
ditionally been underrepresented in science. Such
restatements are a necessary prelude to the recast-
ing of departmental curricula and to the expectation
that those curricula will provide learning experi-
ences that are inviting and useful to students at both
the introductory and advanced levels. Ultimately,
such restatements ought to become the basis by
which science departments are held accountable for
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the outcomes of all students, not just those who
seek the scholarly lives of their faculty mentors. In
considering a renewed sense of mission, science
departments must be willing to look beyond the
language and mindset of their own disciplines, build-
ing partnerships with departments in the humanities
and social sciences, which for many of the same
reasons are reconsidering how to become more learn-
ing-centered and more accountable for achieving
the learning outcomes they have promised. A genie
that some science departments have undertaken and
many more might consider is to develop programs
of science across the curriculum, analogous to the
writing across the curriculum programs that cur-
rently exist in many institutions.

3. Develop strategies and means for estab-
lishing operating partnerships that link two-year
and four-year institutions. What mo often gets in
the way of a seamless joining of programs, stan-
dards, and aspirations is the habit of mind that
considers any science or mathematics courses taken
outside one's own curriculum as necessarily infe-
rior. Where there are well-established paths of
articulation between the two sectors, the obvious
answer becomes one of joint planning and shared
responsibility. And what works here can then be-
come the basis for a set of triangular partnerships
linking two- and four-year institutions with primary
and secondary schools.

4. Consider ways to foster an effective cul-
ture of teaching within departments. We repeat
the conviction developed in these pages ("Double
Agent," February 1996) that the academic de-
partment is the most important unit for bringing
about cultural change in a college or university.
Given that making undergraduate science more
accessible and connected requires departmental
goals that embrace well-specified learning outcomes,
the operative question becomes, "What kinds of
partnerships need to developwithin and among
departments, and between departments, administra-
tors, and society in generalto make our faculty
more effective teachers?"

Is it a matter of moving from teaching for cov-
erage to a kind of teaching that focuses more on
cognitive transfer? What will it take to transform
the teaching of undergraduate science from stand-
up delivery to an interaction that stresses inquiry

and discovery? Will it mean abandoning large lec-
ture formats that have endeared themselves to both
departments and to administrators because of their
evident low cost? Will it mean utilizing technology
in different ways, preparing new kinds of learning
materials, and abandoning survey textbooks that
are "a mile wide and an inch deep"?

For a department to embrace the mission of
teaching for understanding, it must willingly be
judged by the quality of learning its students ex-
hibit. The first step in a cultural transformation of a
department would be for its members to define the
discipline-based criteria of learning to which they
agree to be accountable. What combination of re-
wards and incentives would encourage that trans-
formation? Would an announcement that a
department's performance in achieving learning out-
comes will henceforth be a dominant factor in set-
ting the department's budget send the desired sig-
nal, or would it merely provoke a powerful "You
can't buy us!" counter-reaction? Would such in-
centives induce departments to establish benchmarks
by which they could measure the quantity as well as
quality of learning, for majors and for non-majors?

What about the department chair? What should
be his or her responsibility for creating self-reflec-
tive departments whose missions are centered on
helping students progress in journeys of understand-
ing? Department chairs are instrumental in creat-
ing the conditions that enable purposeful experi-
mentation to improve teaching. Chairs ought to have
the tools for encouraging members of a department,
either individually or in teams, to take on new tasks
in pursuit of more open and inclusive undergradu-
ate science experiences. Here the most obvious
genies, derived from the experience of several insti-
tutions, include ensuring that new courses are evalu-
ated differently from well-established ones; making
it more attractive for faculty to teach introductory-
level courses by assigning those courses greater
weight in the fulfillment of individual teaching re-
sponsibility; ensuring that there are regular depart-
mental forums for discussing teaching, course con-
tent, and processes; and ensuring that the department's
hiring process includes deliberate conversations with
prospective faculty about the importance the de-
partment places on effective teaching.

9
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One last question linking departmental cultures
and institutional incentives: How can a department
best foster a culture of teaching that brings many
more students "behind the bench"either by in-
volving undergraduates in research or, more gener-
ally, by making sure that students have opportuni-
ties to observe and participate in a faculty member's
own processes of scientific inquiry and discovery?

5. Make the quality of science instruction in
K-12 schools an explicit priority of undergraduate
science education. Only grudgingly have either
administrators or science faculty admitted that
among their primary functions is the training of
those who will become the next generation of K-12
techers. Rather than disparage the quality of sci-
ence instruction that their students have received
before matriculating in college, undergraduate sci-
ence programs need to accept their responsibility to
provide K-12 schools with teachers who can convey
the intellectual excitement of science to children in
their formative years.

How can a department best foster a
culture of teaching that brings many
more students "behind the bench"
either by involving undergraduates
in research or, more generally, by
making sure that students have
opportunities to observe and
participate in a faculty member's
own processes of scientific inquiry
and discovery?

A first step is to put aside the attitude that
considers K-12 teaching a loser's last resort; too
seldom do higher education faculty or administra-
tors give those preparing for the teaching profes-
sion the accolades they deserve as heroes. One way
of underscoring the importance of training future
teachers is to provide tangible recognition to de-
partments if a certain percentage of their majors or
minors take jobs as K-12 teachers within three years
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of graduation. In addition, science departments in
particular could render a service by designing cur-
ricula that actually prepare undergraduates for the
challenges they will face in introducing the prin-
ciples and content of science to a younger genera-
tionwhether in their roles as teachers of science
in K-12 schools or as parents. Too often, the cur-
riculum choice confronting potential teachersor
others not intending to pursue the majoris either
the hard-science core or a set of decidedly dumbed-
down courses intended for those seeking to fulfill
distribution requirements. Those designing science
courses for both majors and non-majors should re-
member that undergraduates will be the parents of a
future generation. The positive or negative impres-
sions of science carried away by today's students
will be instilled in tomorrow's.

6. Develop learning communities that extend
beyond the boundaries of individual departments
and campuses. No institution or department can
bring about reform single-handedly. Faculty know
instinctively that to depart very far from the norm
as it exists among other institutions is to be labeled
an anomaly by professional colleagues, scholarly
societies, accrediting agencies, and even students.
For this reason, any substantial recasting of under-
graduate science education requires a coordinated
effort among departments of many institutions.
There is neither time nor money enough for each
institution to solve de novo the same problems that
nearly all institutions face. Here we think the an-
swer is a new level of cooperation and collabora-
tion, a genuine sharing of experiences, insights,
successes (and failures), andno less important
resources and personnel. What is likely to emerge
are better solutions to the problems of measure-
ment, accelerated experimentation, and a commu-
nity of inquiry with broadly shared goals, stan-
dards, and expectations.

Science's professional societies have a continu-
ing role to play in strengthening the ties of collabo-
ration among departments of different institutions.
There is also a need for more institutions to engage
in the kind of inter-campus collaboration that has
resulted from such efforts as the Pew Science Pro-
gram, Project Kaleidoscope, and the targeted initia-
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tives in support of undergraduate science that have
become the special province of the Howard Hughes
Medical Instituteall of which have helped to fos-
ter shared approaches among institutions in the de-
velopment of undergraduate science curricula and
pedagogy.

7. Tell science's stories out of school. The
present moment is no time to be either shy about or
disdainful of public testimony. This story needs to
be toldto community groups, to K-12 teachers, to
parents and students, to the media, and to officials
who make the decisions regarding the funds that
flow to scientific research and teaching. Here pub-
lic relations do matter. To counter the foreboding
impression of science education that too often pre-
vails in the public mind requires both presentation
and strategy: the former to make science real, the
latter to create a citizenry that understands that its
own future depends on becoming not just comfort-
able but genuinely at home with science. These
actions can go a long way toward linking the advocacy
with the understanding of science; conveying broadly
the excitement and the benefits of scientific inquiry
must be part of any strategy to enhance the level of
scientific knowledge and capacity in society.

We believe there are numerous genies for in-
creasing the public understanding of science and its
importance to the well-being of society. Colleges

When new treatment regimens are
developed that offer proven cures
for debilitating illnesses, physicians
have a moral obligation to apply the
findings of medical research to their
own practices. The same sense of
obligation ought to motivate those of
us responsible for undergraduate
science instruction.

and universities might use the occasion of class
reunions to foster parenting-for-science workshops,
led by science faculty, to provide insights on how to
spark and sustain children's interest in science. The

National Council of Teachers of Mathematics, with
support from the National Science Foundation, has
been working to advance a "family math" program
with Parent-Teacher Associations nationwide, help-
ing parents to become informal teachers of math to
supplement the instruction their children receive
from classroom teachers; other science disciplines
could emulate such a program. Science museums
have a critical role to play in developing greater
understanding of science among K-12 students and
their parents, including those who may be economi-
cally or educationally disadvantaged. There is work
to be done to help representatives of the media
understand what are the right questions to ask about
science and science education. Another genie, which
the professional societies are well suited to bring
about, would be to develop or enhance venues such
as newsletters, policy statements, and conferences
to spread word of the progress made in taking up
the agenda of providing a more inclusive and, in that
sense, a better undergraduate science education.

A Professional Obligation
How will the nation know it is succeeding in

making science learning more broadly accessible
and connected? Actually, such a good-news sce-
nario is easy to envision:

a significant increase in the number of "sci-
ence-smart" people in positions of responsi-
bility and authority, in the arenas of
government and policy-making as well as in
the private sectors;

students who exhibit less aversion to sci-
ence in their K-12 and undergraduate years;

a steadily increasing stream of teachers into
K-12 systems who possess a firm grasp of
scientific principles;

more demonstrated science learning on the
part of undergraduates across the full spec-
trum of postsecondary institutions.

The fact that none of these goals admits readily
to measurement at present is itself a statement

about the priorities that have driven most under-
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graduate institutions and their science departments.
Defining a meaningful scale of calibration may be
the first step to achieving these outcomes. By what-
ever measure, we have come to see the achieving of
these goals as both societal imperative and profes-
sional obligation.

When new treatment regimens are developed
that offer proven cures for debilitating illnesses,
physicians have a moral obligation to apply the
findings of medical research to their own practices.
The same sense of obligation ought to motivate
those of us responsible for the scale, scope, and
quality of undergraduate science instruction. Sea-
soned denizens of the scientific community may
want to demur, arguing that the changes we have
envisioned are not easy to accomplish, that there is
as yet no proven body of data telling practitioners
what works best and no sense of reward commensu-
rate with the personal risk and frustration confront-
ing any individual reform effort. Bringing about
these changes, they will point out, means changing
habits and dispositions that are deeply ingrained.
Science faculty, after all, have experienced great
personal success as undergraduates in the style of
education they now help to perpetuate. Although they
remember themselves as being the norm, they were in
fact the best and brightest, and they will be reluctant to
change a system that served them so well.

However difficult the task ahead may be, we
believe that to persist in the future as in the

past means making access to science ever more
restrictive and, in that special sense, less of a soci-
etal good. We concluded our roundtable but not the
drafting of this essay before the full results were
known of the Third International Math and Science
Study (TIMSS)a broad comparison of schooling
and student achievement among some three dozen
nations. We too were dismayed that the perfor-
mance of American 8th- and 12th-graders had fallen
farther behind that of comparable students in most
of the countries with which the United States sees
itself in economic competition. But we were also
puzzled by the question raised by a number of ana-
lysts when reporting on the meaning of the TIMSS
results. How can a nation that leads the world in
economic growth and new job creation through the
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purposeful application of science and technology
lag so far behind in the creation of a scientifically
literate citizenry? Could it be that the former is, in
the end, not dependent on the latter?

We would like to posit a different answerone
that underlies the sense of urgency we have brought
to this essay. Part of the disconnect between eco-
nomic success and scientific learning reflects the
fact that this country has long been a net importer
of scientific talent from abroad. The United States
is a harvester of those school systems producing the
students who beat our own students on the TIMSS
exams. Part of the answer may lie in the fact that,
in the short run, business acumen and a paring back
of regulations had a greater impact on economic
growth than did the scientific literacy of young
workers. And it may be that things have in fact
gotten worse in our schoolsa price the nation will
have to pay farther down the road.

Whatever the answer, it is clear that personal
opportunity is increasingly linked to scien-

tific acumen: the very best jobs of the future will
go to those who are capable of complex abstrac-
tions and disciplined inquiry. The TIMSS results
foretell a future in which more and more American
young people are missing the boat. And if current
trends continue, these young people will not be
among those who are advantaged in an increasingly
advantage-driven society.

Thus, we come full circle: making undergradu-
ate science education both more inclusive and more
rigorous will determine the quality of life in the
United States for generations to come. Most of us
who practice and teach science know what needs to
be done. Most public agencies share our sense of
urgency. There is cause for guarded optimism that
the media will continue to view science as an im-
portant search for knowledge, rather than as yet
another subject for exploitation and sensationalism.
What is about to be tested is the profession's capac-
ity to make the necessary changes. What remains to
be seen, finally, is whether there are enough genies
out theresimple, practical steps, involving lots of
people and reasonable expectationsto accelerate
the process beyond its tentative beginnings.

12



The Pew Higher Education Roundtable is funded in part through the generosity of The Pew Charitable Trusts.
This issue of Policy Perspectives is sponsored by the Pew Science Program in Undergraduate Education.

The essay, "A Teachable Moment," is based on a national roundtable composed of science faculty, administrative
leaders, foundation officers, and program directors. The following individuals served as participants in that
discussion and helped to shape the resulting essay:

Edward F. Ahnert
President
Exxon Education Foundation

Mary M. Allen
Jean Glassock Professor of Biological

Sciences
Wellesley College

D. K. Baker
President Emeritus
Harvey Mudd College

Ellen Trout Bennett
Director, Earlham/Lilly Indiana

Initiative
Earlham College

Sylvia T. Bozeman
Professor of Mathematics
Spelman College

Sadie Bragg
Vice President for Academic Affairs
Borough of Manhattan Community

College
The City University of New York

Ellen C. Burbank
Program Officer, Education
The Pew Charitable Trusts

Alfredo G. de los Santos Jr.
Vice Chancellor of Student and

Educational Development
Maricopa Community Colleges

Russell Edgerton
Director, Education Program
The Pew Charitable Trusts

Robert M. Gavin, Jr.
President
Cranbrook Educational Community

Melvin D. George
President Emeritus
University of Missouri

Daniel L. Goroff
Mathematics Department and

Derek Bok Center for Teaching and
Learning

Harvard University

Neil Grabois
President
Colgate University

Jay B. Labov
Director, Division on

Postsecondary Policy and
Practice

Center for Science, Mathematics,
and Engineering Education

National Research Council

Aaron Lemonick
Professor of Physics, Emeritus
Dean of the Faculty, Emeritus
Princeton University

Paul C. Martin
John Hasbrouck van Vleck

Professor of Pure and Applied
Physics

Harvard University

Mary P. McPherson
Vice President
Andrew W. Mellon Foundation

David W. Mogk
Department of Earth Sciences
Montana State University

Jeanne L. Narum
Director, Project Kaleidescope
The Independent Colleges Office

Kathleen Parson
Academic Dean
Macalester College

R. Anderson Pew
Board Chairman
The Glenmede Corporation

R. Scott Pyron
Institutional Relations
Research Corporation Technologies

Brock Spencer
Kohnstamm Professor of Chemistry
Beloit College

James H. Stith
Director of Physics Programs
American Institute of Physics

13

Philip Stukus
Professor and Chair
Department of Biology
Denison University

James Swartz
Dean of the College and

Vice President for Academic
Affairs

Grinnell College

Yervant Terzian
James A. Weeks Professor of

Physical Sciences
Chair, Astronomy and Space

Sciences
Cornell University

Samuel Ward
Department Head
Molecular and Cellular Biology
University of Arizona

Robert F. Watson
Director, Division of

Undergraduate Education
National Science Foundation

Gene G. Wubbels
Professor of Chemistry
University of Nebraska at

Kearney

From the Pew Science
Program in Undergraduate
Education:

Joan S. Girgus

Gilda Paul

From the Pew Higher
Education Roundtable:

Ann J. Duffield

Gregory R. Wegner

Robert Zemsky

Policy Perspectives 11



ct,

2.15 0
0

Nor

B?

og3

Policy Perspectives is a publication of the Pew
Higher Education Roundtable and the Knight
Collaborative.

Robert Zemsky
Senior Editor

James F. Galbally, Jr.
Contributing Editor

Ann J. Duffield Joan S. Girgus
Director of Communications Contributing Editor

Gregory R. Wegner William F. Massy
Managing Editor Contributing Editor

Inquiries should be directed to Policy Perspectives,
Institute for Research on Higher Education, 4200 Pine Street,
5A, Philadelphia, PA 19104-4090, or call the Education Line,
1-800-437-9799. The Roundtable can also be reached by
e-mail at: pp-requests@irhe.upenn.edu
Visit our Web site at: www.irhe.upenn.edu/pp/pp-main.html

Copyright ©1998 by the Trustees of the
University of Pennsylvania. All rights reserved.

12 June 1998



U OF P IRHE ID:215-898-9876

9EP.16,1998 1:40pm ERIC HE.

SEP 18'98

U.S.DopartmentofEduoation
Office of Educational Research and Improvement (OERI)

National Library of Education (NLE)
Educational REEOLIICes Information Center (ERIC)

REPRODUCTION RELEASE
(Specific Document)

I. DOCUMENT IDENTIFICATION:

14:34 No.005 P.02

No.245 P.2/5

IC

-Ms: A Teachable Moment . Policy Perspectives . Volume 8, Number 1 , June 1998

Autholo Robert Zemsky . Senior Editor
CcrPcrateSource: PEW Science Program in Undergraduate Education

PEW Charitable Trusts Publication Date:
Jun 1998

REPRODUCTION RELEASE:
In order to disseminate ea widely es possinla dmely and alonificaritmaterials of Interest to the educational communIty, damned* ennouncad In themonthly ebstract journal of ths ERICsystem, Resources In Education (RIC),

are usually made available to user* In microfiche. reproduced Paper copy,
end electronic media, and sold throuoh the ERIC Oocumsnt Rsproduction

GeNIce (EOM Credit Is given lo the source of each document, and. If
repro:h./don release is wanted, one of the following neIket I. affixed to the deCumeht.

If pwmIsslon granted to reproduce and disseminatethe idantllisd document please CHECK ONE of the following three options and skin at the bottom
of the IThEb.

The sample teePer norm below be
arbed m en Leval 1 deoments

1

PERMIRON TO REPRODUCE AND
DISSEMINATE THIS MATERIAL HAS

BEEN GRANTED BY

TO THE EDUCATIONAL RaSoljRCE.13
INFORMATION CENTER (ERIC)

Level

Chia here for Leen I Mew,
iernmino nuirosudionan 5Pispip'eVenIri meresounroinerealo &owmoo 0,wmm Ampovomy,

Sign
hem-.
please

The Mole 411nrer Inane rmiews41 be
d In Una pA doeummo

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL IN

MICROFICHE. AND IN ELECTRONIC MEDIA
FOR ERIC COLLECTION SUBSCRIBERS ONLY,

HAS SEEN GRANTED BY

2.4

ser
TO TtIn goucATioNAL RESOURG es

INFORMATION CENTER (ERIC)

Live) 2A

wises/urn fort-0412A mine. , Denman; imsnetallori
fasesstininn In Mandan end in elutionre massIn Wttilvel Walton supsaiDeftnly

The simple audio, Shown anlø. willI
...51nd 100 sue Is soi:

PERMISSION TO REPRODUCE op
DISSEMINATE THIS MATERIAL IN

MICROFICHE ONLY HAS BOER GRANTED BY

2111

1
TO PIE EDUCATIONAL RESOURCES

INFORMATION CENTER (ERIC)

Check here for Level sp release, engin*
reptoneonon coo *eminent' In rvOthe only

Doeufflarn *in pretenea a %Own, Meese fenrelbatlen Penne,.Irparrennlon to menden Is crentc1, butt* keen atiatioll, Wagnsists eel tot proonled al LIMO

=1.I hereby grant to the Educational
Resources Information Center(ERIO) nonexclusive omission to reproduce end disseminate this document

as Wooled above. Reproductide
teem the ERIC miomfiche or elecfmnio meet by persons other thee EPIC employees and Its systemCCW11180ftle MOBS Psymission from the elsPOlOnt holder. Exception Is moos ror nenprofit reproduction by Movies end other asnrroo agencies

to sedgy infonnetion needs
*Fedi/MO/I I response to &cove Inquiries


