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The importance of incorporating more teacher
wisdom into research and policy making.

Energizing education research

The critical role of science departments in
our universities




U.S. National Academy of Sciences
Charter (1863)

“The academy shall, whenever called upon
by any department of the government,
investigate, examine... and report upon any
subject of science or art ,... but the Academy
shall receive no compensation whatsoever
for any services to the government of the
United States”.




IHE NATIONAL ACADEMIES
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Institute of Medicine
National Research Council

Independent policy advice from the
National Academies

* More than 200 reports a year, 85 percent
requested by the US government

 Full text released to the press, and to the
public on our Website, when report is
delivered to government

» Two types of reports: most “science for
policy”, but many are “policy for science”
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US National Science Education Standards

» Guiding Principles
—Science is for all students

—Learning science requires active
engagement

—School _science_should reflect
professional science

—Improving science requires system-
wide reform

Child a Scientist

Achieving Scientific
Literacy for All

Booklet
for parents
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The good news

* Inquiry based science education
precisely fits the needs for workforce
skills that have been widely expressed
by business and industry




The skills needed to be successful
competitors in the modern world

economy
* A high capacity for abstract, conceptual thinking.

» The ability 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

Or, as you heard last night:

Our front-line production employees need to
be much more flexible: we want workers with
an intrinsic curiosity, inquisitive attitudes and
aptitudes, and a willingness to work in
interdisciplinary teams.

Leopoldo Rodriguez
May 11, 2003




The bad news

Inertia

How can we exploit the knowledge and
wisdom of teachers to improve education?

 Qur b_est science teachers ne_ed to have much
more influence on the education system.

 This influence is needed at every level: from
school districts, to states, to the national
government.

* How can we institutionalize such an_influen_ce,
as needed to create a continuously improving
education system?




NEW Teacher Advisory Council at the
National Academies

Designed to give a major voice for teachers in
the work of the National Academies.

Each member must be spending at least 50
percent time as a K-12 classroom teacher of
math, science, or technology.

First meetings held in 2002.

Can we also use this group to begin to
create an effective national voice for
teachers?




Why we are all here

Just as good science has commonly
accepted norms that apply globally,
good science education will have many
features that apply to each nation.

Therefore, we can help each other
succeed by sharing the best of our
curricula, and the lessons learned from
our work.

Three central features of the new
international effort to spread good
science education to every nation

« An emphasis on connecting institutions
representing a nation’s best scientists to the
effort to improve science education for children.

* A focus on providing all students with the
rational problem-solving skills of a scientist, by
engaging them actively in scientific inquiry.

Encouraging scientifically based, education
research that can guide the continuous
improvement of our education systems.




A major mission of the National Academies
Making a science out of education

* This means creating a much more
effective education research enterprise,
focusing on real classroom settings

» The goal is to use knowledge of what
does and does not improve student
learning, based on scientifically obtained
evidence, to create a continuously
improving education system at all levels
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How People Learn: some key points

Conceptual understanding is facilitated when
new knowledge is structured around major
concepts and principles

Students’ preconceptions must be engaged in
order to construct new understandings

Learners have different strategies, ability sets,
and learning styles for gaining comprehension

Learners’ motivation affects what is learned

The importance of getting the tests right

* It is much easier to test for knowledge of
science facts than it is to test for science
understanding; inexpensive tests designed to
hold teachers and schools “accountable” will
trivialize science teaching and drive most
students away from science.
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But there are big gaps in our knowledge




To create a continuously improving
education system, we badly need a
more focused and effective system of
education research

* Otherwise our nations’ schools will continue
to be driven by one simple “magic bullet”
solution after another, as new leaders seek a
quick fix.

It is critical that, as in science, we improve
education by accumulating a commonly
accepted body of knowledge based on
confirmable evidence.

What is good
research in
education?

Published 2002
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Scientific Research in Education (2002)

Designs for the Conduct of Scientific Research
in Education:

* What Is Happening?
—Estimates of population characteristics
—Descriptions of localized educational settings

* |s There a Systematic Effect?

—Causal relationships determined through
randomized field trials when feasible

* How or Why Is It Happening?

—Mechanisms and development of theories to
drive further research

Published 2003 _g'|7|\’;f’\'!'l-:(—.?|‘.f
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system leaders
interact closely
with researchers.
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Urgently needed: more research on
teaching science as inquiry in elementary
and middle school classrooms

A meaningful field trial of inquiry based
science education will require:

. An extensive program of on-going teacher
professional development

. Monitoring of the actual classroom teaching
by skilled investigators to assess delivery

3. A long term longitudinal study designed to
determine the effect of the delivered
curriculum on the students -- for example,
on their career and educational outcomes




One important issue:

Conducting meaningful random field trials on
some of the most important educational
challenges — those focused on the acquisition
of higher learning skills — will be expensive.

Delivering a educational curriculum is very
different than delivering a pill.

In addition, we need to create a consensus
about the validity of the output measures to be
used for each trial, if the results are to be
convincing for policymakers.

Can we work together to design an
international research project to facilitate
inquiry based science teaching?

» We would like research to guide us to the
most effective strategies for implementation
and teacher support.

* We need to accumulate convincing data on
the effects of this kind of science education on
long-term student outcomes.

* Findings that are consistent across different
nations would have a powerful effect.




Any large-scale change at lower levels
will require major changes in the
iIntroductory science courses at
colleges and universities

In particular, we need:

1). Inquiry-based teaching of science and
its relation to society, for all students

2). Inquiry-based, non-cookbook
laboratory experiences associated with
introductory science courses.

A new vision for
introductory
college science
courses

SCIENCE,
MATHEMATICS,
ENGINEERING,

AND
TECHNOLOGY
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The National Science Education
Standards, 1996

1. Science as core subject in every year of
school, starting in kindergarten.

2. Science for all.

3. Science as inquiry based learning, not
word definitions
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We are part of an international
movement of science academies

A focus on recruiting the best scientists
in each nation to support science
education for young people.

A focus on teaching science as inquiry,
rather than as fact memorization.

A focus on using scientifically based
research to create a continuously
improving education system.







A challenge for science professors in
colleges and universities

When we teach, how many of us have the
primary aim of giving students enough
exposure to scientific reasoning and scientific
culture to enable them to appreciate science as
a very special, evidence-based way of knowing

about the natural world?

And yet, without this appreciation, we have no
right to expect that our nations can continue to
prosper in a world that is becoming evermore
complicated due to the accelerating advances
in science and technology.

www.nationalacademies.org
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An unfortunate fact :

For both medicine and education, each
randomized field trial must be carefully
deS| ned and focused on one or more

¥ otheses derived from a large amount
of prior research.

We presently invest only about 0.1 percent of
the total K-12 education budget on education
research

This level of investment is vastly inadequate to
provide the intellectual basis for a system of
randomized field trials that could make a real
difference in our education system

Another unfortunate fact:

Conducting meaningful random field trials
on some of the most important
educational challenges — those focused
on the acquisition of higher learning skills
— will be very expensive.

Delivering a educational curriculum is very
different than delivering a pill

In addition, we need to create a
consensus about the validity of the output
measures to be used for each trial, if the
results are to have any traction




Values of Science

« Honesty

» Generosity

» Respect for evidence, with openness
to all ideas and opinions irrespective
of their source




The society 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 be
independent, and the body of scientists to be
tolerant. From these basic conditions, which
form the prime values, there follows step by step
a range of values: dissent, freedom of thought
and speech, justice, honor, human dignity and
self respect.

Jacob Bronowski

Scientific Research in Education (2002)

Important summary:

“In estimating the effects of programs, we urge the
expanded use of random assignment..We also urge
that randomized field trials be supplemented with
other methods, including in-depth qualitative
approaches that can provide additional sources of
evidence for supporting causal claims in complex
educational settings.”




The Bottom Lines:

1. Science for all

2. Science as inquiry based learning, not word
definitions

3. Science as core subject in every year of
school, starting in kindergarten

But who will do this research?




Postdoctoral students in US university
departments of science & engineering

» There are approximately 40,000 of these
postdocs in a holding pattern looking for
more permanent positions today.

Our survey of a sample suggests that about
a third of these talented individuals would
be willing to consider a career in secondary
education under the right conditions.

BUT: there is presently no obvious place for
these talented individuals to go to be
trained effectively for a productive career in
either education or education research.

“While most descriptions of necessary skills for
children do not list “learning to learn,” this
should be the capstone skill upon which all
others depend.

Memorized facts, which are the basis for
most testing done in schools today, are of little
use in the age in which information is doubling
every two or three years. We have expert
systems in computers and the Internet that can
provide the facts we need when we need them.
Our workforce needs to utilize facts to assist in
developing solutions to problems.”

Robert Galvin and Edward Bales,
Motorola, 1996




ATTRACTING
PhDs TO K-12
EDUCATION

A DEMONSTRATION PROGRAM

FOR SCIENCE, MATHEMATICS,
AND TECHNOLOGY

MATIONAL RESEARCH COUMNCIL




ENLARGING THE SCIENTIFIC COMMUNITY
AND ITS CONNECTIONS

Enlarged
@ scientific o e
N community

Scientists /

Science

Public Teachers

Science Scientist ublic
Journalists ;
Science

cte Science Journalists
Teachers etc.
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The pipeline that is needed from
university science departments

Other professions |l Research in universities

and industry

Ent_ering Bachelor’'s . master's Ph D.
Science

Students

Degree Degree . Degree

y

Many professions using science expertise

e Precollege teaching eCurriculum development
e Science journalism e Science policy e Government




Scientific Research in Education (2002)

Summary at end of Chapter 5:

“In estimating the effects of programs, we urge the
expanded use of random assignment..We also urge
that randomized field trials be supplemented with
other methods, including in-depth qualitative
approaches that can provide additional sources of
evidence for supporting causal claims in complex
educational settings.”
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The advantage of “academy-type”
organizations

* Permanent organizations governed by
members.

* Merit-based selection of all new members
based on peer evaluations; therefore
represent the best of science and
engineering.

- Self-renewing membership, free from
political interference.
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The formation of a mutual-help organization
of the world’s science academies

- Began with a 1993 meeting of 70
academies in New Delhi to give a voice
for science at the 1994 Cairo UN meeting
on population issues.

* Led to the formation of the
InterAcademy Panel on International
Issues (the IAP), now with its
Secretariat in Trieste.




Regional
Academies:

* Africa

* Asia

® Caribbean

® Latin
America (

* Third World '@ -

COUNTRIES REPRESENTED ON )
THE INTERACADEMY PANEL L
(IAP) IN 2003

The support of science by the InterAcademy
Panel

* Helping the academies in each nation
develop a larger role in their own
societies, including becoming a
respected advisor to their own

governments.

* Sharing information and resources to
strengthen world science (e.qg.,
electronic journals and other Web
publications, programs and resources
for science education, ages 5 to 25).
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National Science Education Standards

A Guidefor
Teaching
Learning
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Inquiry in school science

. Learners engage in question provided by teacher,
materials, or other source.

. Learners directed to collect certain data.

. Learners guided in process of formulating evidence.

. Learners coached in communicating their answers
to the question in form of explanations.

. Teacher guides class toward correct explanations.




One important fact :

For both medicine and education, each
randomized field trial must be carefully
designed and focused on hypotheses derived

from a large amount of prior research.

The US presently invests only about 0.1
percent of the total K-12 education budget on
education research

This level of investment is vastly inadequate to
provide the intellectual basis for a system of
randomized field trials that could make a real
difference in our education system




