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BEYOND THE CLASSROOM: INFORMAL STEM
EDUCATION

THURSDAY, FEBRUARY 26, 2009

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON RESEARCH AND SCIENCE EDUCATION,
COMMITTEE ON SCIENCE AND TECHNOLOGY,
Washington, DC.

The Subcommittee met, pursuant to call, at 10:00 a.m., in Room
2318 of the Rayburn House Office Building, Hon. Daniel Lipinski
[Chair of the Subcommittee] presiding.
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HEARING CHARTER

SUBCOMMITTEE ON RESEARCH AND SCIENCE
EDUCATION

COMMITTEE ON SCIENCE AND TECHNOLOGY
U.S. HOUSE OF REPRESENTATIVES

Beyond the Classroom:
Informal STEM Education

THURSDAY, FEBRUARY 26, 2009
10:00 A.M.—12:00 P.M.
2318 RAYBURN HOUSE OFFICE BUILDING

1. Purpose

The purpose of the hearing is to examine the role of informal environments in pro-

moting science learning. The Subcommittee will explore the potential for informal
science learning to engage students in math and science in ways that traditional
formal learning environments cannot, as well as the ways in which informal science
education can complement and enhance classroom science studies. Furthermore, we
will receive testimony on the National Academies report, “Learning Science in Infor-
mal Environments: People, Places, and Pursuits.”

2. Witnesses:

Dr. Joan Ferrini-Mundy, Division Director, Division of Research on Learning
in Formal and Informal Settings, Education and Human Resources Directorate,
National Science Foundation.

Dr. Phillip Bell, Co-Chair, National Academies report “Learning Science in In-
formal Environments: People, Places, and Pursuits,” and Professor, College of Edu-
cation, the University of Washington, Seattle.

Ms. Andrea Ingram, Vice President of Education and Guest Experiences, Mu-
seum of Science and Industry—Chicago.

Mr. Robert Lippincott, Senior Vice President for Education, the Public Broad-
casting Service (PBS).

Dr. Alejandro Grajal, Senior Vice President of Conservation, Education, and
Training, the Chicago Zoological Society.

3. Overarching Questions:

What is the role of informal environments in educating students and the public
about Science, Technology, Engineering and Mathematics (STEM)? In what ways
can informal education contribute to and enhance classroom learning? Are there
areas that informal environments are uniquely positioned to address? What role
can informal education play in broadening participation and promoting diversity
in STEM fields?

What are the key factors in successful partnerships between informal science or-
ganizations and formal education institutions, including both K-12 and higher
education? What opportunities for partnerships exist with the private sector? How
have both museums and educational media providers had to adapt to meet the
needs of schools and states? How can K-12 schools and institutions of higher edu-
cation take advantage of informal learning environments to meet their needs?

What kind of research is being done on informal science education to assess its
evolving role and effectiveness? What metrics exist to assess and evaluate infor-
mal learning environments, and what are the barriers to developing better
metrics?

What are some of the major challenges and opportunities that lie ahead in the
field of informal science learning? What support could federal research agencies
provide to most effectively contribute to the development and implementation of
informal STEM education activities?



4. Background

There is now a consensus that improving science, technology, engineering, and
mathematics education is critical to the Nation’s economic strength and global com-
petitiveness in the 21st century. Reports have emphasized the need to attract and
educate the next generation of American scientists and innovators. For example, the
National Academies’ 2005 report, Rising Above the Gathering Storm, recommends
that the Nation increase its talent pool by vastly improving K-12 science and math-
ematics education. This recommendation was embraced by the America COMPETES
Act which was developed by the Science & Technology Committee in the last Con-
gress and was signed into law in August of 2007. Many in the STEM educator com-
munity have argued that in order to improve STEM education, we must draw on
a full range of learning opportunities and experiences, including those in informal,
non-school settings. Reports by both the National Science Board! and the Academic
Competitiveness Council? cited informal education as an integral component of our
nation’s education system.

Informal Education

Informal science education can take place in a variety of places and through a
wide variety of media such as science centers and museums, film and broadcast
media, aquariums, zoos, nature centers, botanical gardens, online games, and after-
school programs. It is widely held that informal learning can happen in everyday
environments and through everyday activities as well. While it can be difficult to
define informal education, the term tends to broadly refer to any opportunities for
learning that take place in non-traditional, non-school settings.

National Academies Report on Informal Science Learning

The Committee on Learning Science in Informal Environments was established by
the National Research Council (NRC) of the National Academies to undertake a
study to examine the status of, and potential for science learning in informal envi-
ronments. The National Science Foundation (NSF), a principle sponsor of research
in informal science education, provided support for the study. In January 2009 the
National Academies Committee released a report entitled “Learning Science in In-
formal Environments: People Places, and Pursuits,” summarizing the key conclu-
sions of the study and providing recommendations for future research and practice.
The Committee found, among other things, that there is ample evidence to suggest
that science learning takes place throughout the life span and across venues in non-
school settings. The Committee outlined and examined four categories where infor-
mal learning often takes place: everyday experiences, designed spaces (such as mu-
seums, science centers and zoos), non-school educational programs, and science
media. The report summarizes the conclusions drawn from the research reviewed
by the Committee, and offers recommendations for practice and research to exhibit
and program designers, front-line educators, researchers and evaluators.

A key issue addressed in the report is the need to effectively evaluate and assess
informal STEM education. Assessing learning in non-school settings can prove dif-
ficult since informal settings for STEM learning typically do not use tests or grades.
Yet, there tends to be a general agreement that it is important to evaluate learning
outcomes in order to improve informal STEM programs and activities. Another key
issue highlighted in the report is the role of informal STEM education in promoting
diversity and broadening participation. The Committee found that informal environ-
ments can have a significant impact on STEM learning outcomes in historically
under-represented groups, and informal learning environments may be uniquely po-
sitioned to make STEM education accessible to all.

5. Federal Support for Informal STEM Education

Informal STEM Education Support at NSF

STEM education research and development activities are funded out of a number
of federal agencies, with NSF being the primary source of support for STEM edu-
cation research. Historically, NSF’s mission has included supporting and strength-
ening the Nation’s STEM research and education activities at all levels. NSF carries

1National Science Board (2007). Science, technology, engineering, and mathematics (STEM)
education issues and legislative options. In R. Nata (Ed.), Progress in Education (Vol. 14, pp.
161-189).

2U.S. Department of Education (2007). Report of the Academic Competitiveness Council.
Washington, DC: Author.
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out this mission by funding STEM activities ranging from teacher training and cur-
riculum development to informal education and research on learning.

Many of the Foundation’s STEM education and research activities are housed in
the Directorate for Education and Human Resources (EHR). EHR support for re-
search on learning and STEM education is largely funded through its Division on
Research Learning in Formal and Informal Settings (DRL). The FY08 budget for
DRL was approximately $209 million. One of the chief informal STEM education
programs funded through DRL is the Informal Science Education (ISE) program.
ISE invests in projects that are designed to increase interest and understanding of
STEM through informal learning experiences, with a particular emphasis on
projects that seek to inform and strengthen informal STEM education nationally,
and have the potential to make a strategic impact on the field as a whole. The FY08
budget for ISE was approximately $66.0 million.

While the majority of the Foundation’s STEM education support comes out of
EHR, there are a variety of STEM activities being funded across the research direc-
torates. One such example, the Centers for Ocean Sciences Education Excellence
(COSEE) program, housed in the Geosciences Directorate in the Division of Ocean
Sciences (GEO/OCE) has a strong informal education component. The COSEE pro-
gram invests in projects that connect scientists with educators in formal settings as
well informal settings such as museums and aquariums. Another example is the
International Polar Year awards in NSF’s Office of Polar Programs (OPP). Such
awards fund formal and informal interdisciplinary projects aimed at educating the
public about the polar regions. IPY projects have ranged from museum support and
teacher development programs to film projects documenting polar marine eco-
systems in Antarctica.

Support for Informal STEM Education at Other Agencies

The other mission agencies within the jurisdiction of the House Science & Tech-
nology Committee also support STEM education, including informal STEM edu-
cation, through a variety of mechanisms. While it is not possible to provide budget
information regarding all the informal science education initiatives at the agencies
at present, there are a few notable programs that serve as examples of agency sup-
port of informal STEM education. The National Aeronautics and Space Administra-
tion (NASA) Informal Education Division has recently initiated its NASA Explorer
Institute (NEI) program, designed to bring together members of the informal edu-
cation community and NASA staff to facilitate discussions on how to best utilize
NASA missions to educate students and the public about STEM. NEI supports the
informal science education community by providing NASA-related professional de-
velopment opportunities, STEM teaching tools and other development projects for
informal STEM educators at NASA field centers. Another NASA activity, the NASA
e-Education programs develop research-based products and services specifically de-
signed to enhance both formal and informal education. At the National Oceanic and
Atmospheric Administration (NOAA), the new NOAA Education competitive grant
program funds projects that bring together formal and informal education institu-
tions to create projects that promote environmental literacy and build public under-
standing of our global system and the interconnectivity of oceanic and atmospheric
processes.

It is difficult to identify all the informal education programs since a comprehen-
sive database of STEM education programs within the federal agencies does not
exist at present. Many STEM education initiatives are clearly identified within their
respective education offices and budget lines, but the important STEM activities em-
bedded within the other agency mission directorates or program offices are much
harder to identify. For that reason, Committee staff has undertaken the task of cre-
ating a comprehensive database of STEM education programs and activities within
the six mission agencies.

6. Questions for Witnesses

Dr. Ferrini-Mundy

e What is the current level of support and the scope of NSF-funded research
on informal STEM education? How much of NSF’s research support in this
area is directed to academic researchers and how much to providers of infor-
mal science education, or consortia thereof?

e What metrics and methodologies exist for evaluation and assessment of infor-
mal education environments? What are the barriers to developing better
metrics? What is or should be NSF’s role in developing those metrics?
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e How can informal STEM education environments help NSF achieve its mis-
sion to broaden participation in STEM? To what extent are informal learning
environments incorporated into programs to broaden participation managed
elsewhere in the Education and Human Resources Directorate or throughout
the Foundation? How do you communicate relevant new findings supported
by your division to colleagues who manage those programs?

Dr. Bell

e Please summarize the findings and recommendations of the National Acad-
emy of Sciences report, “Learning Science in Informal Environments: People,
Places and Pursuits.”

e What do we know about how students and the general public learn in infor-
mal environments? What don’t we know? How can we effectively evaluate in-
formal learning environments? Is the current level of support for research in
these areas adequate?

e Please provide an overview of your own groups’ research on informal edu-
cation at the NSF-funded Learning in Informal and Formal Environments
(LIFE) Center at the University of Washington.

Ms. Ingram and Dr. Grajal

e What is the role of informal learning environments, such as [museums/zoos],
in educating students and the public about Science, Technology, Engineering
and Mathematics (STEM)? In what ways can institutions such as [museums/
zoos] contribute to and enhance classroom learning? In what ways can and
have informal STEM education institutions, such as [museums/zoos], provided
professional development for teachers?

e What role can informal education play in broadening participation and pro-
moting diversity in STEM fields? What are informal education institutions,
such as the [museum/zoo], doing to engage and educate diverse populations?

e Please describe any partnerships the [museum/zoo] may have with formal
education institutions, including both K-12 and higher education. What have
been the key factors to the success of such partnerships? How have informal
STEM education institutions such as [museums/zoos] had to adapt to meet
the needs of schools and States?

Mr. Lippincott

o What role can digital and electronic media play in educating students and the
public about Science, Technology, Engineering and Mathematics (STEM) in
the 21st century? In what ways can media be used as a teaching tool in the
classroom? In what ways can and have educational media providers, such as
PBS, provided professional development for teachers?

e What role can informal education play in broadening participation and pro-
moting diversity in STEM fields? What are media providers, such as PBS,
doing to engage and educate diverse populations?

o Please describe any partnerships PBS may have with formal education insti-
tutions, including both K-12 and higher education. What have been the key
factors to the success of such partnerships? How have media providers had
to adapt to meet the needs of schools and States?
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Chair LipINSKI. This hearing will now come to order.

Good morning. This is the first hearing of the Research and
Science Education Subcommittee for the 111th Congress, and as
such, it is my first hearing as Chair. I am very happy to have Dr.
Ehlers here as the Ranking Member on the Committee. We have
a great interest in STEM education. It is very fitting—I have a de-
gree in engineering, Dr. Ehlers, of course, is a physicist, and we are
Co-Chairs of the STEM education caucus, so I am very happy that
we are holding this as our first hearing here this morning.

While we often examine and discuss ways to improve STEM edu-
cation in the classroom, we rarely look at the many opportunities
for learning elsewhere. A great deal of learning happens through-
out our lives in everyday activities, from having a conversation at
the family dinner table or watching a show on television, to attend-
ing a summer camp at a zoo or taking a trip to a museum. Not just
students but the general public are exposed to opportunities for
science learning through informal education every day. Today we
will explore the ways in which informal learning institutions are
uniquely positioned to attract and educate the public about STEM
issues, as well as the role of informal institutions in contributing
to and enhancing formal education in the classroom.

Today, we will hear from witnesses who are engaged in informal
STEM education in a range of settings and capacities. I look for-
ward to hearing the witnesses provide insights regarding the bene-
fits and challenges of informal STEM education and the state of re-
search on how students learn STEM in informal settings, as well
as recommendations for moving forward.

The Science and Technology Committee, and our subcommittee
in particular, has made STEM education a top priority. We have
heard time and again that we need more STEM educated grad-
uates and teachers if we want to compete in the global economy of
the 21st century. A 2005 National Academies report, “Rising Above
the Gathering Storm,” recommended that the Nation increase its
talent pool by vastly improving K-12 science and mathematics edu-
cation. For that reason, in the last Congress, the Committee devel-
oped and the President signed into law the America COMPETES
Act, which included many provisions specifically aimed at improv-
ing STEM education in our country.

Educating more highly qualified STEM teachers and enhancing
the teaching skills and content knowledge of existing STEM teach-
ers was the top recommendation of the Gathering Storm report,
which became the basis for the teacher education and professional
development provisions in the COMPETES Act. I hope to hear
today from our witnesses about the ways in which informal edu-
cation institutions, such as museums, zoos, and educational media
providers, can and do offer teacher training and professional devel-
opment tools for our nation’s STEM teachers.

I am also interested in the role of informal education in pro-
ducing a more diverse pool of scientists and engineers through pro-
grams and policies that attract individuals from groups under-rep-
resented in STEM fields. I know some of our witnesses have been
engaged in programs that address this issue, and I look forward to
learning more about ways in which informal STEM environments



7

may be uniquely positioned to make STEM learning accessible and
exciting to a broader demographic.

I believe that if we hope to promote a more scientifically literate
citizenry and to attract and educate the Nation’s future scientists
and engineers, we cannot depend upon schools alone. Instead, we
should be tapping all our resources and looking at the potential for
learning that happens every day, outside the classroom door.

I want to thank all of the witnesses for taking the time to appear
before the Committee this morning and I look forward to your testi-
mony.

[The prepared statement of Chair Lipinski follows:]

PREPARED STATEMENT OF CHAIR DANIEL LIPINSKI

Good morning and welcome to this Research and Science Education Subcommittee
hearing on informal Science, technology, engineering, and math (or STEM) edu-
cation.

While we often examine and discuss ways to improve STEM education in the
classroom, we rarely look at the many opportunities for learning elsewhere. A great
deal of learning happens throughout our lives in everyday activities—from having
a conversation at the family dinner table or watching a show on television, to at-
tending a summer camp at a zoo or taking a trip to a museum. Not just students
but the general public are exposed to opportunities for science learning through in-
formal education every day. Today we will explore the ways in which informal learn-
ing institutions are uniquely positioned to attract and educate the public about
STEM issues, as well as the role of informal institutions in contributing to and en-
hancing formal classroom learning.

Today, we will hear from witnesses who are engaged in informal STEM education
in a range of settings and capacities. I look forward to hearing the witnesses provide
insights regarding the benefits and challenges of informal STEM education and the
state of research on how students learn STEM in informal settings, as well as rec-
ommendations for moving forward.

The Science and Technology Committee, and our subcommittee in particular, has
made STEM education a top priority. We have heard time and again that we need
more STEM educated graduates and teachers if we want to compete in the global
economy of the 21st century. A 2005 National Academies report, Rising Above the
Gathering Storm, recommended that the Nation increase its talent pool by vastly
improving K-12 science and mathematics education. For that reason, in the last
Congress the Committee developed and the President signed into law the America
COMPETES Act, which included many provisions specifically aimed at improving
STEM education in our country.

Educating more highly qualified STEM teachers and enhancing the teaching skills
and content knowledge of existing STEM teachers was the top recommendation of
the Gathering Storm report, which became the basis for the teacher education and
professional development provisions in the COMPETES Act. I hope to hear today
from our witnesses about the ways in which informal education institutions, such
as museums, zoos, and educational media providers, can and do offer teacher train-
ing and professional development tools for our nation’s STEM teachers.

I am also interested in the role of informal education in producing a more diverse
pool of scientists and engineers through programs and policies that attract individ-
uals from groups under-represented in STEM fields. I know some of our witnesses
have been engaged in programs that address this issue, and I look forward to learn-
ing more about ways in which informal STEM environments may be uniquely posi-
tioned to make STEM learning accessible and exciting to a broader demographic.

I believe that if we hope to promote a more scientifically literate citizenry, and
to attract and educate the Nation’s future scientists and engineers, we cannot de-
pend upon schools alone. Instead, we should be tapping all our resources and look-
ing at the potential for learning that happens every day outside the classroom door.
I want to thank all of the witnesses for taking the time to appear before the Com-
mittee this morning and I look forward to your testimony.

Chair LIPINSKI. The Chair now recognizes Mr. Ehlers for an
opening statement.

Mr. EHLERS. Thank you, Mr. Chair, and I am sure we will have
a lot of good opportunities to work together, and we share a great
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number of common interests, not just including science but also
many aspects of teaching science. So we are going to have a good
year here.

I am intrigued about this hearing on informal science education.
I never knew the term, even though that is how I learned science
for my first 12 years of school. As a child, I was both unfortunate
and fortunate. I was unfortunate to have a serious enough disease
I couldn’t go to school but fortunate enough that I was well enough
to study at home where actually I learned more than I would have
at school. Don’t tell that to my former teachers. But I would get
the assignments every week, and I would plough through them.
But no experiments in science. My sister, fortunately, was in a
high school where they gave—she was taking a science class, I
think chemistry, where they gave free copies of Popular Science,
and she brought those home and I devoured those. And I still re-
member one of my first striking home experiments which was in-
formal science education. I lit a candle, took some bicarbonate of
soda, mixed it in a glass, formed a little trough of paper, and held
it near the candle and proceeded to pour. Nothing that you could
see, and the carbon dioxide went down the trough and extinguished
the candle. That was just amazing to me, that something I couldn’t
see, touch, feel, smell, could actually exist, could move, and could
put out a fire. That is the sort of thing that you never forget, par-
ticularly if you develop them yourself, and I did the same thing
with some of my high school work.

The informal science education takes place almost everywhere
but in the classroom, and I was fortunate that I had parents who
could answer my questions quite often or would help me find the
answer, to be a more proper way of saying it. But the question is,
how do we measure the results of it? How do we know whether it
is good informal education or not? How does it fit into the whole
of educating the child about the wonders of science? And above all,
how does it get them interested in science?

Informal science education then can take place almost anywhere
but in the classroom. A recent report from the National Academies
on this topic highlights the difficulty in assessing the impacts of
non-classroom learning on science knowledge, attitudes, and ac-
tions. And maybe you have to wait 40 years to see whether the stu-
dents learn enough science to get a Ph.D. in physics and become
a Member of Congress. I don’t know if I am one of the data points
on their charts or not. Clearly, formalized science, technology, engi-
neering, and math, which we call STEM education can only go so
far. Informal experiences shape how people view science and can
help people get comfortable enough with science to spend their free
time in places like parks, museums, and after-school activities. And
also, a real advantage of the informal education is getting kids
really excited about it because they are part of the discovery proc-
ess which they often are not in a traditional classroom. Informal
science education has a unique platform to engage the public in
science in ways that show it is not only fun but also fundamental
to the competitiveness of our country. These opportunities also
reach many students and families who may not have received a
high-quality STEM education through traditional classroom experi-
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ences or who may have been turned off to science by earlier nega-
tive experiences.

One challenge faced by the informal science education commu-
nity, and policy-makers, is that inherently minimally-structured
environments do not lend themselves to evaluation. I am particu-
larly interested in how the federal agencies can support the nec-
essary research and provide resources to informal practitioners
about how to develop and manage successful programs.

I look forward to hearing from our witnesses today. I certainly
appreciate your attendance here and look forward to this being an-
other informal learning experience. Thank you very much.

[The prepared statement of Mr. Ehlers follows:]

PREPARED STATEMENT OF REPRESENTATIVE VERNON J. EHLERS

Today’s hearing is an opportunity to learn about the blossoming field of informal
science education and research.

Informal science education takes place almost everywhere but in the classroom.
The recent report from the National Academies on this topic highlights the difficulty
in assessing the impacts of non-classroom learning on science knowledge, attitudes
and actions. Clearly, formalized science, technology, engineering and math (STEM)
education can only go so far. Informal experiences shape how people view science
and can help people get comfortable enough with science to want to spend their free
time in places like parks, museums, and after-school activities. Informal science
education has a unique platform to engage the public in science in ways that show
it is not only fun, but also fundamental to the competitiveness of our country. These
opportunities also reach many students and families who may not have received a
high-quality STEM education through traditional classroom experiences or who
have been turned off to science by earlier negative experiences.

One challenge faced by the informal science education community—and policy-
makers—is that inherently minimally-structured environments do not lend them-
selves to evaluation. I am particularly interested in how the federal agencies can
support the necessary research and provide resources to informal practitioners
about how to develop and manage successful programs.

I look forward to hearing from our witnesses today. Thank you for your attend-
ance.

Chair LipINSKI. If there are Members who wish to submit addi-
tional opening statements, your statements will be added to the
record at this point.

[The prepared statement of Mr. Carnahan follows:]

PREPARED STATEMENT OF REPRESENTATIVE RUSS CARNAHAN

Mr. Chairman, thank you for hosting this hearing to examine the role of informal
environments in STEM education.

As we have all mentioned time and again, the Rising Above the Gathering Storm
report provided us with both the knowledge that our nation’s standing as the global
leader in the STEM field is at risk as well as solid tools for policy-makers to coun-
teract this worrisome trend. We must address this issue with all available resources,
both formal and informal.

The National Academies Committee report showed that there is ample evidence
to suggest that science learning takes place throughout the life span and across
venues in non-school settings. In my home district of St. Louis, the Missouri Botan-
ical Garden offers a great example of one such informal science learning environ-
ment. In their Power of Plants Contest, students pick a plant that does great things
for people and tell its story through a two- or three-dimensional work of art.

Programs like this provide opportunities to reach into schools or formal environ-
ments and allow students to connect in an informal basis. These informal experi-
ences can provide opportunities to form personal connections which can be much
stronger compared to those in a formal classroom setting. It is these experiences
that can lead to self-directed learning which leave a strong and lasting impression
on students.

I am pleased that today’s hearing again focuses on the important task of ensuring
that our STEM programs are working not only in the classroom, but beyond as well.
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To all the witnesses before us today—thank you for taking time out of your busy
schedules to appear before us today. I look forward to hearing your testimony.

Chair LipINsKI. I would like to also welcome Mr. Griffith here as
a freshman. It is good to have you here on this subcommittee.

Mr. GrRIFFITH. Thank you, Mr. Chair.

Chair LIPINSKI. I look forward to what you add to our sub-
committee, and I just want everyone to know that these are very
important issues that we are working on here in the Subcommittee,
very important for the future of our country. And we are open to
any ideas that anyone has on this subcommittee about what we
might want to talk about, what we might want to work on during
this Congress.

At this time I want to introduce our witnesses. We will start
with Dr. Joan Ferrini-Mundy, the Director of the Division of Re-
search on Learning in Formal and Informal Settings in the Edu-
cation and Human Resources Directorate, of the National Science
Foundation. Dr. Phillip Bell is the Co-Chair of the National Acad-
emies report, “Learning Science in Informal Environments: People,
Places, and Pursuits” and a professor at the College of Education
at the University of Washington, Seattle. Ms. Andrea Ingram is the
Vice President of Education and Guest Experiences at the Museum
of Science and Industry, Chicago. And later on I may have the op-
portunity to regale everyone with my memories of being a kid and
going to the museum. Mr. Robert Lippincott is the Senior Vice
President for Education at The Public Broadcasting Service. I am
not sure I am going to talk about watching the TV when I was a
kid, but I certainly watched a lot of PBS. Finally, I am pleased to
introduce Dr. Alejandro Grajal from my district, just west of Chi-
cago. He is the Senior Vice President of Conservation, Education,
and Training at the Chicago Zoological Society which is the organi-
zation that operates the Brookfield Zoo.

Now, as our witnesses should know, spoken testimony is limited
to five minutes each, after which the Members of the Committee
will have five minutes each to ask questions. And we will have
time, I am sure certainly during the questions, if there is anything
that you want to add onto your five minutes. And you know, time
permitting, we may have time for a little bit of wrap-up at the end.
So if you could limit yourselves to the five minutes in any opening
statements.

So we will start with Dr. Ferrini-Mundy.

STATEMENT OF DR. JOAN FERRINI-MUNDY, DIRECTOR, DIVI-
SION OF RESEARCH ON LEARNING IN FORMAL AND INFOR-
MAL SETTINGS, DIRECTORATE FOR EDUCATION AND
HUMAN RESOURCES, NATIONAL SCIENCE FOUNDATION

Dr. FERRINI-MUNDY. Chairman Lipinski, Ranking Member
Ehlers, and distinguished members of the Subcommittee, I am
Joan Ferrini-Mundy, Director of the Division of Research on Learn-
ing in Formal and Informal Settings at the National Science Foun-
dation in the Directorate for Education and Human Resources.
Thank you for the opportunity to testify about informal education
in science, technology, engineering and mathematics, the STEM
disciplines. Mr. Chairman, I ask that my written statements be
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madﬁ a part of the record, and I would like to summarize my re-
marks.

Today I would like to address three main areas: the level and
scope of NSF-funded research and development in informal science
education; emerging research directions and challenges in assess-
ment; and the significance of informal learning environments for
broadening participation in STEM disciplines.

Our signature catalyst program for investment in this area is the
Informal Science Education (ISE) program, whose primary goals
are to promote lifelong learning of science, technology, engineering,
and mathematics by the public and to advance the knowledge base
and human capacity for improving informal STEM education.

There currently are about 200 funded projects in the ISE port-
folio. Roughly 35 percent of the awards are to institutions of higher
education, and the remaining 65 percent are disbursed among mu-
seums, science centers, youth and community programs, and radio,
television, multi-media and web producers. The average ISE budget
over the past five years has been about $62.9 million. As hosts of
new scientific findings and STEM issues of importance to the pub-
lic emerge daily, it is essential to have a robust body of research
and evaluation that maximizes the potential impact of our invest-
ments in informal science education.

We need to know much more about how to motivate and interest
learners in STEM topics, about what science topics lend themselves
best to learning in informal settings, about how learning in infor-
mal settings can broaden participation in STEM careers, and about
how to engage citizens with the science that affects public policy
as well as their daily lives.

The recent study, Learning Science in Informal Environments,
the report of the National Research Council of the National Acad-
emies, was funded by the ISE program. It provides a synthesis of
the research literature on learning in informal environments, and
the report confirms that everyday experiences can support science
learning for virtually all people.

Informal learning environments are voluntary learning settings.
The learner can walk away from the exhibit, change the television
channel, or click to a new website. Thus, in addition to measuring
what is being learned about science in such settings and what
science is being learned, it is important to determine what will en-
gage the learners and hold their attention, and that is a crucial
topic for researchers.

There are major challenges in this research domain. What out-
comes should be expected in informal learning environments and
what assessments are best for measuring them? Museum-goers
don’t expect to take a formal test after a casual visit. The experi-
ences are often brief and fragmented, so it may not be reasonable
to expect depth of content learning from a single exposure.

Researchers are studying such outcomes as attitude, awareness,
interest, and behavior. Their methods include self-report, recording
visitors’ conversations, interviews, and the timing and tracking
studies of behaviors. There is a continued need for valid and reli-
able instruments and measures to assess the appropriate outcomes
of learning in informal settings. NSF-funded researchers are ad-
dressing these challenges through the ISE program and others.
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I find that there is enthusiasm across NSF about sharing excit-
ing science with diverse audiences through informal learning op-
portunities. We recognize the great potential of these venues for
engaging youth who may not thrive in the formal education system.
Some ISE projects focus specifically on learners from groups tradi-
tionally under-represented in STEM, and most projects include out-
reach to these groups. The focus on broadening participation ex-
tends well beyond EHR. In the Directorate for Geosciences, for ex-
ample, there is a project that prepares teachers in urban settings
to integrate the resources of their city into their STEM teaching.
In the Directorate for Computer and Information Science and Engi-
neering, a project with the Boys and Girls Clubs of America uses
culturally responsive approaches to attract and retain high school
students in computer science.

The NSF has been able to build a diverse and dynamic portfolio
of research, development, and model building to promote the learn-
ing of all people at all ages through informal science education en-
vironments. The portfolio is increasingly robust in the area of re-
search about learning in informal settings. Through programs in
the Division of Research on Learning, we plan to continue encour-
aging and supporting scientific discovery in informal science edu-
cation.

I would like to thank the Subcommittee for this opportunity to
share with you information about investments made by the NSF in
this area. Mr. Chair, this concludes my remarks. I would be happy
to answer any questions.

The prepared statement of Dr. Ferrini-Mundy follows:]

PREPARED STATEMENT OF JOAN FERRINI-MUNDY

Chairman Lipinski, Ranking Member Ehlers, and distinguished Members of the
Subcommittee, I am Joan Ferrini-Mundy, Director for the Division of Research on
Learning in Formal and Informal Settings within the Directorate for Education and
Human Resources at the National Science Foundation (NSF). Thank you for the op-
portunity to testify about informal education in science, technology, engineering and
mathematics—what we at the NSF call the STEM disciplines. In an era where we
are all lifelong learners, the boundaries between formal settings for learning—such
as schools and universities—and informal learning settings—such as museums,
cyberspace, and the media—are increasingly blurred and porous. Against this back-
drop, the NSF continues to provide leadership and scholarship for the ongoing
transformation of STEM learning opportunities, for learners of all ages, back-
grounds, cultures, and ethnicities, and in all settings.

Today I would like to address three main areas: the level and scope of NSF-fund-
ed research and development in informal science education; emerging research di-
rections and challenges, including a focus on assessment; and the significance of in-
formal learning environments in broadening participation in STEM.

Research on STEM learning in informal settings is not a new enterprise at NSF.
The NSF’s recognition of the importance of research about the STEM lifelong learn-
ing opportunities through out-of-school settings dates back five decades, to the for-
mation of the Public Understanding of Science program in 1959 and the funding of
studies of public knowledge of science. This emphasis has continued, most recently
in the production of Learning Science in Informal Environments (2009), a report of
the National Research Council of the National Academies.! This effort, funded by
the NSF’s Informal Science Education program, provides a synthesis of the research
literature on learning in informal environments. It is generally acknowledged that
the percentage of time that a person spends in formal education over a lifespan is

1National Research Council (2009). Learning Science in Informal Environments: People,
Places, and Pursuits. Committee on Learning Science in Informal Environments. Philip Bell,
Bruce Lewenstein, Andrew W. Shouse, and Michael A. Feder, editors. Board on Science Edu-
cation, Center for Education, Division of Behavioral and Social Sciences and Education. Wash-
ington, DC: The National Academies Press.
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relatively small compared to the time available for learning outside of school. And,
the Learning Science in Informal Environments report confirms on the basis of re-
search that: “Everyday experiences can support science learning for virtually all
people.” (p. ES-2).

NSF-Funded Research and Development in Informal Science Education

Our signature catalyst for investment in this area is the Informal Science Edu-
cation (ISE) program, which received its first appropriation in FY 1984. This was
in response to recommendations that the Federal Government provide support for
a wide range of informal learning experiences made in the 1983 report of the Na-
tional Science Board Commission on Precollege Education in Mathematics, Science,
and Technology.2 The report noted: “A great deal of education takes place outside
the classroom. The most fortunate students receive experiences in museums, clubs,
and independent activities . . .. The child who has regularly visited zoos,
planetaria, and science museums, hiked along nature trails and built model air-
planes and telescopes is infinitely better prepared for, and more receptive to, the
mathematics and science of the classroom.”

The ISE program’s primary goal is to promote lifelong learning of science, tech-
nology, engineering, and mathematics by the public and to advance the knowledge
base, practice, human capacity and communities of professionals engaged in infor-
mal STEM education. Indeed, the infrastructure for free-choice learning provided by
NSF’s ISE program has been noted as being important in the development of the
“informal science education” field.3 Over the years, it has established television,
radio, and giant-screen film as media for STEM education; funded major traveling
and permanent exhibitions; catalyzed citizen science projects enabling the public to
participate in actual research; and expanded community and youth programming,
including after-school science. At the same time, it has supported ongoing
professionalization and increased capacity of the field, as well as knowledge building
through required evaluation, and research about learning in informal settings.
Awardees over the past decade have included museums (28.2 percent), academic in-
stitutions (24.1 percent), media producers and television stations (20.8 percent), and
many other types of developers and providers of informal science education. The in-
volvement of academic institutions is increasing; in the current portfolio, roughly 35
percent of the awards are to institutions of higher education.

Today, this field is a diverse, creative, and interdisciplinary community of institu-
tions, such as science centers, zoos, aquariums, and museums of many types, and
professionals, including exhibit designers, film and television producers, media ex-
perts, after-school program developers, information technologists, scientists, and
learning researchers. They share a passion and expertise for providing STEM learn-
ing opportunities to all people of all ages. To harness the talent and energy of these
groups, the ISE program has dual commitments: building new knowledge about
STEM learning in informal environments through research and development of
models, and reaching large numbers of children, youth, and adults with STEM
learning and engagement opportunities. Keeping these dual commitments in appro-
priate balance and synergy is an important challenge in the management of the pro-

gram.
The budget in the ISE program for the past five years has been as follows (in mil-
lions):

FY2004 | FY2005 | FY2006 FY 2007 FY 2008
$61.9 | $62.8 | $62.4 $63.5 $64.0

There currently are about 200 funded projects in the ISE portfolio, ranging from
design and implementation of innovative museum exhibits, to the production of
large-format films and television and radio series, to research studies to examine
how informal learning opportunities promote science learning, to “citizen-science” ef-
forts, to public engagement in science in the spirit of science cafés, to the develop-
ment of virtual learning communities and serious games. In the past two years,
ISE-funded projects have won major awards, including Emmys, the Peabody Award,
the Webby, and the American Association of Museums Award of Excellence in Exhi-

2National Science Board Commission on Precollege Education in Mathematics, Science and
Technology, Educating Americans for the 21st Century (Washington, DC: National Science Foun-
dation, 1983, CPCE-NSF-04).

3 Lewenstein, B. (2001). Who produces science information for the public? In John H. Falk
(Ed.), Free-choice Science Education. New York: Teachers College Press.
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bition, as well as recognitions such as premiering at the Sundance Film Festival.
This is a highly competitive program with a funding success rate of about 15 per-
cent.

Based on the questions I received from the Subcommittee and the focus of the re-
cent Learning Science in Informal Environments, my emphasis in this testimony is
on research related to informal learning. The Informal Science Education (ISE) pro-
gram, NSF’s primary source of investment in this area, funds both research and de-
velopment.

The ISE program is part of a broader effort at NSF to understand STEM learning
and how to best engage people of all ages in it. The Division of Research on Learn-
ing in Formal and Informal Settings has a growing portfolio of funded research that
is building knowledge about the processes of STEM learning and that examines the
impacts of learning interventions such as school curricula or museum exhibits, and
the reasons for those impacts. DRL-funded research is ongoing at various points in
a cycle of research and development.

evaluate and

generalize
synthesize and
theorize
implement, study,
and improve
design, develop, an ypothesize and
test clarify

Projects range from those that generate hypotheses and describe STEM learning
phenomena and constructs, to those that design highly innovative and potentially
powerful learning interventions built on basic learning research, to those that test,
implement, and refine these interventions and learning materials in specialized set-
tings, to those that operate larger scale implementation and effectiveness studies for
the most promising interventions, to—finally—synthesis and theory-building that
informs continued work in the cycle. DRL and its predecessor divisions and units
have provided funding for research on STEM learning and education since the
1950s.

Across the Directorate for Education and Human Resources and NSF more broad-
ly, there are several programs that also invest in efforts to engage learners in STEM
outside of school settings, as part of the NSF commitment to the integration of re-
search and education. For instance, in the Integrative Graduate Education and Re-
search Traineeship Program (IGERT), scientists are engaged in communicating
their work to public audiences.

Emerging Research Directions and Challenges

As hosts of new scientific findings and STEM issues of national interest to the
public emerge daily, and in today’s rapidly changing context for communication and
information-sharing, it is essential to have a robust body of research and evaluation
that maximizes the potential impact of investments in informal science education.
We need to know much more about how to motivate and interest learners in STEM
topics. We need to understand what areas of science lend themselves best to learn-
ing in informal settings. We need to study how learning in informal settings can
be most powerful as an impetus for broadening participation in STEM careers. And,
we need to conduct research about the public’s attitudes, interests, and knowledge
as a basis for their informed engagement with the science that affects public policy
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as well as their daily lives.4 The National Science Board’s Science and Engineering
Indicators volumes report on the levels of public attitudes and understanding of
science and technology, recognizing that this is one barometer of the Nation’s readi-
ness to engage in solutions to the scientific problems of the day and for its citizenry
to have the scientific literacy necessary to sustain their own personal science-related
decision-making. Research 1n all of these areas, and others, is essential to ongoing
strategic investments in the models and resources that are produced for learning in
informal settings.

The Learning Science in Informal Environments report makes recommendations
about needed research on: tools and practices that contribute to learning, learning
strands, cumulative effects, and learning by groups, organizations, and commu-
nities. Through such syntheses, together with published research studies, web data-
bases of evaluation reports, professional meetings and NSF-sponsored principal in-
vestigator meetings, the growing body of research about informal learning is com-
municated to practitioners to help inform their work. This research is also shared
internally through seminars and workshops to help NSF staff remain abreast of de-
velopments in the field.

As the informal science education field matures, part of the needed capacity-build-
ing is to expand expertise and interest in research and evaluation, and to build the
research base. NSF’s investments in this area of capacity-building and knowledge-
building are increasing. One strategy in this area was the establishment of the Cen-
ter for Advancement of Informal Science Education (CAISE), a resource center fund-
ed by the ISE program. In a review of the 548 ISE projects funded over the period
1998 through 2008, CAISE found that 60 projects had research about informal
learning as a primary objective, and 37 as a secondary objective. These 97 research-
oriented projects represent an investment over ten years of about $128 M. This indi-
cates that approximately 15 percent of the overall ISE investment over this period,
which includes development and implementation of a wide range of informal learn-
ing resources, is directed toward improving understanding of the use and impacts
of such resources through research.

In addition to the ISE program, NSF’s Research and Evaluation on Education in
Science and Engineering (REESE) and Innovative Technology Experiences for Stu-
dents and Teachers (ITEST) programs support research on learning in informal en-
vironments. For example, in its most recent solicitation the ITEST program calls for
research to address such questions as: “What does it take to effectively interest and
prepare students to participate in the science, technology, engineering, and mathe-
matics (STEM) workforce of the future? What are the knowledge, skills, and disposi-
tions that students need in order to participate productively in the changing STEM
workforce and be innovators, particularly in STEM-related networked computing
and information and communication technology (ICT) areas? How do they acquire
them? How can the Nation’s burgeoning cyberinfrastructure be harnessed as a tool
for STEM learning in classrooms and informal learning environments? How can we
assess and predict inclination to participate in the STEM fields and how can we
measure and study the impact of various models to encourage that participation?”5

The Center for Informal Learning and Schools, funded by NSF’s Centers for
Learning and Teaching Program in 2002, has as its primary objective to create a
program of research, scholarship, and leadership in the arena of informal learning
and the relationship of informal science institutions and schools. This partnership
among the Exploratorium, King’s College London, and the University of California—
Santa Cruz, is undertaking research about such topics as explanation and commu-
nication, structures that support informal learning, and the design of learning envi-
ronments. Within the REESE portfolio, there are 11 projects currently underway,
representing a total investment of about $7M, that are specifically examining issues
relevant to informal learning. These range from a project that is studying how fun-
damental biological concepts are understood in different learning contexts and by
different cultural groups (Bardeen, Fermilab), to a study of indigenous-heritage com-
munities’ ways of learning about scientific ideas (Rogoff, University of California—
Santa Cruz), to a study of how to improve connections between formal and informal
learnin{;r settings (Schwartz at Stanford University, and Biswas at Vanderbilt Uni-
versity.

Informal learning environments are voluntary learning settings; the learner can
walk away from the exhibit, change the television channel, or click to a new website.
Thus in addition to measuring what is actually being learned in such settings, the
matter of determining what will engage learners and hold their attention is a cru-

4See Office of Science and Technology and the Wellcome Trust (2000). Science and the Public:
A Review of Science Communication and Public Attitudes to Science in Britain. (p. 4)
5See http:/ /www.nsf.gov/funding | pgm _summ.jsp?pims _id=5467
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cial topic for researchers in this domain. This includes aspects such as under-
standing which scientific topics will engage learners, what kinds of features of an
exhibit or program will hold attention, and what sorts of activities will encourage
continued participation. The ISE program has funded efforts in all of these areas,
although this clearly needs to be seen as an emerging, interdisciplinary area of re-
search. Cognitive scientists traditionally have been more interested in learning as
it occurs in school settings, although we are noticing increased proposal pressure in
ISE-relevant research over recent years.

The professional wisdom and craft knowledge resident in the informal science
education community, when tested and strengthened through research and evalua-
tion, stands to inform some of today’s most pressing educational challenges. In par-
ticular, because of the porous boundaries between the formal and informal learning
communities, a focus on the connections between informal and formal learning envi-
ronments is important. For example, the need to provide the Nation’s K-12 STEM
teachers with mechanisms for keeping their science knowledge current in a cyber
era can be informed by what is already known from the informal science learning
community’s accumulated wisdom about voluntary learning. By their very nature,
informal learning organizations are positioned to be innovators in the type of hands-
on, direct contact with the world of science that is seen by many as crucial in stu-
dent learning, and research to illuminate such learning environments stands to in-
form K-12 formal education.

There are major challenges in this research domain, as well as some promising
tools and resources. Challenges are most prevalent in determining what outcomes
should be expected in informal learning environments, and what metrics are best
for measuring them. There are theoretical issues of “ecological validity”—museum-
goers don’t expect to take a formal test after a casual visit. Frank Oppenheimer
once said “no-one ever flunks a museum.” And, because of the self-directed nature
of this learning, diverse learners (ranging from young children to older adults) will
be interested in, and will learn, different things. The experiences are often brief and
fragmented, and so it may not be reasonable to expect depth of content learning
from a single exposure, although they may be particularly memorable and stimulate
further engagement. In dynamic, open, voluntary learning environments it is hard
to establish control groups and to deal adequately with human subjects issues.
Promising approaches to addressing these challenges include interdisciplinary ef-
forts that bring together informal science educators, educational researchers, psy-
chologists, sociologists, and assessment experts; capacity building among evaluators
to understand both the constraints and affordances of evaluation in informal learn-
ing settings; strategic use of common instruments when efforts have overlapping
goals; and design of innovative instruments and approaches. This might involve, for
instance, using physiological measures to track learning-related emotions, or build-
ing stronger theories about culturally responsive evaluation, or constructing new
and appropriate outcome goals for learning. One resource that has been well re-
ceived is the ISE-funded Framework for Evaluating Impacts of Informal Science
Education Projects (NSF, 2008). This is a guide for ISE projects which includes such
material as “Tools, Tips, and Common Issues in Evaluation Experimental Design
Choices.” The NSF, through the Division of Research on Learning in Formal and
Informal Settings, is committed to playing a leading role in advancing research and
development in the area of informal science education.

Informal Learning Environments in Broadening Participation in STEM

Building a STEM workforce that draws on the best talents of all in the society,
reaching out to groups that have been under-represented in STEM, and promoting
a STEM-literate public all are central to NSF’s mission. NSF’s Strategic Plan, 2006—
2011, includes as a strategic goal “Cultivate a world-class, broadly inclusive science
and engineering workforce, and expand the scientific literacy of all citizens.” In par-
ticular, the plan notes: “NSF will improve STEM literacy by developing new strate-
gies that explicitly encompass both formal and informal education, with a focus on
strategies that have an impact on the Nation’s critical need for a citizenry literate
in science and technology, a skilled workforce, and a vibrant research community.”
(p. 8).

A number of ISE projects are specifically concerned with engaging learners from
groups traditionally under-represented in STEM. For example, the “Urban Bird
Gardens: Assessing the Interest of Latino Communities in Citizen Science” project
(Dickinson, Cornell University), and the “Native Science Field Centers” (Satchatello-
Sawyer, Hopa Mountain) are funded with ISE support. And although the ISE pro-
gram is the Foundation’s flagship program in this area, there are a number of ef-
forts across NSF that recognize the particular potential of informal learning oppor-
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tunities as a resource for broadening participating in STEM fields and make invest-
ments to advance this potential.

I have already mentioned the Innovative Technology Education Experiences for
Students and Teachers (ITEST) program, which provides funding for research and
development projects for K-12 students in out-of-school settings to encourage STEM
workforce participation, especially by students from groups traditionally under-rep-
resented in STEM. Also managed in the Division of Research on Learning in Formal
and Informal Settings is the Communicating Research to Public Audiences (CRPA)
program With CRPA, researchers funded through NSF’s Research and Related Ac-
tivities directorates can receive new awards to help them communicate their sci-
entific results to the public. Other divisions in the Education and Human Resources
directorate also fund projects to broaden participation in science using informal
science learning materials as a basis—notably a number of efforts in the Division
of Human Resource Development that work to engage women, people with disabil-
ities, and under-represented minorities in STEM learning. The “Adolescents’ Identi-
fication with Televised Portrayals of Male and Female Scientists” study (Steinke,
Western Michigan University), through the Gender Studies in Education Program,
is one such example.

I find that there is enthusiasm across NSF about informal learning opportunities
as means of sharing the exciting and motivating aspects of science with diverse au-
diences, and recognition of the great potential of these informal learning venues for
engaging youth who may not thrive in the formal education system. For example,
several studies of museum-based and after-school programs have shown evidence of
supporting statistically significant academic gains for youth, particularly when they
draw on local issues and the children’s prior interests.®

Across the Foundation there are efforts to broaden participation through informal
science education. The NISE Net initiative, a collaborative effort across seven NSF
directorates, is building public awareness and engagement about nanoscale science
and engineering at more than 100 sites nationally. Led by researchers at three
science museums, the project’s goals include helping museum visitors understand
the properties of new materials, along with the possibilities they present in areas
such as medicine, security, and energy, as well as their potential societal implica-
tions. In another example, the International Polar Year provided opportunities for
cross-NSF collaborations, particularly between the Office of Polar Programs and the
ISE program, for major investments in innovative and exciting informal STEM
learning. Among them was PolarPalooza, bringing polar scientists and their gear to
sites around the country, as well as films, websites and science blogs bringing polar
science to Americans of all ages and from all communities. In the Directorate for
Geosciences, the “Science and the City: Fusion of Formal and Informal Learning Ex-
periences into an Innovative Geoscience MA-Teacher Program” prepares program
teacher graduates to integrate the resources of their city into their teaching. And,
the project “Incorporating Cultural Tools for Math and Computing Concepts into the
Boys and Girls Clubs of America,” funded through the Broadening Participation in
Computing Program in the Directorate for Computer Information Science and Engi-
neering, uses culturally responsive approaches to attract and retain high school stu-
dents to computer science.

In summary, the NSF has been able to build a diverse and dynamic portfolio of
research, development and model-building to promote the learning of all people, at
all ages, through a range of informal science environments, and including the cyber
world. This portfolio is increasingly robust in the area of research about learning
in informal settings and the knowledge base that is so essential in this area is grow-
ing in significant and useful ways. In closing, I want to thank the Subcommittee
for this opportunity to share with you this information about the investments made
by NSF in research and development to advance and foster increased public sci-
entific literacy and development of the STEM workforce through informal science
education.

Mr. Chairman, this concludes my remarks. I would be happy to answer any ques-
tions.

BIOGRAPHY FOR JOAN FERRINI-MUNDY

Dr. Joan Ferrini-Mundy is the Director of the National Science Foundation’s
(NSF) Division of Research on Learning in Formal and Informal Settings (DRL), in
the Directorate for Education and Human Resources (EHR). DRL programs invest

6See Chapter 7, Diversity and Equity, in Learning Science in Informal Environments, NRC,
2009.
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in research and development efforts to support the learning of science, technology,
engineering and mathematics at all levels and in all settings. She has recently been
appointed Executive Officer (Acting) of the Directorate for Education and Human
Resources. She serves as an NSF representative on the Education Subcommittee of
the National Science and Technology Council, and represents EHR on NSF’s Facili-
tating Transformative and Interdisciplinary Research Working Group. While at NSF
Dr. Ferrini-Mundy holds a faculty position at Michigan State University where she
is a University Distinguished Professor in Mathematics Education and Assistant
Vice President for STEM Education and Policy. Her research interests include cal-
culus teaching and learning, the development and assessment of teachers’ mathe-
matical knowledge for teaching, and the improvement of student learning in K-12
mathematics and science. Dr. Ferrini-Mundy has served on the National Council of
Teachers of Mathematics’ Board of Directors, The Board of Governors of the Mathe-
matical Association of America, and as Director of the National Research Council’s
Mathematical Sciences Education Board. She also participated as an Ex Officio
Member of the National Mathematics Advisory Panel in 2007-2008, and serving as
Co-Chair of the Instructional Practices Task Group.

Chair LIPINSKI. Thank you very much for your testimony. Dr.
Bell.

STATEMENT OF DR. PHILIP BELL, THE GEDA AND PHIL
CONDIT PROFESSOR OF SCIENCE AND MATH EDUCATION,
ASSOCIATE PROFESSOR OF THE LEARNING SCIENCES; DI-
RECTOR, INSTITUTE FOR SCIENCE AND MATHEMATICS EDU-
CATION, UNIVERSITY OF WASHINGTON, SEATTLE; CO-CHAIR,
COMMITTEE ON LEARNING SCIENCE IN INFORMAL ENVI-
RONMENTS, BOARD ON SCIENCE EDUCATION, NATIONAL
ACADEMY OF SCIENCES, THE NATIONAL ACADEMIES

Dr. BELL. Good morning, Mr. Chairman, and Members of the
Subcommittee. Thank you for the opportunity to appear before you
today. I am Philip Bell from the University of Washington. I served
as Co-Chair of the Committee on Learning Science in Informal En-
vironments of the National Research Council, and I ask that my
written remarks be made part of the record of the hearing.

I was asked to describe the work in my research group and sum-
marize the conclusions and recommendations of the recent NRC
consensus study. I participate in a large-scale interdisciplinary re-
search effort called the Learning in Informal and Formal Environ-
ments Center, or LIFE Center, a collaboration of the University of
Washington, Stanford University, SRI International. It is funded
through NSF’s Science of Learning Center program within the SBE
Directorate.

In LIFE we study the social foundation of how people learn
across a broad range of learning environments from the classrooms,
science centers, aquaria, and zoos to after-school programs, Inter-
net sites, video game environments and in the midst of family life.
My research group investigates how youth and families from multi-
cultural urban communities develop science and technology-related
expertise across different settings. In our research, we found a sur-
prising and troubling pattern where children pursue and engage in
sophisticated STEM learning outside of school, but those interests
and early competencies are not recognized or built upon in the
classroom.

Just one example, we followed an elementary school-aged boy for
several years documenting his learning across settings who devel-
oped significant expertise related to mechanical engineering, from
building robotic kits at home to engaging in complex puzzle activity
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on the science center floor, but in the classroom, he is not perceived
as being interested in academic subjects at all. Such disconnects in
learning between home and school are putting these particular
children at higher risk of academic failure in STEM.

Our research further indicates that STEM academic achieve-
ment, although crucial, is only part of what is needed to cultivate
expertise in STEM, and people’s activities in informal environ-
ments are an equally crucial platform for learning, as we are hear-
ing from Congressman Ehlers.

Efforts to enhance the scientific capacity of society typically fo-
cuses on formal schooling. LIFE Center researchers developed the
diagram shown over on the easel there to my left, to your right,
to characterize roughly the amount of time individuals spend in
formal and informal environments, with lifelong learning along the
horizontal and life-wide learning as people go across settings along
the vertical.

What is often overlooked or underestimated is the potential of
STEM learning in non-school settings. Each year tens of millions
of Americans young and old explore and learn about science by vis-
iting informal learning institutions, participating in programs, and
countless more use media to pursue their science-related interests.
From a lifelong, life-wide perspective, it is imperative that we le-
verage informal learning environments to support workforce devel-
opment, civic participation, and STEM-related policy issues, and to
promote scientific literacy among the citizenry.

The Informal Science Education program, as we already heard,
funded a consensus study with the Board on Science Education at
the NRC with the goal of synthesizing the existing research about
how people learn in informal environments. The interdisciplinary
committee that was convened organized its analysis by looking at
the various places where science learning occurs. These included
everyday experiences like hiking at a national park with your fam-
ily, pursuing a hobby or learning on the farm, as well as designed
settings, such as visiting a science center, zoo, aquarium, or botan-
ical garden or participating in educational programming, such as
summer science programs for youth, environmental monitoring ex-
periences for citizens, or Elderhostel programs that are related to
science. The committee found abundant evidence that informal
learning environments routinely support significant science learn-
ing for individuals from all ages, from a broad variety of back-
grounds and ways that uniquely serve their personal and profes-
sional interest and that relate to the broader STEM interest of so-
ciety.

However, the field is lacking a clear statement of goals that are
appropriate for these settings, learning goals, which can be meas-
ured. The committee developed and used the strands of science
learning framework that articulates science specific capabilities
supported by informal learning environments. The six interrelated
strands reflect the field’s commitment to getting learners to partici-
pate and connect to science in stimulating, interactive, contem-
porary, and personally relevant ways.

In closing, I want to mention some high priority policy issues
that are described in the report. First, in terms of broadening par-
ticipation in STEM, studies do suggest that informal learning envi-
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ronments may be particularly effective for youth from historically
non-dominant communities. However, there is variability in the
success of these environments in attracting and engaging diverse
audiences. We believe that a better understanding of the naturally
occurring science learning in a diverse range of communities is
needed to inform basic theory about how people learn as well as
to design informal learning experiences that actually are tailored
to these communities.

Secondly, we believe that there should be sustained support for
high-quality informal programs and experiences that focus on
STEM. Informal learning environments represent a crucial part of
society’s infrastructure for STEM education.

Thirdly, although it is important to understand the impact of in-
formal environments, a more important question may be how
science learning occurs across a range of formal and informal envi-
ronments. The science learning literatures and fields are seg-
mented in ways that are at odds with how people routinely tra-
ver:ise settings and can engage in learning across those settings day
to day.

Thank you for the opportunity to be here, and I look forward to
your questions.

[The prepared statement of Dr. Bell follows:]

PREPARED STATEMENT OF PHILIP BELL

Good morning, Mr. Chairman and Members of the Committee. Thank you for the
opportunity to appear before you today to discuss informal STEM education in
science. I am Philip Bell, Associate Professor of Learning Sciences in the College of
Education at the University of Washington. I served as a Co-Chair of the Committee
on Learning Science in Informal Environments of the National Research Council
(NRC), the operating arm of the National Academy of Sciences, National Academy
of Engineering, and the Institute of Medicine of the National Academies.

In the following statement I will briefly describe what research tells us about how
and why people learn science in informal environments, what role informal environ-
ments can play in broadening participation in STEM fields, and what priorities exist
for research and evaluation related to informal science education. Let me start by
stating that a synthesis of the research clearly indicates that informal learning envi-
ronments represent a crucial part of our society’s educational infrastructure for
STEM education. Informal learning environments routinely support significant
science learning for individuals of all ages from a broad variety of backgrounds in
ways that uniquely serve their personal and professional interests—and the broader
STEM-related interests of society as well. At the same time, additional research is
needed to better understand the cumulative effects of how people learn across for-
mal and informal learning environments, to better understand the influence of con-
temporary media on science learning, and to document how people from groups that
are under-represented in STEM fields learn science, which we take to be both a
basic and applied area of research. These inquiries can provide critical information
for developing better programs and experiences for learners.

I was asked to describe the work of my research group at the University of Wash-
ington and to summarize the conclusions and recommendations of the recent NRC
consensus study on Learning Science in Informal Environments. Let me start with
the research of my group as I think it sets the stage for summarizing the report.
Over the past five years the National Science Foundation has been supporting six
large-scale, long-term research centers around the country through the Science of
Learning Center program focused on advancing the frontiers of the sciences of learn-
ing through integrated, interdisciplinary research. I participate on the faculty lead-
ership team of one such center called the Learning in Informal and Formal Environ-
ments Center—or the LIFE Center—which is a collaboration primarily among re-
searchers at the University of Washington, Stanford University, and SRI Inter-
national. The scientific mission of the LIFE Center (ht¢tp:/ /life-slc.org/) is to docu-
ment the social foundations of how people learn across formal and informal learning
environments using cognitive, social and cultural, neurobiological, and develop-
mental perspectives on learning.
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LIFE has a portfolio of research studies that investigate STEM learning—includ-
ing how families engage in math learning in everyday activities like personal fi-
nance and health decisions, how youth develop expertise about technology, and how
young girls and boys develop stereotypes about academic subjects like math and
reading. We do that work across a broad range of venues for learning—from class-
rooms, science centers, aquaria, and zoos to after-school programs, Internet sites,
virtual spaces, hobby groups, and in the midst of family life. My research group in-
vestigates how youth and their families develop science and technology related ex-
pertise across a broad range of formal and informal environments, groups, and ac-
tivities in their lives. We construct finely detailed cultural and ecological accounts
of where, how, why, what, and with whom children learn over years with special
attention to knowledge and expertise that has real consequences for the youth and
families in our studies. We also conduct extended multi-week curriculum design
studies in elementary science classrooms in collaboration with teachers to test theo-
retical questions about how we can bridge what the children learn and do at home
with what they are learning at school. The fieldwork generates principles of learn-
ing that inform educational design principles that are tested in the context of class-
room instruction.

Our research takes place within multicultural, urban communities, and we are
strongly focused on understanding how to broaden participation in STEM learning
and activities. As we document how children learn across different settings, we have
found a surprising and troubling pattern where children pursue and engage in so-
phisticated STEM learning outside of school but where those interests and early
competencies are not recognized or built upon in the classroom. Just as one exam-
ple: we followed an elementary school-aged boy with significant expertise with me-
chanical systems—from building robotic kits at home and designing solutions to
complex puzzles at a science center—who, at school, was perceived as not being in-
terested in academic subjects. Such disconnects in learning between home and
school are putting these particular children at a higher risk of academic failure in
STEM. At the same time, many of the cases document how interest, personal identi-
fication with STEM endeavors, and practice with the tools of STEM disciplines are
sustained in important activities happening outside of school—while in summer pro-
grams at science centers and in collaborative activities with peers and parents. That
is, STEM academic achievement in school, although crucial, is only part of what is
needed to cultivate personal expertise in STEM—and the activities with which people
engage in informal learning environments are an equally crucial platform for STEM
learning. This point highlights the truly complementary role of schooling and infor-
mal learning environments in STEM learning.

Researchers in the LIFE center developed the following diagram to roughly char-
acterize the amount of time individuals spend in formal and informal learning envi-
ronments. The diagram highlights changes in this split between formal and informal
learning environments over the life course of the individual—what we call life-long
learning—-and it gives a sense of the breadth of different social settings in which
people spend time in daily life—what we refer to as life-wide learning. As it indi-
cates, the majority of our time is spent within the range of informal learning envi-
ronments in which we participate—in the “sea of blue” as we call it.

LIFELONG AND LIFEWIDE LEARNING
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The knowledge and practices of science shape people’s lives in fundamental ways.
It is increasingly understood that the science and technology enterprise plays a cru-
cial role in our economy as well as in our communities and in our personal lives.
This makes it imperative that we leverage informal learning to support workforce
development, civic participation in STEM issues and policy, and to promote sci-
entific literacy among all citizens.

Efforts to enhance the scientific capacity of society typically target schools and
focus on such strategies as improving science curriculum and teacher quality and
strengthening the STEM pipeline. What is often overlooked or underestimated is the
potential for science learning in non-school settings, where people actually spend the
majority of their time.

Beyond the schoolhouse door, opportunities for science learning abound. Each
year, tens of millions of Americans, young and old, explore and learn about science
by visiting informal learning institutions, participating in programs, and using
media to pursue their interests. Thousands of organizations dedicate themselves to
developing, documenting, and improving science learning in informal environments
for learners of all ages and backgrounds. Countless others choose to learn about
science topics in ways that serve their interests or needs and engage in science-re-
lated hobbies with others who share their interests. So, if we ask the crucial ques-
tion: Where do people learn science? The answer is everywhere—in ways that we
only partially understand.

The National Science Foundation funded a consensus study through their Infor-
mal Science Education program with the Board on Science Education at the Na-
tional Research Council with the goal of synthesizing the existing research about
how people learn science in informal environments. The Board on Science Education
at the NRC is an advisor to the Nation on all issues of science education and
oversaw the project. In response, the Committee on Science Learning in Informal
Environments was established to examine the potential of non-school settings for
science learning. The committee, comprised of 14 experts in science, education, psy-
chology, media, and informal education, conducted a broad review of the literatures
that inform learning science in informal environments. The charge we were given
specifically included assessing the evidence of science learning across settings, for
different age groups, and over different time frames. We were asked to identify the
qualities of learning experiences that are unique to informal environments and to
explore the relationship between the science learning that happens in informal envi-
ronments and the learning that goes on within school. And we were also asked to
develop an agenda for research and development related to how and why people
learn science in informal environments.

The committee organized its analysis by looking at the places where science learn-
ing occurs as well as cross-cutting features of informal learning environments. The
“places” that we considered included: everyday experiences—like hiking, pursuing a
hobby, or farming; designed settings—such as visiting a science center, zoo, aquar-
ium, botanical garden, planetarium; and educational programs—such as after-school
or summer science programs for youth, environmental monitoring experiences for
citizens, or Elderhostel and senior center programs for elders. We also examined
cross-cutting features that shape informal environments including: the role of media
as a context and tool for learning and the opportunities these environments provide
for broadening participation in STEM for individuals from diverse communities that
are historically under-represented in STEM fields.

A critical missing piece in this area of research and development is a clear state-
ment of goals that are appropriate for these settings and which can be measured.
The committee developed and used a “strands of science learning” framework that
articulates science-specific capabilities supported by informal environments. It
builds on the framework developed for K-8 science learning in the NRC Taking
Science to School report from 2007. The six strands illustrate how schools and infor-
mal environments can support complementary educational goals, and serve as a tool
for organizing and assessing science learning. The six interrelated aspects of science
learning covered by the strands reflect the field’s commitment to getting learners
to participate and connect to science as a stimulating, creative, and personally rel-
evant endeavor.

Our efforts to improve STEM education frequently focus on the importance of the
disciplinary content of science and how people come to understand scientific con-
cepts, principles, and established facts. The committee agreed that the knowledge
of science is an important outcome of science learning, but there is more to the
learning of science than understanding content. The other five strands help bring
a more complete image of learning into view. These broader dimensions of science
learning are necessary for developing interest in young learners. For example, early
interest in science is clearly associated with entry into STEM fields. In this vein,
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it is also crucial for people to develop science-related interests and to experience en-
joyment, to come to identify with science, to know how to develop and evaluate sci-
entific arguments and explanations of natural phenomena, to know how scientists
actually inquire and build new knowledge using specialized tools and equipment,
and to understand the multifaceted role of the institution of science in society.

The six science learning strands help us understand how learners in informal en-
vironments:

Strand 1: Experience excitement, interest, and motivation to learn about phe-
nomena in the natural and physical world.

Strand 2: Come to generate, understand, remember, and use concepts, expla-
nations, arguments, models and facts related to science.

Strand 3: Manipulate, test, explore, predict, question, observe, and make sense
of the natural and physical world.

Strand 4: Reflect on science as a way of knowing; on processes, concepts, and
institutions of science; and on their own process of learning about phenomena.

Strand 5: Participate in scientific activities and learning practices with others,
using scientific language and tools.

Strand 6: Think about themselves as science learners and develop an identity
as someone who knows about, uses, and sometimes contributes to science.

With this multi-dimensional definition of science learning, we then explored the
question: What is the contribution of informal environments towards these out-
comes? The report describes the state of our knowledge about how the strands of
science learning are supported across the different informal learning environments.
For example, educational television and museum experiences can support conceptual
learning. Family conversations can help children learn to produce scientific con-
versations. After-school programs can give learners access to learning to use the
specialized tools of science and support the learning of science content. Prior knowl-
edge, interest, and identity—long understood as integral to the learning process—
are especially important in informal learning environments, where opportunities to
learn can be fleeting, episodic, and strongly learner-driven. At any point in the life
span, learners have knowledge and interests, which—given opportunities and sup-
port—they can develop into for further science learning. This includes their comfort
and familiarity with science. Although learners’ knowledge may remain tacit and
may not always be scientifically accurate, it can serve as the basis for more sophisti-
cated learning over time. Educators can support learners of all ages by intentionally
querying, drawing on, and extending their interests, ideas about self, and knowl-
edge.

So, do people learn science in non-school settings? This is a critical question for
policy makers, practitioners, and researchers alike—and the answer is yes. The com-
mittee found abundant evidence that across all venues—everyday experiences, de-
signed settings, and educational programs—individuals of all ages learn science in
significant ways. We know from vast literatures in the science of learning field on
cognition and development that sophisticated learning only results from concerted
effort and sustained practice. It is crucial for us to recognize and understand how
such learning and expertise gets supported and cultivated across the settings and
pursuits in a person’s life. Understanding the cumulative effects of STEM learning
as it occurs across formal and informal learning environments is a high-priority
area for future research.

Virtually all people of all ages and backgrounds engage in informal science learn-
ing in the course of daily life. Informal environments can stimulate science interest,
build learners’ scientific knowledge and skill, and—perhaps most importantly—help
people learn to be more comfortable and confident in their relationship with science.
Researchers and educators interested in informal settings are typically committed
to open participation in science: building and understanding science learning experi-
ences that render science accessible to a broad range of learners and in ways that
serve their interests.

Everyday experiences can support science learning for virtually all people in re-
sponse to the interests and needs that matter most to them—including environ-
mental risks, health decisions, and appreciation of the natural world. If educators
can attend more deeply to the ways in which people already intersect with science
and technology in their lives then our educational efforts will be more powerful and
meaningful.

Designed spaces—including museums, science centers, zoos, aquariums, botanical
gardens, and environmental centers—can also support science learning. Rich with
real-world phenomena and unique learning experiences, these are places where peo-
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ple can pursue and develop science interests, engage in science inquiry, and reflect
on their experiences through sense-making conversations.

Educational programs focused on science learning take place in schools and com-
munity-based and science-rich organizations and include sustained, self-organized
activities of science enthusiasts. Such programs are growing in number, with the
support of significant federal funding, and there is mounting evidence that struc-
tured, non-school science programs can feed or stimulate the science-specific inter-
ests of adults and children, may positively influence academic achievement for stu-
dents, and may expand participants’ sense of future science career options.

Science media, in the form of radio, television, the Internet, and hand-held de-
vices, are increasingly pervasive and make science information increasingly avail-
able to people across venues for science learning. Science media, especially inter-
active forms that are web-based, are fundamentally changing people’s engagement
with science and offer new ways to support science learning. Although the evidence
is strong for the impact of educational television on science learning, substantially
less empirical evidence exists on the impact of other media—digital media, gaming,
radio—on science learning specifically. There is good reason to believe that such
media are increasingly supporting science learning, but we need more research fo-
cused on how and why people learn science specifically through interactive and so-
cial media.

What role can informal learning environments play in broadening participation
and promoting diversity in STEM fields? A report on diversity and learning recently
edited Professor James Banks from the University of Washington states: “Being
born into a racial majority group with high levels of economic and social resources—
or into a group that has historically been marginalized with low levels of economic
and social resources—results in very different lived experiences that include un-
equal learning opportunities, challenges, and potential risks for learning and devel-
opment.”

The committee recognized that there is increasing interest in the informal learn-
ing research and practitioner fields for understanding cultural variability among
learners and its implications: how learners participate in science in relation to the
values, attitudes, histories, and practices of their communities and those of science.

Studies suggest that informal environments for science learning may be particu-
larly effective for youth from historically non-dominant groups—groups with limited
soctal and political status in society who are often marginalized in educational expe-
riences. For example, evaluations of museum-based and after-school programs sug-
gest that these experiences can support academic gains for children and youth from
historically non-dominant groups. These successes often draw on local issues and
the prior interests of participants—for instance, by integrating science learning and
service to the community. Similarly, case studies of community science programs
targeting participation of youth from historically non-dominant groups—such as
children in Native American or recent immigrant communities—document partici-
pants’ sustained, sophisticated engagement with science and sustained influence on
school science course selection and career choices. In these programs, children and
youth play an active role in shaping the subject and process of inquiry, which may
include local health or environmental issues about which they subsequently educate
the community. Equally interesting in these contexts is the cross-generational learn-
ing—the ways in which informal learning opportunities help connect children, par-
ents, grandparents, and other community elders.

Many designers in informal science learning are making efforts to address in-
equity and wish to partner with members of diverse communities. Effective strate-
gies for organizing partnerships include identifying shared goals; designing experi-
ences around issues of local relevance; taking the everyday patterns of participation
of learners into account; and designing experiences that satisfy the values and
norms and reflect the practices of all partners. These efforts merit replication and
further study, including analysis of how science-rich institutions can collaborate
with and serve community-based organizations and how these programs support
and sustain participants’ engagement.

To understand whether, how, or when learning occurs, good outcome measures
are necessary, yet efforts to define outcomes for science learning in informal settings
have often been controversial. At times, researchers and practitioners have adopted
the same tools and measures of achievement used in school settings. In some in-
stances, public and private funding for informal education has even required such
academic achievement measures. Yet traditional academic achievement outcomes
are limited. Although they may facilitate coordination between informal environ-
ments and schools, they fail to reflect the defining characteristics of informal envi-
ronments in three ways. Many academic achievement outcomes (1) do not encom-
pass the range of capabilities that informal settings can promote; (2) violate critical
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assumptions about these settings, such as their focus on leisure-based or voluntary
experiences and non-standardized curriculum; and (3) are not designed for the
breadth of participants, many of whom are not K-12 students.

The challenge of developing clear and reasonable goals for learning science in in-
formal environments is compounded by the real or perceived encroachment of a
school agenda on such settings. This has led some to eschew formalized outcomes
altogether and to embrace learner-defined outcomes instead. The committee’s view
is that it is unproductive to blindly adopt either purely academic goals or purely
subjective learning goals. Instead, the committee prefers a third course that com-
bines a variety of specialized science learning goals used in research and practice—
for example, the six strands of science learning developed in the report.

In closing, the following are some high-priority policy considerations related to re-
search on the role of informal learning environments in STEM education:

o There should be sustained support for high-quality informal programs and ex-
periences that focus on STEM, whether they occur in museums, aquaria, zoos,
science and technology centers, botanical gardens, in out-of-school program
settings or other informal efforts. Significant and unique science learning
occur in these venues—in ways that can be leveraged to support school-based
academic outcomes and in ways that represent important experiences with
STEM disciplinary fields as an end in and of themselves. The report offers
guidance for how these activities should be evaluated and studied so that we
can gain a better understanding of how and when they succeed.

Although it is important to understand the impact of informal environments,
a more important question may be how science learning occurs across the
range of formal and informal environments. The science learning literatures
and fields are segmented (e.g., into school learning, informal education) in
ways that are at odds with how people routinely traverse settings and can
engage in learning activities across settings. Thus, research should attempt
to explore learners’ longer-term, cross-cutting (or “life-wide”) learning experi-
ences. Further work should increase understanding of the connections or bar-
riers in learning between more formal and more informal science learning en-
vironments. These inquiries can provide critical information for developing
better programs and experiences for learners.

e Media, in particular television and Internet resources, are the most sought-
out tool for learning about science. Through various forms of digital media—
blogs, virtual spaces, wikis, serious games, RSS feeds, etc.—access to sci-
entific ideas and information and knowledgeable others has become, if not
pervasive, at least widespread. Arguments about the transformative power of
media for informal science learning are based on very modest evidence and
warrant further investigation. Research on the impact of media is needed to
understand how the unique features of media can support different aspects
of science learning (e.g., the six strands).

e The committee concluded that informal learning environments may be par-
ticularly important for science learning for diverse groups. Research exists on
how specific groups can come to participate in specific venues, but questions
remain about how to best empower science learning for diverse groups
through informal learning environments. There is variability in the success
of these environments in attracting and engaging diverse audiences. We be-
lieve that a better understanding of the naturally occurring science learning
in historically non-dominant and dominant cultures is needed to inform basic
theory about learning and to inform the design of learning experiences that
meaningfully attend to the cultural practices of diverse communities.

Thank you for the opportunity to present to the Subcommittee on this important
set of topics. I look forward to your questions and comments.

BIOGRAPHY FOR PHILIP BELL

Philip Bell pursues a cognitive and cultural program of research across diverse
environments focused on how people learn in ways that are personally consequential
to them. He is an associate professor of the Learning Sciences at the University of
Washington and the Geda and Phil Condit Professor of Science and Mathematics
Education, and he directs the ethnographic and design-based research of the Every-
day Science and Technology Group (http://everydaycognition.org). He also directs
the University of Washington Institute for Science and Mathematics Education fo-
cused on coordinating P-20 education efforts across the University. Bell has studied
everyday expertise and cognition in science and health, the design and use of novel
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learning technologies in science classrooms, children’s argumentation, culturally re-
sponsive science instruction, the use of emerging digital technologies within youth
culture, and new approaches to inquiry instruction in science. He is a Co-Lead of
the Learning in Informal and Formal Environments (LIFE) Center (http://life-
slc.org/) and is a Co-PI of COSEE-Ocean Learning Communities (http:/ /cosee-
olc.org/). Bell serves as a member of the Board on Science Education with the Na-
tional Academy of Sciences and co-chairs the National Research Council Consensus
Committee on Learning Science in Informal Environments. He has a background in
human cognition and development, science education, computer science, and elec-
trical engineering.

Chair LipINsKI. Thank you, Dr. Bell, and Ms. Ingram.

STATEMENT OF MS. ANDREA J. INGRAM, VICE PRESIDENT,
EDUCATION AND GUEST SERVICES, MUSEUM OF SCIENCE
AND INDUSTRY, CHICAGO

Ms. INGRAM. Thank you, Chairman, and Members of the Sub-
committee, and thank you for inviting us here today to speak with
you. I would also like to thank NSF and Dr. Bell and his co-authors
for investing their time and thoughtfulness in producing this report
that is so important. It informs our efforts.

As you know, which is why we are here, science and technology
are critically important to human well-being, economic growth and
a sustainable environment. America’s social and economic future
depends on new generations of scientists who can help sustain our
legacy of innovation and science leadership.

Our schools cannot do this alone. Wonderful, inspirational and
important resources exist outside of the classroom in our national
laboratories and our universities and our museums, in our zoos,
and in our libraries.

If we share the objective of supporting science achievement to
create our next generation of innovators, then we must ensure that
these resources are well-aligned to support the engagement and ex-
cellence of our youth in science. When we adopt this shared objec-
tive, the lines distinguishing between formal and informal edu-
cation become blurred and lose relevance. What we have are a vari-
ety of learning strategies and a variety of tools all targeted to en-
sure broad access, opportunity and success in the sciences.

At the Museum of Science and Industry in Chicago, we have em-
braced this shared objective and have designed our historic trans-
formation to reflect this new direction. We are unified in our com-
mitment as an institution to become an esteemed educational insti-
tution that will play a critical role in the advancement of science
education. And with that recognition, we have adopted the vision
to inspire and motivate children to achieve their full potential in
the fields of science, technology, medicine, and engineering. And in
doing so, we have recognized that in order to overcome this quiet
crisis in our scientists and engineers in the United States, we must
diversify and broaden those who are engaged and inspired into ca-
reers in the sciences.

So in adopting that vision and taking this new direction, that
means that we have changed our practices in the designs of our ex-
hibits and how we extend the reach of those exhibitions through
programming, and in our view, of our collaborative leadership role.
In our exhibitions, we have intentionally adopted an integrated ap-
proach in which our education teams participate in our exhibit de-
sign process to ensure that the content embedded in the exhibitions
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is aligned with national, international, and local learning stand-
ards and objectives so that they can be broadly used as tools to en-
hance science achievement in the classroom. We have reflected on
and embedded the Atlas of Science Literacy created by the Amer-
ican Association for the Advancement of Science, Project 2061, and
in doing so, our tools will become world-class instruments to ad-
vance science education.

Through our Center for the Advancement of Science Education,
which we have newly formed as part of this transformation, we ex-
tend the content of our exhibitions to where our guests and youth
are. That means that within our museum, we have now poised our
staff to engage in fun, inspirational ways with our guests around
the content to give them an opportunity for contextual learning, to
have fun, to provide the inspiration for which we are known, but
to provide them with minds-on, hands-on experiences. These oppor-
tunities are now available for our 1.5 million visitors a year almost
and to the nearly 300,000 students that visit us on field trips.

Our vision tells us to do more, though, with a series of commu-
nity initiatives. We work with 57 community organizations
throughout Chicago. We have developed the Institute for Quality
Science Teaching in which we support the capacity and competency
of our science teachers in our local school districts, and we have ac-
cepted a collaborative leadership role because none of this happens
without partners. So in our Institute for Quality Teaching, that
means we work with our universities to ensure the ability of our
teachers to receive credit hours and endorsements through Science
Chicago, a collaborative effort with 140 partners throughout the
Chicago area. We have built awareness of the scientific resources
in the region and built connections to them. With this work, we
have the capacity to share with others how to really propel science
education through informal settings.

Thank you.

[The prepared statement of Ms. Ingram follows:]

PREPARED STATEMENT OF ANDREA J. INGRAM

Introduction

Science and technology are critically important to human well-being, economic
growth and a sustainable environment. In a technology-driven world, America’s so-
cial and economic future depends on new generations of scientists who can help sus-
tain our legacy of innovation and science leadership. However, increasing evidence
indicates that education and engagement in science is on the decline. The statistics
are dismal at national, State and local levels. By eighth grade, American students
have fallen behind the leading ten nations in science. By age 15, these youth are
behind 27 other nations in math skills. In Chicago, nearly two-thirds of fourth grad-
ers failed to display even the most basic level of science knowledge and skills on
the National Assessment of Educational Progress (NAEP) in 2005.

Americans recognize the importance of this issue. “The State of Science in Amer-
ica”! national survey conducted by Harris Interactive® on behalf of the Museum of
Science and industry found:

e 70 percent believe America has lost its edge in science, and only 35 percent
think the U.S. will be the world leader in science in the next 20 years.

e 87 percent agree that science is important and that they personally benefit
from it every day.

1Museum of Science and Industry. (2008). The State of Science in America. Conducted by Har-
ris Interactive. www.stateofscience.org
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e 79 percent believe science is not receiving the level of attention it deserves
in our nation’s schools.

e 87 percent agree that, as a nation, we must begin to devote more funding to-
ward science education.

At a time when schools face shrinking resources and growing demands, reversing
this trend depends on leadership from civic institutions that partner with families,
communities and schools.

Informal learning institutions such as the Museum of Science and Industry are
ideally positioned for this leadership role. Our strategic vision, robust education pro-
gramming, and inspirational exhibits linked to classroom curriculum make our Mu-
seum and others like us natural partners in improving science education. Museums
are visited by millions of schoolchildren every year; at the Museum of Science and
Industry, over 260,000 students came on field trips in 2008, and tens of thousands
more visit with their parents.

Several years ago, the Museum of Science and Industry convened a group of civic
leaders, scientists, educators and national experts from many disciplines to brain-
storm new ways to teach and inspire children, spark innovation and explore new
scientific frontiers. We developed a bold plan to help us realize our vision, which
is to inspire and motivate our children to reach their full potential in the fields of
science, technology, medicine and engineering. This plan includes three strategies:

e Place educational programming at the heart of the Museum of Science and
Industry experience by developing and expanding the Museum’s Center for
the Advancement of Science Education.

e Provide spectacular, transformative exhibitions that grab attention and lead
to learning.

e Enhance the experience of Museum guests by presenting a unique, dynamic
visit that engages people in interactive science experiences that make learn-
ing fun.

As a result, the Museum is revolutionizing the way we reach out to students,
teachers, the community and school systems. Our Center for the Advancement of
Science Education works with our local school systems—especially the Chicago Pub-
lic Schools—and collaborates with some of the best minds and institutions focused
on science and education, making the Museum of Science and Industry a laboratory
for the development of science learning and teacher professional development pro-

ams.

The Center’s programming aims to shape the attitudes about and participation in
science by minority youth during their middle- and high-school years. The short-
term goal is to increase awareness, interest, and participation in science, and
longer-term goals include influencing youth to choose STEM careers, sustaining a
supportive climate at the community level for science engagement and participation,
and facilitating high-quality science teaching and learning in schools. The Museum’s
approach is multifaceted and targets students, teachers, community organizations,
and families at a community-wide level. We are also a proving ground, thoroughly
analyzing and evaluating our programs and implementing the best ideas.

Research indicates it’s critical to align educational programs for students and pro-
fessional development opportunities for teachers to classroom curriculum to ensure
that programs directly impact learning.2 An inquiry-based science curriculum helps
bridge school science and real-world experiences.? Studies show that when this ap-
proach is incorporated in science teaching, students (and particularly historically
under-served minority students) score higher on science achievement tests, have im-
proved science process skills, and have more positive attitudes toward science than
students taught using only a traditional approach.4> The Museum of Science and
Industry makes sure the content of our workshops for students and teachers meets
state and national learning standards in science. Using Illinois Learning Standards
in science and the Atlas of Science Literacy created by the American Association for
the Advancement of Science’s Project 2061, we match program content to what stu-

2“Teaching Teachers: Professional Development to Improve Student Achievement,” Research
Points, American Education Research Association, Summer 2005, Vol. 3 Issue 1.

3National Research Council. (1996). National Science Education Standards. National Com-
glittee on Science Education Standards and Assessment. Washington, D.C.: National Academy

ress.

4Basu, S., and Calabrese-Barton, A. (2007). Developing a sustained interest in science among
urban minority youth. Journal of Research in Science Teaching, 44(3), 466—489.

5Gibson, H., and Chase, C. (2002). Longitudinal impact of an inquiry-based science program
on middle school students’ attitudes towards science. Science Education, 86(5), 693-705.
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dents need to learn as they move from kindergarten through 12th grade. Our efforts
have been recognized by AAAS Project 2061, which enlisted our help to develop and
host an upcoming workshop for science museum staff called “Using Atlas of Science
Literacy in Informal Science Learning Settings.”

Educational Programming Inspires and Informs

The Museum of Science and Industry has placed education at the center of what
we do. We are no longer a museum with an “education department”; we are an edu-
cational institution. As cross-disciplinary teams, we develop and implement a vari-
ety of strategies to engage and inspire our audiences through our exhibitions and
programming.

We currently have three new permanent exhibitions under design and develop-
ment. We have taken a materially different approach by integrating education ex-
perts onto the design teams to ensure the content is developmentally appropriate
for our youth audiences, includes content that corresponds to classroom learning
standards, and reflects evidence-based practices on learning. For example, Science
Storms, a new exhibition under construction, will use seven iconic natural phe-
nomena—avalanches, tornadoes, sunlight, tsunamis, atoms in motion, lightning and
fire—to teach principles of physics and chemistry. One-of-a-kind science experi-
ences—such as measuring wind speed, humidity and temperature while standing in-
side a 40-foot tornado or creating lightning indoors with a 23-foot Tesla coil—will
make the exhibition a living laboratory for students on field trips. The experiences
and exhibitions being created will not only make the Museum a premier global des-
tination, but will become imperative learning tools for advancing science education.

The Museum recognizes that teachers, mentors, parents, other caregivers, and
peers all play critical roles in supporting a young person’s access to and enthusiasm
for science learning. By taking a comprehensive approach to science education, we
aim to connect the Museum and the community in a sustainable partnership where
learning takes place in many different locations. To this end, programs offered by
the Museum’s Center for the Advancement of Science Education are designed to ex-
tend the content of our exhibitions through strategies that empower teachers, en-
gage the community, and excite students. Initiatives reach beyond the Museum
walls into schools and community organizations across the Chicago area. Programs
are designed to provide much-needed support to teachers, reach children in a vari-
ety of settings, and make it easy to participate.

Teacher Professional Development Programs

Effective classroom teaching is critical to helping children develop the essential
thinking skills they need to weigh evidence, solve problems, balance risks and re-
wards, and make sense of their environment. In the Museum’s new Institute for
Quality Science Teaching (IQST), middle-school science teachers dive into profes-
sional development workshops where they explore science topics relevant to their
classroom science curriculum and return to the classroom with new ideas, greater
confidence and the resources they need to make science engaging for their students.
Our focus is on enabling teachers who are in the classroom today and creating a
pipeline of quality teachers with the skills to inspire passion and excitement of
about science. More than 1,000 teachers attend IQST programs each year, ulti-
mately impacting science education for an estimated 30,000 students annually.®

Our goal is to provide quality professional development while working with the
Chicago Public Schools (CPS) towards placing a content-qualified teacher in every
middle grades science classroom. CPS recently adopted a policy that will require
that all middle-school teachers who teach science must have a science endorsement.
We work in partnership with CPS to reach that goal and do it in a way that ensures
the endorsement is of a quality that will have an impact on classroom achievement.
For three years the IQST at the Museum’s Center for the Advancement of Science
Education has tested and learned from partnerships with institutions of higher
learning to determine what model works most effectively for the teachers and the
achievement of their students.

a) National Louis University: The College of Education at National Louis
University offers course credit ranging from one to three credit hours for
IQST programs. Participants in summer institutes offered in partnership
with Golden Apple Foundation can earn one hour while teachers in one of

6In the 2007-2008 academic year a total of over 300 teachers participated in IQST programs
certified for one to three credit hours with an additional 450 participating in more targeted half-
day to full-day workshops. Over 250 additional teachers participate in events designed to inform
and deepen the relationship amongst science teachers.
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our year-long workshop series can earn three hours. Credits are widely
transferable. Teachers must register with National Louis and pay tuition.
Even when this was the only option offered in the 2007-2008 academic year,
few teachers participated as the tuition is viewed as prohibitive.

Illinois Institute of Technology (IIT): Through this collaboration, three
hours of graduate course credit is offered at a reduced tuition rate of $100
per credit hour. Nearly one-third of the teachers in our core teacher profes-
sional development series in 2008-2009 elected to enroll with IIT. Teacher
participants selecting this option are responsible for paying all tuition costs.
IQST and IIT are working towards a joint endorsement program. The pro-
gram will enable teachers to enroll in a combination of IQST programs and
IIT courses that would lead to a science endorsement with an option to add
a middle grades endorsement. The planning for this project will continue
through 2009, with the potential to launch the new endorsement program
during 2010. Upon evaluating the success of the endorsement program, an
option for a joint Master’s may be considered.
c¢) Loyola University: The Museum is a partner with the Center for Math and
Science Education at Loyola University Chicago in a planning grant received
from the Illinois Board of Higher Education. Through this partnership, IQST
will offer its professional development programs and other approved courses
as part of new degree programs leading to a Master’s in either Chemistry
Education or Earth and Space Science Education. Loyola will be the first in
the area to offer content-specific science education degrees including content
and grade level endorsements. The Museum’s component of the course work
is anticipated to begin in 2010.
d) Other partnerships: In addition, IQST is approved to grant Continuing
Professional Development Units (CPDUs) through the Illinois State Board
of Education and approved to offer CPS Lane Placement Credits to teachers
participating in its programs.

b

~

Credentials themselves are not enough. With our partners we work to ensure that
our instruction will have an impact on student science achievement.

The Museum’s professional development workshops are designed to increase
teachers’ knowledge of science content, improve their teaching skills and dem-
onstrate how to use museum programs and exhibits to enhance science curriculum.
We offer a year-long workshop series targeting 4th through 8th grade educators
with limited experience teaching science. Currently we run two concurrent series:

o Get Energized! explores concepts related to energy, such as energy trans-
formation and conversion, electricity, sound, light, heat and more. Activities
include a ball drop from a three-story balcony to demonstrate potential and
kinetic energy, dissecting flashlights, creating circuit boards from everyday
materials and more.

o City Science focuses on topics such as city ecology, the science behind struc-
tures, developing cities of the future and more. Activities include exploring
the school yard ecosystem, studying types of pollution, constructing buildings
and more.

The menu of topics is being expanded and soon will include five distinct courses.

Success depends not just on the right content but evidence-based delivery prac-
tices. We focus on building whole school engagement and teacher communities. Prin-
cipals must be on board and benefits are conferred that can extend beyond the indi-
vidual teachers who are enrolled. Teachers are recruited in pairs to ensure shared
resources and continuity within schools, and most are from Chicago Public Schools.
The program targets schools most in need of resources—42 of the 50 schools partici-
pating in the 2008—-2009 school year largely serve low-income children.

Teachers attend five day-long sessions a year, where Museum educators present
topic-focused, inquiry-based, hands-on science activities. To improve accessibility,
the Museum has identified and removed barriers to participation. Workshops are of-
fered at no cost, content is aligned with Illinois Learning Standards in science,
teachers receive continuing education credit, and the Museum funds the cost of a
substitute teacher for sessions held on school days. Teachers receive lesson plans,
all the materials they need to replicate the activities in their classrooms, and a class
field trip that includes funding for buses and an educational program for school
groups. The Museum’s collaboration with IIT also offers teachers in the workshop
series three hours of graduate course credit at a reduced tuition rate.

Teachers credit the workshops with showing them how to make science fun and
exciting for their students. They say the comprehensive lesson plans, materials and
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interactive training sessions provide exactly what they need to help their students
learn science. Here’s just some of the feedback we’ve received:

“I came into teaching not wanting to touch science with a 10-foot pole, and not
having the know-how to do so anyway. I really credit your professional develop-
ment programs with completely changing that. The training, the materials, the
lesson plans, everything has been exactly what a teacher needs. I for one have
learned to love science (and know a lot more about teaching inquiry and assess-
ment) and have decided to make science education my full focus. So again,
thank you for helping inspire and prepare me for this challenge. The museum
is a great resource to the kids in Chicago and I have not seen any other institu-
tion do so much to make its offerings so available and accessible to the commu-
nity.”

—LEric Santos, Fulton Elementary School, Chicago

“This is my first year teaching and I'm doing so in areas that are outside of
my original certification. Although I now see myself as a science teacher, I still
lack many tools of the trade, since I never took a science methods class or stu-
dent taught under a science mentor. Because I'm teaching 8th grade physical
science this year, the Get Energized workshops have been exceedingly valuable
in making up for those deficiencies. The lessons are really approachable and
easy to implement, and the focus on inquiry fits my teaching philosophy .

The supplemental resources have been great as well. I cannot get over the lab
materials we receive after each session. It’s amazing to be able to bring those
bins back to school and know that I can dig into my new lessons starting Mon-
day. It demonstrates how complete the program is, given that you give us cur-
ricula, guide us during the workshops in how we may teach many of the les-
sons, and give us everything we need to put them to use in the classroom.”

—Melissa Resh, Young Women’s Leadership Charter School, Chicago

Community Initiatives

The Museum of Science and Industry is creating programs that expand our role
in a community. New partnerships with schools and community organizations are
extending science engagement beyond the classroom and Museum walls into places
where students already spend their time after school. As a result, children and
teens from diverse backgrounds get an opportunity to discover new interests, de-
velop new skills, prepare for college, and learn about careers in science and engi-
neering. The focus of the Science Minors series of programs is on children and teens
in the community who are in need of new opportunities. The series includes three
levels of engagement which reach over 5,000 students each year.

The Museum partners with schools and community-based organizations to offer
pre-teen students early, hands-on exposure to science through after-school Science
Minors Clubs. The program aims to increase science literacy and interest in science
in under-served neighborhoods. Currently, there are 57 sites throughout the Chicago
region and Northwest Indiana that serve about 4,700 students. Participating organi-
zations receive science curriculum modules, training and on-site support, materials
for hands-on activities, and a field trip and Family Day at the Museum. The clubs
emphasize informal learning that builds curiosity and encourages teamwork. Out-
of-school time science programs are associated with more positive attitudes toward
science and increased interest in science careers.”

In the second level, teens in the Science Minors youth development program at-
tend 10 weeks of science education and training by Museum staff and outside sci-
entists and volunteer to demonstrate science experiments for Museum guests.
Throughout their work, Science Minors gain a better understanding of science, a
first-hand look at science career opportunities, and public speaking skills. Since the
program’s debut in 2003, about 400 teens have participated.

In the third and most engaging level, Science Achievers deepen their work with
the Museum by pursuing more rigorous science topics and preparing for college and
careers. These teens participate in internships, mentor new classes of Science Mi-
nors and even facilitate Science Minors Clubs themselves. They have access to more
advanced science experiences and receive additional college and career readiness.
This program is based on research that indicates programs that incorporate role

7National Research Council. (2009). Learning Science in Informal Environments: People,
Places, and Pursuits. Committee on Learning Science in Informal Environments. Philip Bell,
Bruce Lewenstein, Andrew W. Shouse, and Michael A. Feder, editors. Board on Science Edu’
cation, Center for Education, Division of Behavioral and Social Sciences and Education. Wash-
ington, DC: The National Academies Press.



32

models, internships, and college-preparation activities have been shown to increase
self-confidence and interest in STEM courses and careers, as well as improving
science knowledge and skills and graduation rates.8:9-10

The Museum’s community programs are designed as a pipeline that feed each
other. Students in science clubs can join Science Minors as teens and go on to be-
come Science Achievers, where they have the chance to go back and facilitate a
science club, creating a cycle that connects to the community. Students credit these
programs with showing them the range of science careers that exist, teaching them
to be effective public speakers and demonstrating the benefits of teamwork. After-
school program providers credit the program with exposing younger children to new
ideas and opportunities. Here’s some of the feedback we’ve received:

“Science is a challenge for our students, but the moment they get into it, be-
cause it’s so fun and hands-on and interactive, they look forward to it. After
school, they expect to have fun, but this program lets them learn, too. When
phey}}ovlez what they do here, that feeling transfers over to what theyre doing
in school.”

—dJose Sanchez, Senior Program Director, Miracle Center, Chicago

School Group Programs

Children are drawn to engaging, hands-on learning opportunities that allow them
to explore new ideas at their own pace. School groups visiting the Museum of
Science and Industry participate in inquiry-based Learning Labs, which use the Mu-
seum’s captivating spaces to investigate the science behind everyday life.

Learning Labs provide facilitated, focused, engaging learning experiences for
school groups. Over 16,000 students each year in grades 3 through 12 participate
in hands-on sessions led by Museum educators that are aligned with Illinois Learn-
ing Standards in science. Learning Labs have pre- and post-visit activities along
with additional resources to enhance what students learn once they return to their
classroom. Topics include renewable energy (where students build hydrogen fuel cell
cars to discover how some of the latest renewable energy resources work) and ad-
vanced forensics (where students use techniques such as DNA analysis, forensic an-
thropology and trace evidence analysis to solve a crime).

The Museum’s popular videoconference program connects an on-site classroom of
students with three other remote locations anywhere in the world. This technology
is a unique way to provide students on field trips with access to real science profes-
sionals. Live . . . from the Heart, the Museum’s premiere videoconferencing pro-
gram, offers students in grades 8 through 12 a dramatic exploration of the human
heart. Students watch live open-heart surgery being done at a Chicago-area hospital
and talk to the surgical team, ask questions about the procedure, get tips on keep-
ing their heart healthy and find out about exciting careers in medicine. Since the
program debuted in 2003, more than 17,000 students have participated. Demand for
the program is high; all sessions are booked before the school year begins, and more
than 40 schools are on the waiting list.

Civic Leadership in Advancing Science Education

Building on its robust set of programs, the Museum of Science and Industry is
leading a collaborative effort to broadly impact science education. Science Chicago
is a collaboration of more than 140 public and private institutions that have come
together to present the world’s largest science celebration. Designed to awaken the
inner scientist in each and every one of us, thousands of dynamic and interactive
activities provide hands-on learning; spur thoughtful debate; enhance classroom
learning; and build enthusiasm for the pursuit of cutting-edge science while estab-
lishing the critical value of science and math education.

Our vision is to awaken Chicagoans to the wonders of our region’s scientific re-
sources and the importance of science to our future. We have worked to create a
strategic framework connecting people, organizations, and opportunities to Chicago’s
wealth of science and technology resources. Our goal is to accomplish this vision by

8Darke, K., Clewell, B., & Sevo, R. (2002). Meeting the challenge: The impact of the National
Science Foundation’s Program for Women and Girls. Journal of Women and Minorities in
Science and Engineering, 8(3/4), 285-303.

9 Degenhart, S.H., Wingenbach, G.J., Dooley, K.E., Lindner, J.R., Mowen, D.L., & Johnson, L.
(2007). Middle school students’ attitudes toward pursuing careers in science, technology, engi-
neering and math. NACTA Journal, 51(1), 52-60.

10 Building Engineering and Science Talent. (2004). What it takes: Pre-K-12 design principles
to broaden participation in science, technology, engineering, and mathematics. Available at
wwuw.bestworkforce.org | publications.htm
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creating an organizational and programmatic framework to achieve five overarching
goals:

e Engage young people in the fun, excitement and awe of science and inspire
them to consider careers in science and technology fields.

e Raise awareness of the importance of science in everyday life in the minds
of students, their parents and teachers—and thereby, the public at large.

Enlighten Chicagoans to the region’s vast science and technology assets.

Encourage partnership and collaboration between and among the science and
technology community and our target audience.

e Raise Chicago’s profile as a national leader in science and technology, and
promote the message that our city and region can and will continue to pros-
per because we are committed to supporting science and technology.

With the network built by the Museum of Science and Industry and the over 140
partner institutions that are part of Science Chicago, we have propelled the richness
of our region’s scientific resources to the forefront of public awareness and tapped
the advantages of connecting students and teachers to resources in the real and vir-
tual world through the web. We share an understanding of the critical importance
of content-prepared teachers in science classrooms and strategies to improve the
prevalence of such teachers in the Chicago Public Schools.

Our opportunity now is to leverage the strength of the Science Chicago partner-
ships and resources to enhance the quality of science instruction in the Chicago
Public Schools while continuing to serve as an important bridge between students,
families and communities and the rich scientific resources of the region. Fundamen-
tally, our goal is to provide broad opportunity to exceptional science achievement by
ensuring that CPS science curriculum is aligned with national and international
science achievement benchmarks and assessment, supporting CPS curriculum with
quality and well-aligned professional development programs, and aligning and
building access pathways to external resources.

Assessing Museums’ Impact and Role

The Museum of Science and Industry is committed to evaluating the success of
our educational programs. We have partnered with the Chapin Hall Center for Chil-
dren at the University of Chicago to assess the real impact our programs are having
on student achievement, and Chapin Hall has submitted a grant to the National
Science Foundation to help fund this effort.

Educational programs provide a platform for museums to provide credible leader-
ship in addressing the larger issues facing the advancement of science education.
With other museums, educators, universities and civic leaders, the Museum of
Science and industry is committed to addressing this challenge in a meaningful, sus-
tained manner. This means that we have committed people and resources to the pol-
icy evaluation and collaboration that will be required to move this issue of advanc-
ing science education from talk to action.

BIOGRAPHY FOR ANDREA J. INGRAM

Andrea Ingram, appointed in 2006, serves as Vice President for Education and
Guest Services at the Museum of Science and Industry. Ms. Ingram is responsible
for providing strategic vision and organizational management of division’s four de-
partments: Center for the Advancement of Science Education, Science Chicago,
Guest Experiences and Guest Operations. All staff, contractors and volunteers re-
sponsible for engaging with guests report to this division. In addition to all revenue
and retail based operations, the division’s work includes developing and delivering
experiences grounded in museum content through professional development of mid-
dle school science teachers; community based initiatives serving 4000 youth
throughout Chicago; Learning Lab experiences targeting nearly 300,000 annual stu-
dent guests, and facilitated exhibit and venue based experiences for Museum’s near-
ly 1.5 million annual guests. The division’s programming also provides a platform
for the Museum’s leadership role in advancing science education through public
awareness and engagement initiatives such as Science Chicago as well as partner-
ships with local school districts to improve student access and opportunity to science
achievement and careers.

Prior to joining the Museum, Ms. Ingram received an appointment to the execu-
tive management team of the Illinois Department of Children and Family Services
where she played a critical role in major strategic decisions and was instrumental
in the development and implementation of system wide initiatives. Prior to her ap-
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pointment at the State, Ingram worked at Voices for Illinois Children as the Direc-
tor of the Budget & Tax Policy Initiative. Ingram joined Voices after a decade of
practicing law in a business law firm in San Francisco in which she became a part-
ner. She has litigated cases in state and federal court involving contracts, real es-
tate transactions, intellectual property, financial fraud, employment law, and bank-
ruptcy and has significant trial experience.

Ingram holds a J.D. from the University of California, Davis and a B.A. in Justice
from The American University in Washington, D.C. She is licensed to practice law
in both Illinois and California.

Chair LiPINSKI. Thank you. Ready for Mr. Lippincott.

STATEMENT OF MR. ROBERT M. LIPPINCOTT, SENIOR VICE
PRESIDENT FOR EDUCATION, THE PUBLIC BROADCASTING
SERVICE (PBS)

Mr. LiPPINCOTT. Good morning, Chairman Lipinski, Ranking
Member Ehlers, and esteemed Members of the Subcommittee. My
name is Rob Lippincott, and I am Senior Vice President for Edu-
cation at PBS. As a former teacher, I greatly appreciate the oppor-
tunity to address the most effective role of informal environments
in STEM education.

Public Broadcasting was founded to lead in informal education
on the air, online, on the ground, guided by research, and actively
supporting educators. On the air, Public Broadcasting has been a
leader in educational television for more than 50 years. Available
free of charge to 99 percent of Americans’ television households,
PBS reaches more than 65 million people, 14 million of them kids,
each week, inviting them to experience the worlds of science, his-
tory, and public affairs.

Informal science education begins with our award-winning
science television programs, some of which you may recognize:
NOVA, Nature, Design Squad, Curious George, and most recently,
Sid the Science Kid. We even have Neil deGrasse Tyson, named the
sexiest astrophysicist alive by People magazine, hosting our NOVA
scienceNow magazine.

However, TV is only a small part of the informal education story.
Broadband access is dramatically changing the opportunities for
the Nation’s educators to improve STEM education. I want to share
two examples of how PBS is trying to use the web to support infor-
mal education, PBS Kids GO!, what we call a broadband channel,
and a project we call EDCAR, the Educational Digital Content
Asset Repository.

PBS Kids GO! is an online media portal which includes full-
length TV episodes, clips and games. I believe that this is the first
glimpse of what television may look like for all ages very soon.

[Video]

As you can see, kids are not just watching TV but playing with
the characters, learning through games, and exploring ideas. This
set of tools is a powerful first step in building STEM-savvy citizens.
We need to give students at every age and their teachers increased
resources to this kind of multi-modal learning.

EDCAR is a database of video and digital resources created by
public media producers and our partners in museum, university,
and research communities. By collecting and organizing the re-
sources and then aligning them to learning standards, we create
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the best STEM learning tools for use at home, at school, and in
every learning setting.

The first offering that we are creating is based on STEM for the
middle school. A teacher might use this kind of a lesson structured
with an introduction and objectives to select a learning chunk of
video, a small clip that has been cut to introduce—in this case a
lesson on the hydrosphere, a video called “Where is the water?” or
the teacher might select a very different kind of video asset or dig-
ital asset, this one based on two different images, one of the Muir
glacier in August of 1941, the other in August of 2004, which in
fact might lead students to want to look up this map of Arctic ice.

To truly make a difference in informal education efforts, we have
developed a 360-degree approach to children, literally trying to sur-
round them at home, school, and at play with learning opportuni-
ties in media. We are working to duplicate this success across
STEM disciplines. Recent findings from rigorous studies on
SuperWhy! and Between the Lions show clear and measurable
gains in every area targeted. This shows that PBS is able to use
media to move the needle and improve abilities of kids to learn.
Again, we will be working to duplicate this success that we have
had with literacy across STEM disciplines. Of course, if we really
want to change learning, both informal and formal in a lasting
way, we need to prepare our teachers and caregivers so they are
equipped and excited about sharing science. Through PBS
TeacherLine, an online professional development program, we are
building a how-to course for caregivers and early preschool and
after-school teachers.

[Video]

The reception of this course has been exceptional. For example,
North Dakota has approved this course for its childcare providers,
and this is working also in Arizona, Illinois, Louisiana, Minnesota,
Tennessee and Texas. This kind of anywhere, anytime, pajama-
compatible professional development is critical, and the consistent
theme across all of what we are doing is partnership, and I would
be happy to explain more.

Thank you very much.

[The prepared statement of Mr. Lippincott follows:]

PREPARED STATEMENT OF ROBERT M. LIPPINCOTT

Good morning, Chairman Lipinski, Ranking Member Ehlers and esteemed Mem-
bers of the Subcommittee. My name is Rob Lippincott, and I am Senior Vice Presi-
dent—Education for PBS—the Public Broadcasting Service. As a former teacher, I
greatly appreciate the opportunity to answer some of what I consider to be one of
the most important questions in education today—what is the most effective role of
informal environments in STEM Education?

There has never been a more critical time for both formal and informal science
education and the continuing need to improve the quality of math and science edu-
cation we provide our young people. Public broadcasting was founded to lead in the
development of educational media, particularly informal education.

I will use my time today to give you a few digital glimpses of some of the impor-
tant work PBS and the public media community is doing with respect to:

e The role of digital and electronic media in educating students

O “on the air” with our traditional television programming;

O “online” with some very exciting new media programming.

e The role informal education plays in broadening participation and promoting
diversity in STEM fields
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O

“on the ground” with a “360 degree” approach to community engagement;
Impact of research to build, deliver and assess programs;

The importance of teacher professional development to raise teacher ef-
fectiveness.

o O

e The role of partnerships with formal and informal education institutions.

The Role Digital and Electronic Media in STEM Education—On the Air

PBS’ best known role in informal education is an open, universally available
broadcast invitation, designed to do exactly what the newest of the 6 Strands of
Science Learning recommends in the recent National Academies of Science study—
Learning Science in Informal Environments: People, Places, and Pursuits: to “experi-
ence excitement, interest, and motivation to learn about phenomena in the natural
and physical world.”

We like to say that “we educate with everything that we do” and as a system-
wide survey shows, more than 97 percent of the 174 Public Broadcasting Service li-
censees use technology to deliver education services. For instance, Alabama Public
television offers every teacher in the state access to an array of media resources and
professional development in a web service called “APTPlus.”

There are many more examples as public broadcasting has been a leader in edu-
cational television for more than 50 years. With its 356 member stations and our
partnerships with community organizations and institutions of higher education in
virtually every state in the Nation, PBS offers all Americans the opportunity to ex-
plore new ideas and new worlds through television and online content. Available
free of charge to 99 percent of America’s television households, PBS reaches more
than 65 million people each week—14 million of them children—and invites them
to experience the worlds of science, history, nature and public affairs.

Among the many award winning science television programs you may recognize—
NOVA, Nature, Design Squad, Curious George, and, most recently, Sid the Science
Kid—are leaders and models. We even have Neil deGrasse Tyson, named the “sexi-
est astrophysicist alive” by People magazine, hosting NOVA scienceNow.

The Role of Digital and Electronic Media in STEM Education—Online

Television and on-air programs, however, are a small part of the entire informal
education story. Online broadband access and digital media is dramatically chang-
ir(lig the opportunities and challenges the Nation’s educators have to improve STEM
education.

PBS has two new online initiatives which I find compelling: the PBS Kids GO!
Broadband “channel” and a project we call EDCAR, the Educational Digital Content
Asset Repository.

The online sites which collectively comprise www.pbskids.org draw a growing au-
dience—now over nine million two- to eight-year-olds every month. The latest exper-
iment with the six- to eight-year-olds in this audience is called PBS Kids GO!, which
presents an online media portal including full length TV episodes, clips and games.
I believe that this is the first glimpse of what “television” will look like for all ages
soon. Let me show you a short sample: (PBS Kids GO! Clip).

As you can see, kids are not just watching TV, but playing with the characters,
learning through games and exploring ideas—this set of tools is a powerful first step
in building STEM savvy citizens!

I believe that we need to give students at every age and their teachers increased
access to this kind of learning resource. EDCAR is the project to build a comprehen-
sive public media database of the video and related digital resources that public
media producers and our partners in the museum, university, media and research
communities are creating across the Nation. By collecting, organizing and aligning
these resources to learning standards, we can create the best STEM learning tools
for use in school, at home and in every learning setting. This project is underway
with several dozen PBS stations and their partners. Let me give a very brief exam-
ple of some work we are testing with teachers: (EDCAR clip).

Research has shown the promise of systems like this and PBS is pursuing a first
offering focused on STEM skills for middle school learners. PBS and stations need
a core of national standards—in the words of the Council of Chief State School Of-
fers—“fewer, higher, clearer” academic standards to focus upon. And we need the
help of the educational research community to reveal the most critical goals and
best practices for us to target.

EDCAR will provide a unified reservoir of online content and services, accessible
and relevant to all of America’s. These materials are produced by producers, mem-
ber stations and partners across the public media community. The individual media
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assets and the array of related media which comprises their educational context, of-
fers every teacher and student a comprehensive curricular supplement in every sub-
ject from pre-school, to elementary school and through secondary school. The service
is presented locally. It is designed to assist educators achieve measurable improve-
ments in student achievement and be consistent and supportive of the standards set
by State and local educators.

With each member station working with the corresponding State education agen-
cy, all of the content will be directed to the most critical targets of each community’s
instructional core—with particular focus on those students at risk in our urban and
rural areas. The State education agencies will provide the standards which the
media addresses and will lead the implementation of the media services in its
schools and classrooms. The learning goals identified by the State education agen-
cies will specify the digital media produced by public media providers to fill out the
repository, allowing teachers in every part of the country to find and effectively use
the content that meets their students’ learning needs.

Role of Informal Education in Broadening Participation and Promoting Di-
versity—On the Ground

But in order to truly make a difference in informal educational efforts, we also
need to go well beyond the “push” technologies of television and online program de-
livery. Our best example is PBS Kids Raising Readers which targets early childhood
literacy where our best evidence of learning gains come from what we have called
a “360 degree” approach to children—literally surrounding them at home, school
and at play with learning opportunities and media. We hope to duplicate this suc-
cess across STEM disciplines.

PBS KIDS Raising Readers literacy initiative, generously supported by the U.S.
Department of Education in a partnership with the Corporation for Public Broad-
casting targeted specifically at under-served populations and minority groups. Ap-
pendix A reveals a full discussion of how PBS stations partner with schools, colleges
and community organizations nationwide (Public Television Stations: A Trusted
Source for Educating America, Jan. 2008).

The long-term goal is to achieve measurable results in improving literacy skills
of children in low-income families. We are working in 20 low socioeconomic strata
markets in order to build successful models that can be replicated across the coun-
try. PBS is also eager to spread this success to STEM—to use these proven best
practices in programming and engagement to broaden participation and promote di-
versity in every STEM discipline and field of activity.

The Role of Research

Educational media providers have learned to base all of their programming on
learning research, rigorously testing every part of broadcast and online offerings.
They must also now work with states to align media with recognized curricula and
State standards to ensure that these materials are suited for use in formal as well
as informal settings.

PBS measures the impact of its children’s series to ensure that they are accom-
plishing their goals. Very recent findings from key studies on two children’s series
designed to teach early literacy skills—SuperWhy! and Between the Lions—show
clear, measurable gains in every area targeted. The test results show that PBS is
able to move the needle and improve the abilities of kids to learn. Again, we will
be working to duplicate this success with literacy in targeted STEM disciplines.

The Role of Teacher Professional Development

But if we want to change learning—both formal and informal—in a lasting way,
we need to prepare our teachers and care givers so that they are equipped and ex-
cited about sharing science. We need to invite them to become guides and coaches
for learners and teachers of every STEM field.

We have some history in teacher professional development, but our most recent
work is what I find the most promising. Most recently, we are building “how to”
courses for pre-school and after-school teachers—caregivers, parents and early edu-
cators—to help them make every environment a learning environment. Let me show
you just a moment of what teachers see: (PBS TeacherLine “setting up your room”
clip).

PBS TeacherLine, an online professional development program funded through a
U.S. Department of Education Ready to Teach grant, has the goal of making profes-
sional development accessible, affordable and engaging for teachers and care givers.
I believe that this kind of “anytime/anywhere” professional development—we have
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called it “pajama-compatible” can help inspire and guide formal and informal STEM
learning at every age and in every discipline.

We offer more than 135 courses—35 in Science disciplines and 35 in Math. We
work with 23 colleges and universities in all 50 states, through 66 PBS stations.
(See Appendix B for a selected list of PBS TeacherLine partner universities and
community organizations). More than 42,000 educators have taken a course since
2004. Graduate credit-bearing courses help teachers remain certified. A growing set
of tools support teacher leaders in their professional learning communities. Recently
published research (in the Journal of Computing in Teacher Education, Fall 2008)
attests to the effectiveness of this medium to build teachers’ “competence and con-
fidence in instructional technology integration.”

The Role of Partnerships

A consistent theme I hope you have heard is “partnership.” PBS and its member
stations are only part of any collective effort to build a scientifically literate commu-
nity. The federal partnership is crucial in this process. PBS has received generous
support from the Department of Education for our Ready to Learn and Ready to
Teach initiatives. Last year the Ready to Compete Act which reauthorizes both of
these programs, was introduced by Congressman John Yarmuth from Kentucky. We
hope it will be introduced again in this new Congress and receive the strong support
we believe it deserves.

The kind of research, truly a scientific discipline and a burdensome cost to pro-
ducers, is critical to establishing the techniques and practices public media pro-
ducers need to serve educational goals. We continue to need academic and research
partners in universities and key government agencies, including the National
Science Foundation, the National Institutes for Health, NASA, and NOAA. We have
good working relationships with each of these agencies and strongly support their
programs.

Conclusion

I hope I have helped to make a case today for the importance of the role informal
environments play as well as the urgency of the effort to target science, technology,
engineering and mathematics learning. I see this as one of the most vital roles the
public media community has to play: on the air, online, on the ground, guided by
research, and actively supporting educators.

There is very promising evidence that media is a powerful way to facilitate learn-
ing in and out of the classroom. We need to apply the lessons we have learning pro-
ducing appealing television programs, effective educational media resources and
“360 degree” community engagement for topics like literacy to the urgent problems
of STEM education.

I want to close by once again expressing my appreciation to the Subcommittee for
the opportunity to appear today to discuss the role of informal science education.
The Academies’ new report suggests that there is strong evidence that we are on
the right track. But I think we would all agree that we still have a long way to
go to ensure all of our students have the scientific and technical literacy and know-
how needed to compete in today’s highly competitive marketplace. PBS and its
members are committed to playing an appropriate role using our resources and ac-
cess via the audiences we serve.

Thank you.
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