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What | learned Iin 12 years In
Washington

It is critically important that science, and
scientists, achieve a much higher degree of
iInfluence, throughout both their nations and

the world.



In particular, we need much more of the
creativity, rationality, openness, and
tolerance that are inherent to science ---
what Indian Prime Minister Nehru called
a “scientific temper” -- for both the US
and all other nations



My favorite quote

The soclety of scientists Is simple because it has a

directing purpose: to explore the truth. Nevertheless,
It has to solve the problem of every society, which is
to find a compromise between the individual and the

group. It must encourage the single scientist to
Independent, and the body of scientists to be to

0[S
erant.

From these basic conditions, which form the prime

values, there follows step by step a range of va

dissent, freedom of thought and speech, justice
honor, human dignity and self respect.

ues.

Science has humanized our values. Men have
asked for freedom, justice and respect precisely as

the scientific spirit has spread among them.

Jacob BronowskKi,

Science and Human Values, 1956




T 0 generate a scientific termper for a nation,
we need good science education for all




What science should look like in school
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What 5 year olds can do

1) Put on clean white socks and walk around
school yard.

2) In class, collect all black specks stuck to socks
and try to classify them: which are seeds and
which are dirt?

3) Start by examining each speck with a 3 dollar,
plastic “microscope”.

4) End by planting both those specks believed to
be dirt and those believed to be seeds, thereby
testing their own idea that the regularly shaped
ones are seeds




The Vision

Imagine an education that includes solving
hundreds of such challenges over the course of the
13 years of schooling that lead to high school
graduation — challenges that increase in difficulty as the
children age.

| believe that children who are prepared for life In
this way would be great problem solvers in the
workplace, with the ablilities and the can-do attitude that
are needed to be competitive in the global economy.

Even more important, they will also be more
rational human beings — people who are able to make
wise judgments for their family, their community, and
their nation.



This vision for science education
precisely fits the needs for workforce
skills that have been widely expressed
by US business and industry



The skills needed to be successful
competitors in the modern world economy

A high capacity for abstract, conceptual thinking.

 The abllity to apply that capacity for abstract thought
to complex real-world problems—including problems
that involve the use of scientific and technical
knowledge—that are nonstandard, full of ambiguities,
and have more than one right answer.

* The capacity to function effectively in an environment
In which communication skills are vital — in work
groups

Ray Marshall and Marc Tucker,
Thinking for a Living, 2002



To remove a major barrier to progress,
science education at the college level
must change
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It iIs not enough to acquire knowledge about
what scientists have discovered about the
world:

Students must also learn to generate and evaluate
scientific evidence and explanations,

to understand the nature and development of scientific
knowledge,

and to participate productively in scientific practices
and discourse.



An iImportant barrier to progress

The traditional lecture format allows a
single professor to “batch process” many
hundreds of students through an
Introductory science class.

Can we create much better alternatives
without a great increase In cost?



Learning to use “clickers” at a summer workshop for teams
of Biology 1 teachers at University of Wisconsin

(Jo Handelsman and Bill Wood, co-organizers)
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How can Science magazine help to promote
the needed revolution in science education?



My current obsession

Using
science and
Science to
create more
coherence In o ScuEs
the field of ™"

education

Redefining Science Education

THERE 15 A MA]OR MISMATCH BETWEEN OPPORTUNITY AND ACTION IN MOST EDUCATION SYSTEMS
today. It revolves around what is meant by “science education,” a term that is incorrectly defined
in current usage. Rather than learning how to think scientifically, students are generally being
told about science and asked to remember facts. This disturbing situation must be corrected if
science education is to have any hope oftaking its proper place as an essential part of the educa-

tion of students everywhere.

Scientists may tend to blame others for the problem, but—strange as it may seem—we have
done more than anyone else to create it. Any objective analysis of a typical introductory science
course aught today in colleges and universities around the world, whether it be biology, chemistry,
physics, or earth sciences, would probably conclude that its purpose is to prepare students to
“know, use, and interpret scientific explanations of the natural world” (strongly emphasizing the

“know™). This is but one of four goals recommended for science aducaﬁon
by the distinguished committee of scientists and science education experts
convened by the U.S. National Academies that produced Taking Science to
School: Learning and Teaching Science in Grades K-8, And vet college
courses set the model for the teaching of science in earlier vears,

The three other goals of equal merit and importance are to prepare stu-
dents to generate and evaluate scientific evidence and explanations, to
understand the nature and development of scientific knowledge, and to
participate productively in scientific practices and discourse (summarized
i the Academies’ Ready, Set, Science!). Scientists would generally agree
that all four types of science understanding are critical not only to a good
science education but also to the basic education of everyone in the mod-
ern world. Why then do most science professors teach only the first one?

As the scientist and educator John A. Moore emphasized in his pro-
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2011 contest for bestinquiry lab modules for
Introductory college science

EDITORIAL I

A New College Science Prize

TO START THE NEW YEAR, SCIENCE IS PLEASED TO ANNOUMNCE THE "SCIENCE PRIZE FOR  Bruce Albertsis Editor-
Inquiry-Based Instruction™ to highlight outstanding “modules™ for teaching introductory col-  in-Chief of Science.
lege science courses that can readily spread to other settings and schools. Therefore, a unit can
neither be unusually expensive nor require highly specialized expertise. To be eligible, a mod-
ule must provide a coherent piece of coursework in a field such as biology, chemistry, physics,
orearth sciences and require 8 to 50 hours of student effort. It should also be free-standing: that
is, suitable for teaching as a discrete unit, independent of other modules in the course. How do
inquiry-based science modules differ from other science lessons, and why does Science care
enough about them to create a special prize?

Inquiry-based classes focus on activating students’ natural curiosity in exploring how the
world works, differing from traditional lectures that focus ontransmitting facts and principles
derived from what scientists have discovered. Inquiry-based teach-
ing is often associated with hands-on activities. But not all hands-on
activities involve inguiry. Consider the laboratory work that tradi-
ticnally accompanies an introductory college science course. As a
science major, [ spent three afternoons a week in such laboratories
throughout my first 2 college years. Most of us who later became
scientists recall these laboratories as tedious “cooking classes,”
where we learned to follow directions. True, we encountered various
pieces of scientific apparatus, such as measuring devices for weights
and liguids, and we learned how to keep a laboratory notebook.
But we gained neither any real understanding of the nature of sci-
ence nor experience in generating and evaluating scientific evidence




My next education editorial:

 To remove a major barrier to progress at
the precollege level, we need a specially
trained scientist in each major school
district to connect that district’s schools to
the wealth of available resources.



Specific challenge: can we create a training /
certification process to convert PhD scientists into
science curriculum specialists that school districts

would want to hire?

1) School districts need such an inside person with
“science In his/her soul” to connect them to the
enormous outside resources that exist to aid school
science, including coordinating the inputs from the
local scientific and engineering community.

2) Many talented science graduate students and
postdocs would be interested in such a career, Ifa
productive new pathway for entry could be

developed and promoted.



A final note: Scientists are
cooperating to catalyze a worldwide
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Academies Active in Education

SUSTAINABLE SOCIOECONOMIC AND CULTURAL DEVELOPMENT REQUIRES NATIONS WITH A

Jorge E. Allende is vice citizenry that understands science, shares its values, and uses scientific critical thinking. This can
president for research at  Destbe attained through science education that is based on inquiry, an approach that reproduces in
the University of Chile, the classroom the learning process of scientists: formulating questions, doing experiments, collect-
coordinator of the AP ing and comparing data, reaching conclusions, and extrapolating these findings fo more general
Science Education Pro- situations. The Program for International Student Assessment, an international organization of
gram, and aformerpres-  industrialized nations, measures the extent to which 15-year-olds can identify scientific issues,
ident of the Chilean explain phenomena scientifically, and use scientific evidence to draw conclusions. The results,
Academy of Sciences. made public earier this year (http://nces.ed. gov/surveys/pisa), reveal that all developing countries

and many industrial ones, including the United States, are failing to prepare their children ade-
quately for life in the modern world. Leading scientists of each nation, acting through theirnational
science academies, are working together to change this state of affairs.

In 1985, the U.5. National Academy of Sciences and the Smithsonian
Institution established the National Science Resources Center, an organiza-
tion that has helped to spread mquiry-based science education to neardy 20%
of U.S. school districts. About 10 years later, across the Adantic, the French
Acadenty of Sciences engaged France s Ministry of Education withits “La







