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February 23 (Friday)

February 24 (Saturday)

Theme :

. Sustainable science learning in collaboration
with museums and various sectors of society

Theme :

. Training programs for people who support
science learning in a community

9;30
9:40

9;40
10: 30

10;30
11:20

11;20
12:10

13;30
14:00

14;00
14:30

14;30
15:00

15;00
15:30

15;50
17 :10

18;00
19 : 30

Coordinator: Osamu Kamei The National Science Museum, Japan

Opening Remarks Masamine Sasaki: Director General, The
National Science Museum, Japan

Key content Katsuhiko Maeda: Director, Exhibition and
Education department, The National Science
Museum, Japan

[Keynote speech 1)
Emlyn Koster: Liberty Science Center, USA
"The public value of science museums - past, present and future”

[Keynote speech 2]
Brenton Honeyman: The National Science and Technology
Centre Canberra, Australia
"The Future of Learning - An Emerging Role for Science
Museums and Informal Learning Institutions"

[Keynote speech 3]

Hisao Baba: National Museum of Nature and Science, Tokyo
"Collaboration of Museum Activities from Research to
Exhibition"

[1] Seiji Iwasaki: The National Science Museum, Japan
"Concept of the NSM Schools Partnership Program"

[2] Naoki Tahara: Museum of Nature & Human Activities, Hyogo
"Formation of Regional Network of Museum
Collaboration Groups"

[3] Koji Takada: Marine World Umino-nakamichi
"Building an inter-regional Association System
through Practical Use of ICT through Examples from
Marine World"

[4] Yoshikazu Ogawa: The National Science Museum, Japan
"Current State and Possibilities of Universities
Partnership Project at National Science Museum"

[Opinion interchange)

[Round-table conference)
The communication by the participant

9;30
9:40

9;40
10:30

10:30
11:20

11:20
12:10

13;30
14:00

14: 00
14:30

14: 30
15:00

15;20
15:50

15:50
16 : 20

16 : 20
17 : 00

Coordinator: Yoshikazu Ogawa The National Science Museum, Japan

Key Content/ Objectives of the study
Yoshikazu Ogawa: Exhibition and Education department, The
National Science Museum, Japan

[Keynote speech 1)

Candice Brown: University of California, Santa Cruz, California, USA
"Preparing future scientist educators: the Center for Informal
Learning and Schools(CILS) Science Fellows program"

[Keynote speech 2]

Tomoyuki Nogami: Kobe University
"Sympathetic Science and Technology Communication”
between Museum Scientists and School Teachers"

[Keynote speech 3]
Daniel Glaser: The Wellcome Trust
"Public engagement: active scientists and an empowered public”

[1] Masataka Watanabe: National Institute of Science &
Technology Policy, MEXT
"What should the science communicator’s role be?"

[2] Osamu Kamei: The National Science Museum, Japan
"Science Communicator Training Program in NSM
Partnership with Universities"

[3] Saijo Miki: Tokyo Institute of Technology
"A Report on the Graduate School Program Science and
Engineering Communication by Tripartite Collaboration
among Industry, Public Administration and Academia"

[4] Kazuyoshi Chiba: Ochanomizu University, Science &
Education Center
"Science education and training of teachers"

[5] Masakazu Goto: National Institute for Educational Policy
Research of Japan
"How to cultivate science educators in collaboration
with schools and local resources
-From the perspectives of global science literacy-"

[Summary])

% Grant-in-Aid for Scientific Research "An Analysis of Essential Qualities
for Science Communicators and a Study on the Development of
Associated Training Programs" chaired by Yoshikazu Ogawa scheduled
to be held on the second day will be held as a report meeting.
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Keynote Speech 1

-

The Public Value of Science Museums:
Past, Present and Future

Emlyn Koster, PhD President and CEO
Liberty Science Center Jersey City, NJ, USA

Arigato. Ohayo gozaimasu. To the gentleman with the
timing, | also have a watch. It is a great pleasure and
honor for me to be back at the National Science Museum
and to be the invited opening speaker at this important
symposium.

My emphasis is going to be on the present and future of
museums and | am going to try and set a stage for the
next two days.

My talk this morning is going to cover these four topics.
| am going to briefly summarize the evolution of the
institutions we are all so passionate about. Specifically, |
am going to discuss the public value of science museums
in contexts that are meaningful today. Specifically, | am
going to suggest some procedures for how our institutions
can increase their value to the public and at the end,
briefly, I'm going to illustrate how this thinking has been
applied in the evolution of the institution that | come from,
Liberty Science Center, located opposite New York City
next to the Statue of Liberty.

To begin at the beginning, perhaps as you know already,
the word "museum" is about inspiration, reflection,
creativity. It comes from the Greek language via the
French language. Fundamentally, science museums
are places where we have specimens of natural history,
artifacts of science and technology and we also make our
collection through interactive devices and increasingly by
using multimedia.

As | say in my abstract, in terms of the terms, a number of
types of institutions have names synonymous with science
museums, but increasingly we're seeing other kinds of
institutions that have a blurring boundary with what we
would fundamentally call a science museum. Today, it's
not uncommon to see plants and fish and other animals
in science museums, for us to focus specifically on the
youngest age of learning and to also incorporate, as you
do here at the National Science Museum, aspects of
natural history and human history.

My purpose in listing these early science museums is to
emphasize the period of time, 1824 through 1937, the
variety of places in Western Europe, the Eastern United
States and here in Tokyo, where major institutions took
their place in the centers of capital cities as part of the
renaissance of human history, a new sense in the human
mind that we needed to have places where we could
explore the world around us with an accent on history.
This list of museums, all of which continue to exist today,
with the exception of the Patent Museum in 1884, which
gave rise in its collections to the Science Museum in
London in 1909, these all predate and have inspired, in
many ways, the new generation of science museums.
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In particular, the decade of the 1960s was a very important
one in the evolution of science museums in a modern
context. You have, on the left-hand side of this slide,
some of the key developments. In Japan, you have had
a history of hosting many world expositions. The one in
1967, with the theme of "Man and His World" in Montreal,
as we look back we can see that this was the last expo
which had almost an entirely optimistic view about the
future of science and technology in the world. Ones
since have taken a more critical, more balanced view that
science and technology present us with both opportunity
and challenge.

Specifically, 1969 was a very key year. | remember looking
at my black and white television in England, when | was
at university, as we put one foot on the moon for the first
time. And then three individuals, three men, had powerful
roles in shaping the modern movements of science
museums. | know that Brenton Honeyman will speak
about the power of Frank Oppenheimer in San Francisco
in the next talk, so | will leave him to be more addressed
in that talk. But | would emphasize it was two Japanese-
Canadians, Raymond Moriyama and Taizo Miaki, who
were the inspiration behind the Ontario Science Centre in
Toronto, which opened also in 1969 like the Exploratorium.
The term "science center" was first used in 1962 in Seattle.
Today, the Pacific Science Center exists and is doing very
well, but there was an expo in Seattle in 1962 and the
American Pavilion featured science and technology, and
the city government of Seattle decided that it would retain
this profile of science and technology and it formed the
Pacific Science Center out of the American Pavilion.

The significance of going to the moon in 1969 was
anticipated 21 years before by the British astronomer, Fred
Hoyle, who said, "Once a photograph of the Earth taken
from the outside is available, once the sheer isolation of
the Earth becomes plain, a new idea as powerful as any in
history will be let loose." To see photographs of the moon,
from the moon of the Earth, was to appreciate for the first
time the thin, thin, thin atmosphere that protects us all
and the blue-green planet that is the home to everything,
past, present and future. It gave rise to the environmental
conservation movement and to the antipollution
movement and set us on a new course of philosophy
about sustainability.

In this slide, | try to summarize the history of museums.
As I've already mentioned, in these early *centuries®, the
purpose of museums was primarily to collect, research
and present artifacts and specimens with a historical
flavor, and we find these institutions communicating with
one another as the first generation of science museums,



small in number and in these locations.

I've just mentioned this important decade of the 1960s,
where the purpose of science museums becomes one
more of promotion, of understanding, of literacy in the
public about science and technology. We can call these
the second-generation science museums. We find them
almost everywhere in the world, with the exception of
most of the middle latitudes of Africa, in Russia and in
extensive regions of South America.

Now, in my view, a new century has sparked a new attitude
by science museums, which is very welcome, where we
are focused on helping to make the world a better place.
And it's a little early to know who exactly is contributing to
this trend, and they're not necessarily the large museums.
Good ideas can come from many points in the world and
from different people. It's an exciting period for our field.
But each of these generations has informed the other and
all three types of museums continue to exist.

The word "relevance" is used a lot in the museum
field, but | do not think it is used with a precise sense
of its meaning. It's a very important word for the new
generation of museums. In English, if you look up the
word "relevance" in the dictionary, you will find that it
is simply defined as relating to the matters at hand, but
perhaps this expression does not translate well, so let's
look at other words that mean the same thing. Having a
synergy, an interconnectedness with the outside of the
museum is what it means and it also means being so
useful that people want you to exist, indispensable.

For a museum, to be relevant also means that it is thinking
in terms of having subjects in its exhibitions and programs
that are important for the wellbeing of the world. Perhaps
they are challenging, perhaps they are even controversial,
but they are necessary. And if a museum is truly relevant,
in its visitors it's going to cause the mind to grow and
ideally for the visitors to take on new attitudes and even
new actions that make them more useful and productive
citizens of society.

The other term that | want to just define for you, a new
term that was introduced to the world by the Minister of
the Environment in Norway in the 1980s, sustainability. We
may not think of our institutions, our science museums,
as being in this direction, but sustainability is defined as
any action that safeguards, protects, maintains the future
for future generations. None of us can sit away from this
agenda. And for people and for organizations and for
countries or industries, it requires a new state of mind, a
transformation of consciousness. And for museums who
get their funding from governments and other sources,
these investments of public money and private money will
have their biggest returns if the museum thinks it is part of
the agenda of sustainability in the world.

So like the glasses that we can wear which sometimes
have two lenses in them, one for seeing something very
close and at the same time having the distance also in
focus, it's important for museums, in my view, to have a
bifocal vision; to be able to see the road right in front of
you, the hills right in front of you, with as much clarity as
you see the distance, the five, 10 years ahead.

And so | offer you, in the spirit of the bifocal vision, two
equations. In my view, the science museum has to be
fundamentally useful, but it has to be useful in ways
that are engaging, it has to also be popular. A museum

that has no visitors is not very useful. For me, those
two terms equal relevance, the term | defined two slides
ago. But to get to sustainability is to combine relevance
with a constant innovation and renewal of the institution.
Standing still is not an option.

Now many people have written about the museum field,
long before me speaking about these matters today, to
encourage us as a field of institutions in service to society
to think differently.

The largest collection of museums in the world is the
Smithsonian Institution in Washington, DC, and it had a
symposium to mark its 150th anniversary in 1995. And
this author, Harold Skramstad, said, "In the world of the
future, every institution including a museum must be
judged on its distinctive ability to provide value to society
that builds on unique strengths of the institution and
serves unique community needs." This therefore does not
mean that any two science museums should be alike. We
all have unique strengths and we all have unique external
needs, but the direction of our thinking and action is clear.
This type of philosophy means that as science museums,
we should start to deal with new kinds of subject matter.
Typically, single words have described the content of
galleries, of more traditional science museums, specific
fields of science or some aspect of Earth history, even the
Internet or the way our bodies are formed and work.

But | suggest that these are not enough in the new world
of relevance and sustainability. We need to take our
geology and examine how fossil fuels will end and what
we do next. We need to take our interest in the human
body and apply it into how public health happens in the
future. We need to take our interest in natural processes
and apply them to what happens, how are we going to
deal with rising sea level? Tokyo is affected.

How does evolution, that we might have covered over
here through the fossil record, evolution is continuing in
all things, but particularly importantly in our own species,
Homo sapiens, how can we understand terrorism,
bias, racism and other negative aspects of human
development?

The world was surprised when the giant tsunami happened
in the Indian Ocean. It's happened before. It will happen
again. How do science museums position themselves
to deal with the way people think about the workings of
the Earth? And one last suggestion, all around the world,
human activity is reducing the number of other species
and we need to manage the planet in new ways.

| know that my colleague Brenton Honeyman is going
to deal with aspects of learning specifically, so | will be
brief. It is important for the science museum world to
understand that we know a lot, we still need to know a lot
more, but we already know a lot about how people learn.
These two giant figures made it clear that learning does
not stop at school. Learning occurs throughout one's life,
and every day each of us accumulates new knowledge
through experiences that we have and that we process.
And so, to share another two areas of this research, our
visitors to science museums are in four stages of learning.
Until puberty or the years of 11, 12, 13, when we become
sexually active; this is a period in which we depend on
others to help us into the world. It's when we acquire our
language, and as a child, we realize who we are, where we
are, and we learn the culture that has surrounded us.
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Like in the animal world, humans then move in their
teenage years into a period of interdependent thinking,
where the young mind is developing critical thinking skills
and defining the interest that they will pursue for the rest
of their lives. Then in our active adult years, 21 to 65, 75,
sometimes for some people, 80, these are years when
we should be collaborative, where we look at the broader
context and collaboration. And then, we return to years of
dependency, where we share our experience with young
people and we influence how society moves forward.
There is another piece of research I'd like to share with
you, that was presented in 2001 after the events in New
York City, with the terrorist attacks on the World Trade
Center. This foundation offered some advice on how
children need to be educated today. There is no reason for
children not to understand the facts. There is no reason
for children not to be encouraged to develop opinions.
There is no reason why children should not make their own
distinctions to question generalizations and to understand
differences. At the same time, we recognize that all of
us live with uncertainty, but this uncertainty should not
demobilize us. It should not stop us from trying to make
things better.

Again, some things are not new. In 1935, in the first issue
of the journal "Science Communication", this man, Mr.
Davis, clarified what would be great about individuals and
science. "A person with a scientific attitude," he said,
"is flexible to change their mind based on new evidence.
This person is in a constant search for the truth, facts. In
particular, this person understands that things work often
in terms of causes and results, cause and effects. And
this person bases their judgment on the evidence."

So with this background, | move to the briefer second
part of the presentation, by showing you how at Liberty
Science Center, which opened in 1993 when then the
World Trade Center was still there, the Science Center is
in the lower left, we have the chance this year to rethink
how we are positioned relative to the matters I've been
discussing. Here is the new Liberty Science Center, after
$110 million of funds to expand and to renew it.

The mission of Liberty Science Center is to be a resource,
a very innovative resource and to allow people at any
stage in their life to explore. We see a connection between
nature, the forces of the natural world, the human world
and our invention, our inventiveness. And for us, science
and technology and society occupy this space. Our
purpose is both to help communities, however defined, be
stronger and to inspire more ownership of the world.

In this regard, the American Association of Museums, the
world's oldest museum association, 100 years old, had its
conference in Boston last April and this famous business
strategist, Michael Porter said this about museums,
"Museums should be clear about who they are, what
makes them different and why and how they exist as part
of a value chain in society."

At Liberty Science Center, we want to move minds along
this direction, to move curiosity into an active interest, to
move active interest into new attitude and to move new
attitude into action. Many people come through the front
door, a much smaller proportion will have this impact on
them, but this is what the agenda of our museum is. It's
about moments for any person which are transformative,
moments you will remember for the rest of your life.
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So at Liberty Science Center, we are taking a new
approach to how we market the resources of the institution
to the region's population. We recognize that children are
a common type of visitor, but it is not children who decide
to come to the museum, it is teachers and parents and
people who organize what children do. These are other
segments of the audience that we could focus on. So
in our view, it is important to communicate the value of
Liberty Science Center in different terms to each of these
audience segments.

We do this by borrowing from business the concept of
unique value propositions. So we can think this way in the
museum field, in what way are we offering something that
is unique for the audience segment that they cannot get
elsewhere? If we charge admission, what are we offering
that is so important and valuable to those who make the
decisions to come to our institution? And thirdly, how
are we going to prove that we're having this impact and
demonstrate to the decision-maker that we are indeed
responding to what they will find valuable.

So | give you two examples of how we are phrasing
these unique value propositions to decision-makers of
different audience segments; in this case, to those who
are responsible for bringing very young children to the
museum. And so here is the statement that says that we
understand how the young human brain works and we're
offering a critical start to stimulating a lifelong interest in
the science of the children and to the world around them
through specialized environments in the new science
center.

And here is one for teachers of science students, a
unique full-service partner before, during and after school,
experiences that relate to the curriculum of the teachers,
and at the same time, working with the teachers in their
professional development.

So in a few slides, | will now walk you through the
Science Center and illustrate very briefly some of our
new experiences. As you enter the new Science Center,
to the left, the world's largest exhibition dealing with the
environment of tall buildings which lies opposite us in
Manhattan, Skyscraper Exhibition, the engineering, the
careers, the impact on the environment. We have the
nation's largest IMAX Dome Theater and another theater
here, high-definition environment.

On the third floor, exhibitions dealing with these subjects:
the individual and collective responsibility to safeguard
public health, the unique interests and ability of humans
amongst all species to communicate in ever-changing
ways, the breaking edge of science and technology,
what's in the news.

And on the fourth floor, exhibits about the intersection
of 20 million people with the environment of the Lower
Hudson River as it flows past New York City and the
choices of different forms of energy. And in all of these
environments, the ability to use your cell phone to
understand extra layers of learning and to be able to
connect with the content of the Science Center wherever
you are.

So we reopen next July, in five months' time, and we're
very pleased at what the newspapers are saying about
us. | am very pleased about this statement here in one
of the major newspapers last October. It says, "Most of
all, what the planners of the new Liberty Science Center



want is for visitors to be inspired to realize that science
and technology are a part of their daily lives and to learn
that it is within their power to take action, informed action,
on any scientific subject." So our planning seems to be
creating the impression, the brand, the promise that we
wanted.

So | think as we move into the 21st century, the science
museum ideally needs to continue to have the prestige,
the positive image that first-generation museums had.
They need to continue to take from the second generation
the insight we had about how people learn, and they have
to take new responsibilities with respect to connecting
to the issues of importance in the world, and do this
not alone, which is the purpose of this symposium,
but by connecting to many other organizations both in
government and in private business.

And so my last quote for you today is from a very famous
contributor to the museum world, he died last year,
Stephen Weil, who said that the hallmark of a valuable
museum, meritorious, valuable, lies in the combination
of ambition and competence. And he defined these two
words this way: "Ambition to make a positive difference
in the quality of individual lives and in the wellbeing of the
community. You have to want to do it first, and then you
have to be able to do it by converting your ambition into
results, into accomplishment”. Thank you very much.

(Kamei) Now what I'd like to do is to try to see if there are
any comments from the floor, if we can have the lights on.
The person in the middle, please.

(ltoh) First of all, Dr. Koster, | want to thank you for your
very interesting and inspiring presentation this morning. |
just had a question about, you mentioned when you were
talking about the bifocal vision, about usefulness, and |
was interested to, usefulness for whom?. What exactly
did you mean by usefulness in that context?

(Koster) As | went on to say, | think, in a later slide,
with the quote from Harold Skramstad, from the 150th
anniversary of the Smithsonian, each institution has
to make its own definition of that, based on its unique
strengths and the unique needs of the area. So what that
means, what usefulness means to the National Science
Museum in Tokyo is not the same as what it means to
Liberty Science Center in the New York region.

We have different issues outside that we need to relate
to in order to be useful, different science, technology and
society issues, and we each come with our unique history
as an institution, with different skills that we need to match
with those needs. So usefulness is specifically for the
institutions. So those two equations that usefulness and
popularity equals relevance, each museum has to define
what that means for them. And then each museum,
having defined that, which of course is an ongoing journey,
needs to constantly renew itself and continuously be more
thoughtful and more active about how to be useful and
how to be popular by understanding how people learn and
what new issues in the area it can relate to.

(Kamei) Did that answer your question? Now I'd like to
invite the next question. Before that, | think you have a
copy which is the same as the blue brochure which gives
the Japanese translation. Now I'd like to point to the
person at the very back.

(Durant) I'm Graham Durant from Questacon in
Canberra. There is another dimension of your trend in the
development of science museums and their relevance,
and that's the increasing democratization of the content of
museums.

| cite an example from Australia, the Powerhouse Museum
has recently put its catalogue entirely online, and the
public are getting engaged with the complete collection of
the institution in many interesting ways. Although much
expertise lies in the museums, there is also a huge body of
expertise out in the wider community and the Powerhouse
Museum is starting to gather that expertise and they're
getting a lot of new information about their collections.

| would cite also a different point, where science centers
and museums are now becoming places where the public
actually do science research, not simply find out about
science research, and | wonder whether you have any
perspective on those points.

(Koster) | would strongly agree that the story of the
evolution of science museums has many important things
to say about the evolution of society and its sense of
participation in the future of the world. One of the features
of going to the moon was that it activated all sorts of new
public groups to address the concerns of the environment
and the social inequity, for example.

At Liberty Science Center, as part of these developments
that you summarize correctly, in a project called Exhibit
Commons, we are actually opening up the design of
exhibitions and the choice of the components to public
input. You can go on the website and actually contribute
ideas to how we better present the content of the
exhibition and we are also partnering with a group in
New York City who specializes in facilitating dialogue,
town hall meetings about science and society issues,
because we have new spaces at Liberty Science Center
where conversation as well as exhibition and program
experiences can be experienced. So | agree with you,
Graham, strongly that those are important trends.

(Kamei) So is there a difference or is there a similarity
or is it just the same? I'm addressing the person from
Canberra.

(Koster) I'm not sure if I'm being asked a question, I'm
sorry. Graham, did you have a supplement? No.

(Kamei) So if you're all satisfied with this response,
then are there any comments from the gentleman who
just raised the question? He just put on his earphone
right now, so | would like to know whether we can move
forward or if you have any other comments that you would
like to add. OK. Shall we move on?
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CDLSHFbifocallFEY a yHKRERLEWVWDSTET,. TR
2DDERD DD FT AR TIFH O FITH., BEEEMEE LD
DIFEENCEREDEL TEWIFEEA. ZULT. BRMED
HoOEELTHENDATZRE UL C—RRDAZES L TLIHVE
LTIREWIFFRA. ABEDNTABVEVKR D FEYEIEER
TIFIEVDTY, CD2DZEEBIE. 2DRIDRAS A RTEEL
EBEREVDIEEZDHDICHEDFT, TUT, HEaIEEM
DHEDKIICHTL DD EWLND & COBEEEEHRI TRE
U BATA /R—2 a3V TI3CEICK2TEFENDEVND
CETY,UBLEFDDIFRLTEZISNA TV a VTR
WEWSTETT,

mamauﬁﬁﬂ#ﬁ%%m%bt%ﬁ%?otab\%ﬁ

BROAICHIE LT DLEIOZLDALHTDLITT &
7e:r EOCVET, AENDHY—ERICBVT. ttDEZATH
PEYEZEESZIRDIELEEAGFZLVE T,

HRTINEMHERDZLDIETZ AU HDTT Y hVD.C.ACH
%Smithsonian Institution© 9, 1995F [C X150 & %=
MO TV URIDLDREEINFT L.

Harold Skramstadl&. [1FROFRICH VT, BYEZZD
I RTOEEE. [FoED EBSHRICH U TlEZRET
TEBEVOBENICK > THIKENBIRETH D, ZDHIC
BSVTIFMIFTEBE UTDRAZFRIE L, JFDMig =D
Z—XCEZATVHELTRIESEWV, BREEDKSE2DD
BZEYETH > TH. LD K> TVBRERLEWVNS T ETIE
BT ZNZENDIMEDEBHF DD H. HDEDEKRHENLD. U
P U, AEEETENFEASHTE] EE>2TVFET,

CDKIBFERIF. MEBYEELTHLLWT Y ZLEAE
AED EFTOKARERLEVDCEZBKRLE T, IR IE, B
—DEELUT, FvSU—PICHRNERIZEMELHD I T,
e, BIAREDHZENH THINZEYEDHD I T, e,
HWIRDELED—ER, 1 V5T —Ry b eBDHEBABELT
EDKIICEFN MEAT DD EVD T E=ZRD EIFR
FEYELHOEI. Lh L. fh@%i?(&*%ﬁbb\ﬁﬁjﬁﬁﬁ
EREMDIERATIEINLEIITIFRLTHATREVEE >
WET,

PIZIE, EZZRIEREREDNED K SFETIELEDT
LEWL ZOBRZESTREDZEZITVKRERLERNZK
To Ffeo ADFICHTDEONSHEOT. TNZEEO>TAR
REEZEDL S ICTNFHRZERTEDDNEZITCNARE
T, Fle, e B5OBEAROTOLAICHT HELZEN—XI(C
EoC. BIRIE. BHLEICEDKLSICHATHDOHNEZ TN
FLTFVIFE B REREBELFDEINEHEZZ(TD
DIFTY,
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Fle  EEEVWSIBDHH > IeDIF T, (LADEHLH 5iE
{EU. SHiEblFH b EHSHDEDICBVTHERLTWLDDT
IO, BFICARBREVSEICBVTIES IEHREIE LD RSNE T,
TOZEDKS ICIEBFEITRELZDD. ADRREZEDKSCIE
R RELEDH ., ZOMICEENFIABDRETHDAEER.
ABDEBDOYAFTAZEDKDIICEDSZDINEVNDTEDHE
FNBIRETT, 1V RYFTREFBRDEESEEICIETE
WeDTIH. CNIFBEICHD T ET. BIFEDSRFE
THRCDTULL I BHICHULTEDLS [CHDLT RELD
NEVWSTEICHUTHREZEMEIFEDLSHTREZEL DT
EDTEDDTU & DD HRFTAEDEEND Z [CHEDTED
BHERNERRODTVET, ST Z. e Bl T DithEk &
WO eREFE O TER. BEUTLKMENGDOET,

Brenton Honeymand ADEEZEFHIICED EIF2D &L
STELDT, TOHEDIFBEICTHRBLUEVLWERBWVWETD,
BYREDHFRICE > TRAIHNABZLEDN EWVS &, e BIFEEIC
WAWBRIET EZEDD D TVBDTYT ., LH L. H2EZLD
CEZHADIEL BICEDKSICADBEET DO EWNS T E
ZESCHEULTVERLDIFITY,

CD2ADARYDAAREF I [ZEFERTERDDDITITIEFE
LYo Tl BT ERREFEBEU CBIEHRERONDELEIEE
DNF L. BLIEBSTATADFULWAEZZET DDT
T ZNEICBEDORERZEBEU T, BEBEELETDZEICKD
THIEEL DB ZEEITSHEVNWDTETT,

ftlC CDIRRDF 2D RN LI T BFBYEDAEE
DARIEZIREVNDTH, 4 DDORHDALHAEEIND EWV
STETRUINE T, BHEHFITD1~13&(E. HEHNICHE
HICEDFECTLEVWSITETERLI L&D, TNETIE
BEFREMDAEBIKEFELTCEET 2DIFTT ., EXZZF
U, FEBHEULTALBEESDH#HEDD. ECITEATVDD
h7ZZU. BS5OXEZEZATNKDTT, LT ABIFRIC
TA—VIATv—EVSERELED, HEKEFDOE TYSEZ
ERAFTT, FLEVDTIHIHANICEZXDHZMLT. BR
DEEZBCTORALDDBHFEV S CBDHTEATENIEOED L
TL B[R T, 2D#E(F. 21%~65m. HDWVIEF75m. A
[CKROTIFBORME CTHRARHE UTERFFRICED X T, €
C Tl IeBlFEBICHRNIT D, BEIZETOINELLEBVE
Fo CNFKDLWVHEHRCEZBIF D EICK > THNZET
SEVNSTETY, TUT. TORIBEITCAICIKTFT DHFHZ
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ZOINDSDFE(CH U CHEZDLSTRHRICLET.

BOVEDTBNAULIEVWERREDN SO I, 20014 (C
—1—3-IMOEREF U —I[CH U CARSRET OO
EBDIETT, INEHBDHEN S, SHOFEBLE%=
EDXSBHETHET INELFDNEVND ETRESNA
BT, N [FEBBNEREZEFE LTV HISEWNE
WO BRIV, FEBBENESICRRZRDKLIICET
BOVEBRBHEV. FEBBICHULTFEDILBNAD XA
ZREBETEEVERBEVN. FEBLEN—MRILICH UTERM
L. BELWHiHDEWNS CEZBBUEVEREEV] WS T
ETY,

e BIETEREDEN, HFRICESLTVEYT, Lh L. F
R b ofeh5EVD T BfeBHELD KL THENDTE
BHEPHDINETEIFNEWVNDZETT .
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ANTHL>TH. FRZEAREICTDHEVNS T EEZEMICLTUL
FI. BAREDOER. BAHRDS ], ABOHSFR, Thic 5 ABH
DL EHABETT  BZHEIN. HREWVWSBDHTLIEED
ZREICEDFT, e BOEMNIE. WAWAEIZ a5 4 —
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TY, DITYA PDHFTIF. SOBRZETSICKLTDICE
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The Public Value of Science Museums: Past, Present and Future |
HERMEOHSNES - B - TE - KR \ -~

smwa 1

Emlyn Koster, PhD President and CEO Liberty Science Center Jersey City, NJ, USA

RKE: UNF A —HPAITIVAEYT—

Sl

The Public Value
of Science Museums:
Past, Present and Future

Emlyn Koster
Liberty Science Center

¥ Recap the evolution of science museums

® Discuss the public value of science
museums in contemporary contexts

® Provide insights into how science
muséums can increase their public value

® |llustrate this thinking in the philosophy
and practice at Liberty Science Center

AZ714RK1 AZ74K 2
Terminology The First Science Museums
B Musaums B Science musaums
Scmnce and induslry miseuirs 1824 Franiin insitila, Phiadalphia LIS&
gl OBl Sowmnve and lechraoligy cenfers 1828 Apsdemy of Malursl Scencess, Philadeipha, USA
Tamgla ol tha Mises Eciance and (echrology mussums 1BGE  Amencan Museum of Malural Hssony, Mew York, LSS
Eimnoe cenbers 1877 Mabional Science Missum, Tokywo, Japan
.. ingpisdion of 1881  hislural Hedony Museun Londan, Englend
creativity and , : 18R Patant Musssm Londan, England
# Growing overlap in content 1003 Desdeches Mussum, Munch Gamarng
e Aquariume 1808  Scence Museum, Landen, England
2 , 1% Nonsegian Missum of Ssancs and Technnkgy, Osio, Horemy
El:_E imarng Children's mussums 1603 Pusscs of Scierse aad Induslry, Chicaga, LSS
- Adtifacis Husmam kestory marsa ums 1537 Palis de la déoouvere, Pars, Franos
— Indaractives Nabuiral Feslony Ml ams
— Muliimedia 2o
A4 K3 AZ714NK 4

1860s — an influential decade

B 1967, Man and his borld B Mew bype of science
expo in Monireal FRUSELM

B 1968, NASAs frsl Apalle o oo Soience Cenler

Once a phofograph of the Earth,
talen from fhe oulside is available,
once the sheer isolation of the Earth
becomes pilain, & new idea as powerful

rission ta the Moan Seafile, USA as any in history will be let loose.
B Frank Oppenhesmsar in

San Francisca 1960 The Exploraloaium

. San Franceco, USA

* Raymond Mariyama and Fred Hoyle

Taizo Miaki in Toranta 19658  Onlono Science Cente British astronomer

Tomnta, Canada 1948
AZ4K5 AZ714K6
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Relevance

B Defined as relating to the matiers at hand

1980 —] =1
) B Synonyms include extermal synergy and
- being indispensable
¥ r
Early 19008 Onentation to consaquential subjact matte
- . H
17005 and 18005 | Intellectual growth, new behaviors
AZAKR7 274K 8
Sustainability

& Defined as actions to safeguard the future
® Depends on every institution doing its part

v Often demands a transformation of
CoOnSciousness

» QOptimal dividends from funding
investments

AZ4K9

A BIFOCAL VISION

274 K10

in the world of the fulure,
every institufion, including a mussum,
must be judged on its distinctive ability
to provide value fo society that
builds on unigue institutional strengths
and serves unigue community needs.

Harold Skramstad
The Smithsonian Institution
160" Anniversary, 1995

Changing styles of content

Single deciplinary Trans-disciplinary aporoaches

aporoaches L E-Inr_:;y sources beyond fossil

J =
LS|

A ® Chaices for aMordable public
B Chemistry heakth
¥ Locomotives ¥ Coastal populations and rising
 Thee inkerred sea lavel
¥ Plade teclonics # Matwe and direciion of heman
¥ Human anatam svalLtion

: ¥ Peychology of natural hazard
frequencias

® [Declining biodiversity and global
stewardship oplions

274K 11

274K 12
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The Constructivist
School of Psychology

Definition of Learning

John Dewey (1853-1952)
Lev Vygotsky (1896-1934)

Peaople accumulate their own knowledge
by processing experences

Ages and stages of learning

® Dependency: childhood

— acouire language, realize self and place,
imprinted by familysocety with cultural norms

¥ Independency: teanagers

— nurture critical thinking, define interests
® Interdependency: active adulthood

— appreciate context, seek collaboration
# Dependancy: senior adulthood

- ghare experiance, nfluence tradtions

274 K13

274K 14

Educating today's children

Marvin Wachman Fund - International Education, 2001

® Knowing the facts

- what's happening, why, and what are the trends
® Developing cpinions

- uslrg knowiedge for athics-based judgrmeants
¥ Making distinctions

= guestion generalizations, undersiand diferenceas
B Living with uncerainty

- Facls, opmions and distincbars do not elimnate

e can say that an individual who has a
scigniific atfifuoe wilil

B show & willingness io changes opinion on the
basiz of new evidanca

u seanch for the wihals irufh without prefudice

¥ have a coneept of cause and affect
redationships

B make a habit of bazing judgment on facks

our fears or enable us by pradict the fufurna, |L.C. Davis
howesar uncertainty must nol demobilize us 1935
A4 K15 X714 K 16
Liberty Science Center Expanded Liberty Science Center
1993 opening context Summer 2007

274 K17
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Inhgvative resoiiics === | felang axpioralion

.

HUMANITY  TECHNOLOGY

Strengthenimg communities ===
=== |nspirng global stewsardship

Museums should be clear aboutl who they
are, what makes them different, and why
and how they exist as part of
a value chaln in society

Michael Porter, Harvard Business Schoal
Centennial Conference
American Association of Museums
28 April 2006, Boston

274 K19

274K 20

The aim is to maximize the number
of minds that our experiences
maotivate to move ..
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To caregivers of pre-school children

Applying research on the young human brain,
Liberty Science Center offers specialized learning
environments for pre-schogl children that
illuminate how their minds grow and also how
caragivars can improve thair approach. Unigue in
the region, such experences ane a critical star to
stimulating a lifelang interest in the sciance of
ounselves and of the world around us

To science teachers utilizing our student
students

Liberty Science Center is a unigue full-service
partner in the learming and teaching of science
before, during and after school For students at alf
grades, we provide enriching curriculum-aligned
experiences and resources well beyond those
feasible in classrooms, For teachers of all
backgrounds, we provide distinctive professional
development and alternate-route certification
Sericas,
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Technology Interactions
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Most of all, what the planners of the
hew ‘Liberty Science Center want
is for visitors to be inspired, fo realize
that science and fechnology are a part of
their daily lives and to leamn that it is within
thair power to fake informed action on
any scienbific subject

The Star-Ladger, o Ocickber 2008
invrovadion and nsplratan;
ey Lty Selancs Camlss Wit be ot

the cutiing edge of 211s-comury museums

274K 37

271K 38

21% Century Museum

Dynamic Bend

First-genaration prestige
¥

Second-generation engagement
+

Third-generation relevance

+

the public and private sectora

Mission-accelarating partnerships across

The hailmark of @ mentorious museum lies
in a blend of ambiion and compefance —
the ambition fo make a positive difference
in the quality of individual lives
and in the well-being of the communiy,
and the compefence to convert
ambition into accomplishment.

Stephen Wl
Emerntus Schaolar
The Smitheonian Institution
2004
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Keynote Speech 2

-

The Future of Learning: An Emerging Role for Science
Museums and Informal Learning Institutions

Brenton Honeyman, Education & Strategic Communications Manager
Questacon — The National Science and Technology CentreCanberra, Australia

Thank you very much for this opportunity to join you on
this very special occasion. My thanks go to the Director-
General Mr. Sasaki and his staff, for inviting me to share
this occasion with you and I'm very pleased that the
director of Questacon has already asked a question, so
you know that he is already in the room and | am sure
that he would wish me to pass on our thanks and our
congratulations to the National Science Museum here in
Ueno for staging this auspicious occasion.

Questacon and National Science Museum have signed a
friendship agreement, and therefore we very much value
the cooperation that we share, so to be here sharing
with you today is a very special part of our friendship
agreement.

My purpose today is to share with you something about
science museums as places of learning, and as Dr. Koster
has already shared, we have mutual interests in this topic
and he has very well introduced some of the topics that |
will be touching on this morning.

Firstly, we'll look at science museums. What type of
places of learning are they? What is the type of learning
that science museums engage their public in? Secondly,
we will look at science museums as part of a wider
educational infrastructure, and here this will touch on
some words about partnerships, but also some words
about where we fit. Where is our confident position within
the wider educational infrastructure?

Then we'll look at the future of learning. Many futurists,
many education futurists are predicting that there will be
great changes, and we'll have a look at some of the things
that they are projecting for the future, and we'll end the
presentation with the role of science museums as places
of learning in the future. What are the implications for us
as a sector, as a profession, as we face the future in terms
of the learning changes which will come about?

Dr. Koster has already touched on the evolution of science
museums; he has given a very excellent description
of the evolution and | just want to reinforce that point,
that science museums have a very long and successful
history. For example, this institution, the National Science
Museum, was founded in 1877 and when it was founded
its responsibilities included increasing science knowledge
through research, so it had that research responsibility
to create new knowledge. It also had a responsibility
in a charter to share knowledge with the public through
exhibitions and other educational ways of communicating
to the public.

In particular, | would like to just add some personal notes,
that when | first visited the National Science Museum
before any of the current extensions, | had the opportunity
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of coming to the main building and visiting quite a small
exhibition space, but it impressed me greatly. Obviously,
the exhibition spaces with all the collections were very
impressive indeed. But because | then had a growing
interest in how we make the interactions of the public
more engaging, how we make it exciting for younger
visitors, how we make it exciting so that young and old will
have conversations about what is before them.

And this is a scene from the current woodland forest
exhibition area, and when | was visiting this institution
in the very early 1990s, they had an exploratory space
with the same theme and | was very impressed how they
were able to encourage the children with their families
to explore and engage in a very interactive way, using
simple ways to make the learning exercise so much more
effective. And so it's always with a great pleasure that |
return to the National Science Museum and see all of the
new developments, because now they are making use of
very modern technologies in science communication, to
be able to enrich the experience even further for the visitor.
Dr. Koster mentioned Frank Oppenheimer, the founding
director of the Exploratorium in San Francisco, which
opened its doors to the public in 1969. In 1968, Frank
Oppenheimer was talking about the reasons why it's so
important to establish science centers, science museums
with an interactive style. He made the point that he was
seeing more and more people becoming information-rich,
but at the same time they were becoming experience-
poor. So while they might have a lot of information, they
weren't necessarily given the opportunity to explore for
themselves and to gain a first-hand experience of the
phenomena.

He wrote in an article, "On the whole, people have very
little opportunity to have any direct experience with the
separate elements of nature or technology". That certainly
is true for people as they move to the cities and the
urban environments. They are having less opportunity
to observe a whole range of science-based phenomena.
And Frank Oppenheimer continued to write, "In a science
museum, one can set up these experiences in such a way
that they not only generate but partially satisfy curiosity",
and in a sense that became the founding philosophy of
the Exploratorium in San Francisco. And it became a
very popular new breed of museums to visit and as you
are aware, many, many science centers, many, many
interactive science museums have been established since
those 1960s.

It's interesting to reflect on how the style of learning
that is possible in a science center with an interactive
dimension especially. It is interesting to reflect on how



this differs from the formal opportunities to learn science,
and during the late 1980s and the early 1990s, there were
many researchers starting to look at that question. The
new phenomena of science centers were becoming more
apparent and people were asking the question. They
seem to be very popular, but are the visitors learning
anything? And that became a key question for the sector
of science centers and museums to ask and a limited
number of people in education research started to look at
that question.

One of them was Elsa Feher, an American woman who in
1990 published an article which dealt with these ideas.
She wrote in the article that schools, that is, the formal
learning institution, schools tend to teach abstractions,
definitions and explanations of phenomena that most
students have never explored for themselves and she went
on to compare that with the tendency in science centers
and museums. She wrote that while schools often put
explanations before first-hand experience of phenomena,
interactive science museums tend to reverse this process.
They put the first-hand experience of phenomena first and
then they give opportunity for discussion and explanation
and further interaction about that content.

Part of my past experience has been in teacher education,
training teachers of science, and one of the surveys that
we did was asking the incoming trainee teachers what
their experience of learning science in schools was like,
and here's a typical response. One trainee teacher wrote
this, "I remember science like this. The teacher would
present a scientific theory regarded as unreproachable
fact, then ask the class to try and prove it through an
experiment." Well, it looks as if it's hands-on, doesn't it?
"Usually the teacher would demonstrate how to do this
first and then the students would repeat it. The teacher
would require us to discover a science equation, but to
do this we had to fudge our results, that is that we had to
amend our results. My impression was that science was
an exclusive subject, inaccessible and boring".

Now that trainee teacher was training to become a teacher
of primary school students, elementary school students,
and while his responsibility would have been to teach
many subject areas, one of his responsibilities would have
been to teach science at the primary school level. And
so when you consider that many people are coming from
a school experience that is not an ideal experience, then
there is a very large responsibility to be able to turn around
those opinions, to turn around those attitudes and those
memories of what science is all about.

And so | make mention of a way of viewing learning.
During the 1980s, there was a set of researches in New
Zealand that developed a model for learning. They called
it the interactive model for learning, and it was one of the
early forerunners by the education researchers to what
became a worldwide movement to establish a very useful
model of learning, which would apply to formal situations
as well as informal situations.

And so it begins like this, if we're to look at what visitors
do when they come to science museums, we realize
that this is what we aim to create in terms of a learning
experience. Science museums stimulate learning by
providing visitors with opportunities for experimentation
and interpretation as they do these types of things, as
they interact with exhibits, as they participate in activities,

as they engage in conversations with staff, as they interact
with other visitors. Science museums seek to provide
visitors with experience-rich environments to cater for
these things.

Remember the concern by Frank Oppenheimer, the
founding director of the Exploratorium. He said that
people were increasingly becoming experience-poor.
And so one of the things we do in science museums is
to provide experience-rich learning environments, and
they need to cater for a whole range of things, including
visitors who come with diverse prior knowledge and
experience, visitors who come with diverse assumptions
and expectations about what they will do when they
come, visitors who come with diverse ways of thinking,
diverse ways of learning, visitors who come in diverse
groups, some come as student groups, some come in
families, some come in friendship groups, and science
museums are attempting to cater for all of that variety in
their visitors.

That is quite a tall order, very different from the way
that schools are set up. Usually schools are set up to
accommodate a particular type of visitor to the school
classroom, are usually sorted out in grade levels, often
according to ability levels and yet in science museums and
science centers, we take all comers and we try to make
the experience meaningful to as many people as possible.
As the visitors interact in this experience-rich environment,
they are confronted with happenings and ideas and
realizations that challenge their understanding. And
the more compelling these experiences are, the more
likely that visitors will construct or reconstruct new
understandings, new meanings. This is known as a
constructivist model of learning and Dr. Koster alluded to
that earlier in his presentation.

This constructivist model of learning became a very useful
model, around which many curricula for school systems
around the world have been based and the constructivist
model of learning attracted also some interest by a
number of researchers working in the field of informal
learning, and there has been quite a deal of thought and
activity and research in trying to understand more about
informal learning approaches in science and looking at
what constructivist models of learning can do to help us to
understand that.

This is a favorite cartoon of mine. It shows two men sitting
underneath a tree, having a conversation about things
scientific. I'll read to you their conversation. The first
man says, "There are some things |'ve always wondered
about." And the second man responds, "Like what?"
"Like, how can you tell when it's exactly midnight?" And
the second man responds, "Easy, the darkness is directly
overhead."

And the conversation continues. "Why do days get longer
in the summer?" And the second man replies, "Because
heat makes things expand." And the questioning
continues. The first man asks, "Why is air speed different
from ground speed?" And the second man replies,
"Simple, because the earth is round and the air is flat."
And the conversation continues even further. The first
man asks, "What holds things together?" And the second
man, who believes he's a real expert in science, he
says, "Velcro, neutrons and protons are held together by
Velcro." And the first man responds and says, "Thank
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you, arigatou". "Don't mention it," says the second man,
"l have a natural talent for science."

Now we can laugh at that particular cartoon, because
we realize that yes, there is this wonderful conversation
happening about science, but there is a lot of inaccuracy,
a lot of error in the thinking. Each of these answers has a
problem with it, and yet the healthy thing about this is that
they are having a conversation.

Now when people are having a conversation about
science, they need an opportunity to explore, how
can | advance my understanding? How can | test
my understanding and check to see whether | need
to change my understanding about science? And in
science museums, we need to provide places where
people can have conversations, where the visitors can
have interactions with exhibits, with people, within the
context of the various educational activities that museums
conduct, where they can have conversations to check
their understanding. It's very, very important to encourage
people to speak out their level of understanding, and to
deal with what is spoken out.

In many school classrooms, there is not so much a free
opportunity for students to speak out their understanding,
and this is a dangerous thing. In many school classrooms,
where there is a traditional approach to teaching science,
the student just waits for the teacher to be able to teach
the content, to be able to communicate the facts, to be
able to explain the science concepts and theories. And
then the student, being very respectful to the teacher, will
try their best to be able to remember that and to reproduce
it in some assessment of their learning.

However, unless the student has an opportunity to be able
to deal with their misconceptions, their misunderstandings,
then it is quite likely that the type of instruction they
receive in school classrooms does not get tested. And so
there is a danger that even though they will know the right
answer from the teacher, they won't really, inside the very
depth of their thinking, they won't really understand.

Now when we provide a renewal in school classrooms
which allows for conversations, which allows for students
to be able to share their understandings and to test them,
and in the same way in science museums, where we allow
our visitors to try out their understandings, to try out the
exhibits, to discuss them, see what happens, to share
their understandings with other people in the museum
and to have conversations. This is a very important
mechanism by which learners can learn and change their
deep understanding. This is what the constructivist model
of learning is all about.

In science museums and science centers, we often use the
term informal. Now a word that is being used more often
these days is free choice, and for the last few years most
of the researchers working in the field of informal science
learning have been using the term free-choice learning.
By free choice, we mean non-linear. In other words, there
is no set pathway that the visitor must follow. By free
choice, we mean that the visitor is personally motivated.
There might be differences in their interests, and the
museum provides a setting, a learning environment, where
those differences can be reflected.

Free-choice learning involves the visitor choosing what
to learn, where they want to do the learning, which parts
of the museum interest them most, and when they would
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participate in that learning. There is much more choice for
the visitor to learn in a museum setting than there often
is in a formal school or university setting. Free choice,
therefore, is a new term that is becoming more popular.
It's interesting just to reflect briefly on the impact that
science museums are making.

Recently, Questacon joined forces with a number of
science centers around the world and the Association
of Science-Technology Centers in order to conduct an
international study of the impact that science centers
are making. In the first study, they examined four areas
of impact: personal impacts, which includes learning;
societal impacts, which includes changes to the local
community on a larger scale; economic impacts, which
includes the value in dollar terms to the community; and
policy development impacts or political impacts.

Now there is quite a bit of research on personal learning
impacts, but not so much about the other types of
impacts. So there was a follow-up study on the economic
impact that science museums are making on their local
communities, and the final report of this follow-up was
released in February 2005 and is available on the website
address there.

That particular study covered information from 199
institutions from 35 countries around the world, and it was
interesting to note that 50% of those institutions have
opened in the last 20 years and 25% of them had opened
in the last 10 years, so many of them were quite recent
organizations. Their sizes range from very, very small to
very large, and when you have a look at their total number
of visitors that visited those institutions, it added up to 77
million visitors, 61 million of those visitors were on-site
visitors to the museum and 15 million were off-site visitors
participating in various outreach programs.

It's also interesting from that study to work out where the
sources of revenue are coming from and | raise this for
a very important follow-up question. On average, 41%
of the revenue across the institutions came from public
sources, government sources; 15% came from private
sources, corporate sponsorship and so on; and 43% of
the revenue came from earned revenue, ways that the
museum would gain revenue through admission fees
and other ways of raising funds. 89% of the institutions
charged an admission fee.

The interesting question there is: if museums are not free
to the visitor, does that change the level of expectation
that the visitor brings? If they have to pay an admission
fee, what does that mean for our contract and obligation
to the visitor to be able to provide learning? How much do
we know about our paying visitors, to be able to give them
the service that they are coming for? It's a very interesting
question that researchers and evaluators within science
museums are researching, and each museum needs to
continually refresh their information about their visitors, so
that they make sure that they are delivering according to
the expectations of their visitors.

The other thing to note is that when we're receiving
financial revenue from other sources, perhaps from
corporate companies and other sources, what does
this mean for the type of learning experience that we
provide? How much influence will the private sources
have over the content that we provide? How much
influence will they have on the audience sector that we



would target? Because many private corporations have
a marketing interest in getting value for their sponsorship,
and sometimes this dictates or narrows down the type of
offering that the science museum might provide for the
visitor. It's an important question to consider.

We raised this term formal and informal learning earlier.
The interesting question is: does it matter whether science
museums are considered to be formal learning agencies
or informal learning agencies? Does it really matter? And
| suggest that because there are many models of how
science museums engage with formal education, with
formal schools, even with formal universities, that the old
definition of science museums being informal does not
necessarily apply well today. And so | suggest that we
need not worry too much about trying to make lots of
distinctions between formal and informal learning, because
we are becoming a much more flexible type of institution
to be able to provide a range of learning activities,
appropriate to the strengths of science museums, in a way
that is a wonderful contribution to the receiving visitors or
participants in the program.

It's interesting to note that sometimes it's referred to as in-
school learning or out-of-school learning, and does that
matter? Because many science museums have incursion
programs into the schools, so it's really becoming much
more a part of in-school learning. So these types of
labels, these types of descriptors, are not always helpful.
It's best to summarize that particular point by saying that
learning is learning; it's influenced by the same things, no
matter whether it's formal or informal. It's influenced by
setting; it's influenced by social interaction; it's influenced
by individual beliefs and attitudes and knowledge.

It's interesting that at the time we used to define ourselves
as being informal or out-of-school, it is interesting to note
that we are using very negative words there. Informal
means not formal, it's a negative description. Out-of-
school means somehow that we're not in the right place,
it seems. And so it's important for us to be much more
positive in terms of what we do offer, and to be very bold
and confident about knowing how we can contribute to
learning in the community.

So no longer should we need to define ourselves as being
something like an opposite to formal learning. In the past,
this might have been helpful, as we were trying to realize
our identity, but right now we know our strengths as a
sector, and we are also recognizing much more clearly
the strengths of others. And so now is the time for us
to position ourselves confidently with the wider learning
enterprise.

These comments were made at the 4th Science Center
World Congress by Dennis Bartels, who's recently become
the Director of the Exploratorium in San Francisco.
He went on to say that each science museum has an
opportunity to become a node for learning, embedded in
various learning networks. In some cases, the museum
will create and coordinate some of those community
learning networks. In other cases, the museum will just
be a contributor, a partner, and the museum will bring
its ideas, its experiences and its tools to other people's
community learning networks. It's a much more flexible
view of how we fit into infrastructure as a whole.

A recent article by Jolly, Campbell and Perlman reminded
our sector of the fact that learning in science requires

opportunities for engagement, that is, to build interest and
enthusiasm. It requires opportunities for building capacity,
that is, developing capacity to know and to do science,
and needs to also provide opportunities for continuity, that
is, ongoing connections which help to reinforce and build
capacity.

The research evidence clearly shows that people do
learn in science museums, and the research is helping
us understand how visitors make meaning of their visit
experience. It's also helping us to understand what and
how learning happens in science museums.

And there is a recently developed model of learning which
is very similar to the constructive model for learning, the
constructivist model, but it is called the contextual model
for learning in museums. This has been developed by Falk
and Dierking, who are leading researchers in the field of
informal learning or free-choice learning in museums, and
they propose this model with three overlapping contexts
which influenced learning. They are personal contexts,
they are sociocultural contexts and they are physical
contexts.

In personal contexts, it is to do with motivation and
expectations that the visitor brings. It is to do with prior
knowledge, we've already mentioned that before, and it
is to do with the amount of choice and control which is
possible for the visitor.

For sociocultural contexts, there are two factors that
the researchers advise us. Within-group sociocultural
mediation, that is, realizing that most visitors attend as
part of a social group and these group members help one
another to interpret information and to develop shared
knowledge, shared beliefs. For example, parents help
children and even children help parents, as they open their
eyes to things that perhaps are very new for parents to
understand too.

It's also facilitated by mediation by others. For example,
interactions with staff, explainers, docents, guides,
performers.

The physical contexts advance organizers and orientation.
People learn better when they are confident of what is
expected of them. The design is also a very important
thing. Appropriately designed exhibits and experiences
will enhance learning. If they're not well-designed they
will make learning suffer. And also reinforcing experiences
outside of the museum or away from the museum. Certain
meanings that the visitor starts to encounter in a museum
might not be finalized or come to completion until a
subsequent event or later experience. This might happen
on the very next day, or it might happen several weeks
or even years beyond the museum visit. We need to be
patient, that learning often takes time, particularly when
we're working in free-choice environments.

I'll just refer briefly to a research project which is dedicated
to supporting research to better understanding ways in
which informal or free-choice institutions are contributing
to public engagement with science, and tomorrow one of
our keynote presenters will be mentioning that again. But
it's interested in exploring more about learning in school
contexts as well as learning in leisure contexts, and the
website address is available there for you to find out some
more information.

Science museums can be places for transformal linking.
They create bridges for visitors. Sometimes the bridge is
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translating content into learning experiences. Sometimes
the bridges are to create connections between scientists
and the public or between formal learning and lifelong
learning.

It's interesting to note that science museums are held
in high regard as being places of trust and integrity, and
therefore it's most important for science museums to
maintain that value. We enjoy that reputation, and if
anything goes wrong, it can be a challenge for us.

It's interesting to note that on February 20, in a place in
North America, there was this eight-year-old visitor to a
science center exhibit, that found something quite in error
with the calculation, the formula that the visitor was being
encourage to use to calculate the number of candy, a jelly
bean candy, the number of candy that could fit inside of
a pyramid structure. | won't go into the detail, but as you
can see, because an eight-year-old child found a problem
with the reasoning on an explanation for an exhibit, that
was of interest to the newspaper, and therefore here we
have an example where a science center needs to cope
with a challenge to its scientific accuracy and integrity.
Science centers are places for learning communities.
There are emerging new technologies called groupware,
which are providing opportunities for people to participate
in learning communities, not necessarily face-to-face but
perhaps online, and some of the new technologies such
as blogs, which is an abbreviation for weblogs, and wikis
such as the well-known Wikipedia approach. These are
becoming new mechanisms for people in communities
to be able to share information and to develop common
platforms of understanding.

This is an example of a blog or a weblog that Questacon
has been hosting about one of our science colleagues
who is currently in Antarctica, and we are communicating
regularly with this science researcher and he is writing
stories about his experiences: his personal experiences,
the human dimension to living in Antarctica, as well as the
science work, and that's providing an interesting response
from many countries around the world, as more and more
people take an interest in this blog. People feel that they
can talk directly to this scientist through this mechanism,
and this scientist responds to them, giving answers to the
questions that they raise.

I'll move on because of time. We have a new project that
Questacon is helping the Asia-Pacific region to focus on
the issue of climate change. It is part of Project IGLO, and
climateXchange is the name of the new program, and we
are inviting schools and science centers around the Asia-
Pacific region and beyond to participate in this program,
which will bring together many, many stories of the local
impacts of climate change, and build up a global picture
but in a local way, so that people in many places around
the world will be able to share their understandings of this
issue and share it with one another.

This is just one of the stories that we're developing ready
for the launch on the 1st of March, taken in the very high
country of Australia, where a species of a very small
possum is endangered and there are only a few number
surviving, and they have nowhere else to go because the
snow is melting and they require the snow as part of their
hibernation arrangements, and it is starting to affect the
population and endanger it.

| think that | will just shift through to maybe one or two
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slides at the very end, where we have a look at what
futurists are saying about education. Futurists are saying
these types of things: rapid knowledge growth much
caused by the global connectivity that we have. For
example, medical knowledge doubling every eight years.
They predict that more and more people will require
learning as a "just in time" arrangement. That is, people
want the information and the understanding as they
require it. They won't be prepared to wait for the end of a
school program or the end of a university course; they will
want mechanisms to help them to understand now.

With increasing numbers of science and technology
graduates in China, India and these fast developing
economies, the rate of discoveries and innovation may
increase quite rapidly, leading to even more change. Also,
the populations are trending towards greater numbers of
adults. What will that mean for our science museums, as
people demand learning experiences at an older age and
want to continue working and making useful contributions
beyond retirement?

And we could skip through with amazing sets of
predictions, but they're available there on the handout for
you, so | won't go into detail now.

But if we really want to look a long way out, in 100 years'
time Richard Worzel says, "Computing power will be
trillion, trillion times that of today. Any problem solvable
by raw computing power will be solved. Computers
will read brainwaves directly and monitor whether
understanding is taking place or not." That is a very bold
forecast. "The educational gap between those who have
and those who have not will disappear due to low cost of
the educational technologies and that education will be
customized to each student, not force-fed to students via
mass production processes, similar to those we would
observe today".

And within a few decades, we might notice that education
may not be dominated by schools and universities.
There may be many new and different kinds of learning
institutions, and we will be working and living in a fast-
paced frontier, where learning is accelerated.

And the remaining final question is just to leave you with
this thought: what will this mean for science museums and
our role as places of learning in the future? Thank you.

(Kamei) Thank you very much. Would you stay there? |
would wonder if there are any questions or comments
from the audience. | saw one hand. Yes, please.

(Tashiro) My name is Tashiro from the National Science
Museum. | would like to thank you for the wonderful
presentation. There's one question I'd like to ask. In your
presentation, you talked about the free-choice learning
and the importance of it and at the same time you've
contrasted informal and formal learning, but you said that
they are going to be the same in the perspective that they
are both learning. | agree.

However, on the other side, you talked about formal
education or maybe | should use the word school
education. In the case of school education, as it says in
your outline, there is the compulsory education where you
are in a way forced to go to school and to learn and you
are going to be graded. Thus, you have to study in order
to get good grades, should you wish. Whereas in the case



of museums, there is going to be the free-choice learning,
but before that, the museum would have to be selected so
that the visitors would visit. So that could be, in a sense,
a demerit of the museum, because you have to have the
visitors and you need to be selected.

Thus, in order to make free-choice learning possible, |
think there need to be personal motivations, so that people
will be motivated to visit a museum. They need to visit
a museum to be interested in sciences and technology.
What is going to be the trigger to have people motivated?
Do you have any ideas?

(Kamei) Mr. Tashiro, are you asking what is going to make
free-choice learning possible and viable? Would that be
the gist of your question?

(Tashiro) Yes, | would say so.

(Honeyman) Thank you very, very much for your question.
Firstly, | think the gap between formal education and
informal education is closing, and it is closing because
formal education is realizing that there are issues to
address which the informal learning sector is offering a
solution for, and therefore there is increasing motivation
by the formal learning sector to look at the success of the
informal learning sector and to learn about a different way
to be able to transact learning.

Perhaps | could just make a quote from a well-known
education researcher in Canada, Glen Aikenhead, and
he made this comment: "Over the last 30 or so years, an
accumulation of research on learning in science indicates
that most students tend not to learn science content
meaningfully". He's talking about learning in schools.
That's according to 30 years of accumulated research,
and another statement goes on to say, "Research shows
that in the context of real world issues, individuals need
to be able to deconstruct and reconstruct the information
they obtain into a form that is useable to them in their own
personal circumstances. That is, construct knowledge for
practical action."

And it's around those principles that the informal or the
free-choice learning environments offer much hope,
because the research is indicating that there is great
transferability of the theory into action, when students are
successfully learning in informal or free-choice learning
environments, compared to many of the experiences in
the formal learning environments.

So thank you for your question. There is still much
more to be done for the research and there is a lot more

opportunity for our sector to be able to put our hand up
and say, "Yes, we are prepared to contribute. We are
prepared to partner with the formal learning sector and to
make an important contribution." We have much to do
together. Alone we are not enough, but together we will
be much stronger and make a difference to the successful
science literacy. Thank you.

(Kamei) That is challenging both for the schools and for
the museums. Mr. Tashiro, are you satisfied? May we
move on? Someone who is more or less in the middle of
the hall.

(Somekawa) | am Somekawa from Hands On Planning. |
serve as a freelance advisor to museums. Thank you so
much for such a splendid presentation. Maybe it was like
four or five years ago, Lynn Dierking was invited to Osaka,
and at that time | heard the word "free-choice learning" for
the very first time.

At that time, | heard the word "free-choice learning" for the
very first time and | did my homework and | was trying to
find out how it should be translated into Japanese, and |
decided "to learn in a free manner", because the Japanese
translation in the handout is too rigid.

Putting that aside, it is up to the learner that the learner
has his or her free choice to learn and at the same time,
whilst learning, the experiences of the learner is made
into use, so that he or she is to be motivated as a learner,
so that at present all of those concepts are becoming
one. But when I've heard the word for the very first time,
| wasn't quite sure. So when you talk about the learning
trend, | think you've skipped one of the slides where it
talked about learning trend. Would you go back to that
and elaborate a bit further as to what you mean? I'm sorry
my question was rather long.

(Kamei) It could be that the explanation could be quite
extended, thus we do have an opportunity at the end of
the session, and at that time | think that would be the time
that | would like to ask the speaker to elaborate on the
slide on learning trends. Would that be OK?

(Somekawa) Yes.

(Kamei) All right, let's look forward to the time when Mr.
Honeyman is going to come back to learning trends. At
this juncture, we'd like to thank Mr. Honeyman. Thank you
so much.
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The Future of Learning:

Zimig:® 2  An Emerging Role for Science Museums and Informal Learning Institutions = |
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Brenton Honeyman, The National Science and Technology CentreCanberra, Australia
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The future of learning

An armergeng role for
sclence museunms and
infarmal learning mstitutions
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+ Sclence museums as places of learning

= Science muscums as part of wider
educational infrastructure

= The future of learning

+ Role of science museums as places of
learning in the future
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Evolution of science museums

= Sgience museums have a long and
successful history
* For example, NSM was founded in 1877
= [ncreasing science knoviledge
through research
= Sharing that knowledge with the public
through exhibitions and education activities

Information rich — Experience poor | -

Frank Cppsnhsimer, Rrplorsinriom F060

= On the whels, peapbs hows
wery litthe coporhsnity to have
any direcl enpearisnce with the
asnrata @ lements af natuie o
technodogy.

& b A SCEENGE MUSET, O Can
& up these expariences In
such @ way that they not only
gensrate, bul partially satisfy

Ema Fher 1520

= Schools tend to teach
abstractions, definitiens and
explanations af phenamena
that meosd siudenis Riavvs riavar
axplored Tor themaelyes,

= Whike schonls allen put
explanalions before frat-hand
axperience of phanomena,
interactive gcience museums
tend to reverse lhis process.

m E o
254K 4
£ite : : 1
Explanation vs Exploration e Recalling expenences of iz

school science

“l rerpemibes science like this. The teachar would
present a scienlific theary (regarded as
unreproschable fact) then ask the class 1o try and
prove il ihrough an experiment — usually the
leacher would demonsirale how lo do this first and
then the students wauld repaal il. The teacher
would require us to discover' a science smeation ..,
but, to do this, we had fo fudge our results. My
impression was that science was an exclusive
subject .., inaccessible and boring. "

Traines taacher

AZ4K5
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A way of viewing “learning” A way of viewing “learning”
s Scienco museums stimaulate
Bearndng by providing visstors with
apprtunities for experimssntalion
and intenprelation as they:
& inleiact with exhibils
= participate In activities

& @ngage In corversations
with siaff

IFberact with ather visiors

+ Science museums seek to provide visitors with
experience-rich envirenments to cater for:

» Diverse prior knowledge and experience

#« Diverse assumptions
and expectations

= Divarse ways of
thinking and learning

= Diverse growgs —
studerts, farmilies, eic

AZ4RK7 A714K 8

A way of viewing “learning” -

= A8 visitors interact in ihls experience-
rich enviianment. they are confronted
with happenings, ideas and
realisations that challenge their
understanding.

# The more compeiling these
exApeniences are, tha more lkaly
viRIbors: willl “construct” or “re-
construct” mew undsretanding,

& This |5 Endwn as 8 consinectivisi
micled of learning.

271K 9 274K 10
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A place for conversations : A place for conversations :
repl ]
mk;:_.r i'?-rn.l.:t' .!.“ T,
ATLatd | TRLENT
kg r') Jtlf:l. ScucE.

274K 11 274 K12
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A place for free-choice learning Impact of science museums -
+ Free-cholce learning
# Mor-hnear
# Personally motivated
# Imwolves choice of what,
whare and when o
participale in |éarming
» Free-chaice becoming
mare accepted than
Inforrral when describing
museum kearning

Assessing the economic impact of sclence
miuseums an thelr lecal cammunithes

# Phase 2 of an infernational study of the impact
of scence cenires, funded by ASTC and
13 mdividual sciancs centres

= Fimal Report published Fabrsary 2005
www aspacnet orplapec

2714 K13 274K 14
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Impact of science museums  © Impact of science museums  °'
& 199 insliluliors from 35 counnes & Sources of revenue
& S have aperssd in el 20 vean - 41 % o public
5% have opersd in lest 10 years - 15% from private
« Zizes ranga fram &0 me fa 150,000 m< = 43% froem aarmied
tmadian = 4180 m?) # B5% charge an admission fae

& 77 millon visilors:

» To what extent does the funding mix or the typa of
w B1 milon ondaie visbons

artnerships impact on the content or bty of
& 15 milkon of-2fs visbons 1:‘ F' F' qﬂ t!|"

bearming axperiences?
274 K15 274K 16
L1 ] L
e e
What type of learning? : Not in opposition ... 8
= Formal learning or informal learning? + No longer should we define ourselves as

“apposite” 1o formal learning

= In the past, it may have been helpful to do this
as wa developed our identity, but now ...

L + Knowing our own strengths, and recognising the
* Leaming is lsaming, influsnced by strengths of others, we should position

= setting ourselves within the wider learning enterprise.
Deenris Bara by, $35WT, 2000

# Doas it mathar?
& In-=chool learning or out-of-school learning?
= Doaes it mattar?

= social interaction
= indlvidual bediels, attitudes and Enowledge

274 K17 274K 18
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Becoming a node for learning : A place for learning :
o Bach SCINtS MUSSN Can bt 2“node for Learning in sclence requires opportunities for:
s Engagement
learning” embedded in various learning networks buiding intarest and enthusiasm
= The museum will create and coordinate some s Building capacity
learning networks dﬂ-:hpulﬂg capacily to know and do science
) ] = Continuity
& The museum will contribuate (with ils ideas, uf'gl:l'l'l-,g connectione which provide dpp-ﬁriuni'liH. Tai
experences and tools] o other people’s engagamand, building capacity in sosial enviranmants
learning networks Joiy, CampioellA Parinen, 7004
274 K19 274K 20
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A place for learning

+ Research evidence chearly
shows thal people do learn in
sSCiEnce MUSEUms
® This research is helping us
uriiarstand
= how visifors “make
meaning™ of their vizil
experience

« what and how learning
happens in sclence
LSS ELMES

ErREEe

A place for learning

Contextual model for learning In museums

proposes three overlapping contexts which

influsnce learming:

» Personal contexts

« Socio-cultural
contexts

e Physical contexts

Lamming e Mussrame
Fali B Criricisg, D0

274K 21
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A place for learning

Personal contexts:

« Motivation and expectations
= Paople visit museums for many reasons —when
expactalions are Fulliflled, |Hl'r'|illﬂ. ig Tacilitated

= Prior knowledge, interests and beliefs

= Because this varies amaong visdars, leaming
is persanal

s Choice and control
# Free-choice facilitates learning

BEEEEE
L L L
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A place for learning

Socio-oultural contexts:
= Within-group socio-cultural mediation

= Most visitors attend as part of social groups where
graup members halp one another (o intenpoat
information, where shared beliefs are developed,
el parents help children, children help parends

= Facilitated mediation by others
= Vislor learnang can be enhanced by inleractions

with staff (explainers, muedes, performers) or
athers not part of the social group

274K 23

274K 24
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A place for learning

Physical contexts:
« Advance organisers and orlentation
¢ People learn better when they are confident of
whal is expecied of them; providing conceplual
Bdwance organisers helps learming
= Design
« Approprately designed exhibits/expariances and
environments enhance lzaming
= Reinforcing experiences away from museum

» Certain “meanings” may nal hE‘_tﬂI‘ﬂ*[&lﬂ until &
subsaquent avant of later experisnce

A place for learning .

The Centre for Informal Learning and Schools
= Supports research to better understand ways in
which Informal institutions contribute to public
engagement with science, including:
« learning in school
contexts

« learning in leisure
contexts

# weanw. s plomiorium. eduicls

274K 25
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A place for learning

= The CILS Project is learning that it is important
to study informal science instituticns within the
largar science leaming environment

= ¥hat happens

T
s

A place for “transformal” linking

Creating “bridges" for visitors ...

# Translating “sclence content” into
“leaming experiences”

befors & visit? - Elt—.’lﬂﬂg connections bebween
« What happens « scientists and the public
after a visit? » farmal learning and life-long learning
A4 K 27 X714 K 28
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A place of trust and integrity - e R i

& Science museums enjoy a reputation as
trusted sources and interpreters of
information

= Scientific integrity is a core value of
science museums (whether or not it is
stated as such)

Bean-counting boy finds Science Cenire
mistaka
Wiath whia, I, firut s
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cicrm'l Bde
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A place for learning communities

s Science museums continue to attract visitors
as social groups

® SoMme museums are baginning to use
"groupware” or “sociable technologies”
g0 that people can share knowledge and
collaborate on educational projects

s Groupware includes blogs (weblogs)

| S FrTET
and wikis S p o
= A B i
AZ74 K 31 274K 32
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Project IGLO: climateXchange it

» Sclence museums in the ASPAC reglon (and
beyond) promote to lecal schools and
community groups

= Groups produce a short video, photo essay, eto
which highlights an effect of climate change on
the future of their local community

X714 K 33 X714 K 34

Project IGLO: climateXchange

e Science museums help groups to consult
with climate change scientists so that
presentations are based on credible sclence

# Launch of activity on 1 March

e A website will host the stories, compiling a

global picture of various impacts of climate
change at the local level

A4 K 35 X714 FK 36
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Science museum roles? .

= Part of Infrastructure supporting
formal education?
o For what are we accountable?
o Much of the content in science cantres worldwide

is darived fram science curmculum developed in
the 15G0=

= Part of infrastructure supporting
life-long kearning 7

¢ For what are we accountable ¥
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Learning trends

Shift 1: From receplion o construction

afl knowledge

There is a4 move towards a learner-centerad
process which provides an environment to
stimulate the construction of knowledge. In
constructivist learning settings, learners
actively engage in inquiry and interaction.

274K 37
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Learning trends

Shift 2: From rigidity to muiltiplicity

of learning styles

Efforts are emerging to provide multiple
contexts and means through which learners,
with differing learning preferences, can engage
the same conbtent using different learning
strategies and intelligences.
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Learning trends

Shift 3: From central places to

distributed networks

New information technologies are making it
possible to take knowledge and learning
experiences to the person, regardiess of their
"place” or "space"”,

274K 39
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Learning trends

Shift 4: From mono to multi-media

There are increasing opportunities for people to
learn not anly what others want them to learn,
bul also o design their own learning programs
and to decide which people and which resources
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Futurist: Jim Carroll

& Rapid knowledge growth through globel comnsctivity —
&g medical Enowledge doulbling every & years,

w “JuEl b lime" KRnowledge — peaple will wanl ifarmatisn
and understanding as they reguire iL

« 'With increasing numbers of science and technology
graduates in China, india, ic, rate of discovesies and
Inmovatian will increase, leading to even more changs,

» Populaticns are trending towards greater numbars of

they will access in order to learn, ndulia, warking beyond retirement amnd requiring Turther
educslian,
274K 41 274K 42
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Futurist: Andrew Zolli

In 20 years .

& Popaulation shifts will change the types of society
we have loday.

= As technology accelerates and pesple live longer,
science and the convergence of new lechnologies
will require new skills sets,

» Education providers will grow in number and
provide education through mass marketing.

» Crealive conneclive thinking will became a highly
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Futurist: Ray Kurzwell :

+« Exponential growth of technologyisoftware.

+ Doubling of knowledge about the human brain
EVEFY YeAr —s wWorking mathematical models af
brain simulations —+ computing will simulate
brain intelligence by late 2020s.

= Democratisation of knowledge, access by all to
a-learning, access to high level education in or
out of classrooms.,

# Educators will become “mature guides" to guide
learners through the world of infermation and

valued, required skill for industries with onsite od uestion.
and virtual worklorces,
AZ74K 43 274K 44
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Futurist: Richard Worzel 82 Within a few decades ... 1

I 100 years .,

w Compiuting posser will Be frillion trilion tirses that of
ioday. fny prablem sofvable by raw computing power
willl b solvesd!

» Computers will read braimyaves directly and maonitar
whether understanding is taking place or nof.

& Educational gap bebasen “have™ and “have-not™ will
clisappaan due 1o [ow cosl of educational technologies

& Education will be customiasd 10 each sludamt, ol fece-
fed o students via mass production eilile L] al oday.

+ Education may not be dominated by schools
and universitios

+ Thera may ba a revolution in cognitive science

= Many new and different kinds of learning
institutions may abound

= We may experience a fast-paced frontier
where learning is accelerated to provide
“Just-in-time" learning

X741 K 45
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What will be
the role of science museums
as places of learning
in the future?
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BEXACKREEBKEADRY Y TICEKFREHZELIEWVWTT
L. SAEMRZ —EIC U T IEE St DEMEE P KZDMRE.
WBVWSIEEREBEICHUTRERHLTVE T, LETT, HDH
ESTEVF UL,

(RSA K#&T)

(BH) &b HESTETVFHE LI AREDEEEWVNSTETH
EEVCEWEDTI O, hEHAREE > DT, Koster
FEPHoneymanEEL SV W & BEPZUD
FfEE. [SDDTIEE. ZOHZEICEFTLIFTOLEREEF U,
KosterfEESBEWVWLERT,

(Koster) dIlF5LWEESHE>IEEBWVET, BRFE. 70O
TRAELTHREDLSFEMRNEZF > TLD A EZ S TIHE
WADWETH. ZIFEBcA XA—ITHAERICBEWVWTCHT
WSAWEEDES> TVT. TODLSHFERFERDES DH. AT
FICKDTGEDTLKHDONMEANICEEKN DD F Ufc, HFRIC
WBWAKABZRICES. ZEHENICHEEDOEIFESIDT
R

(B8) MHRBPCTFEATWLWDIEERE - SEIVREWNSH
BORE(CIE. MM ERDN D > T, ZNEFNND VA IEFH
ZERFOTVET, ZOXIEEFHEVDIDIFEHFELS SVFETH
57 JURNZERILDICRE - PEIVAHBZENZENDHEIEDL)
BVAFRIEICEN U, EBOEREDY A THhZED>TULofe
EEBANERERFEITVETD,
HEBHEARTEICHL DSV HASEEOEHAD
ANLDEAILBIF. 7 ITYUAHZERILDEBAESSWVEIOARES
DEN BN ZDFEFRRELIEDDTYT, TIH S, B
DABDEILBIE. HROMDIFED A BEDEILS EHF
DZEODDOFRA. COXDIEFHIEEZANDEDNDFT,
IWEBEAADKEZ SEGHEESZE LIEALSG. Sh5
PHESHBVHIICETHEVNWIRU P TES LTV EARES
TT. TEDABERSODFEDGHEODAILAKL T, BRIISIC
ADTCTVEFUC ZDEIBACEDEDE., ADEFIEE
[CIFEBDHHBDFET. ZNIFEOF. KEDAPYEHPEN
EHPVESBHFHBEBDAILBEFEVNE T, fIZE. BH
—&TY, CNIFEIH SIRERZRET DI ICE BN F
BEICDVWCELBE 2D TY ., EMELIF S TEDBHFEEICKK
S5IEWVNEHTTY,, Ffe. BOTWVWADZLDTITH, ELWET S
TIEHLLBEDEICDVWTREICE D TRDIHSTT., ZDLD
BB 7 I 7 NDFHERZIF AL NS IHFOEEIIEZ L TL)
FT. TNEFBDHRDSHBHONDET, Ffe. VA XDARS
FBXYANEZLDEBEGEFEHBELTVE T, ZORELNSHT
AXDANEBFBXADERDFRESZFTIDT. BOSDE
IUBEHSBYADEIIEBHDOIDET, ZOXROIFBRERS
ULTEDKSITEDTVDDHEFEBIFHIFLTLWDDTY,
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(Koster) REEICLWDVWIIFEAZRE T, ZOHBOANE
DB USORHMLICKRRICEZTTVES ESKHDON. BULEERFL
TWEBEDKIBFYTP I3V EEDZDHEVND T EERL
TWLWBDIFIFRICEKRNTT

(511 BOANEEHISEEUCNIERICELVERBVET
B BRI SZFORAHIEVNWEBVWET, BEULTEHEET
BIEHICEF. —EDODAOBDEFNEVITEEA. TDKDKE
ANEBHSOIIEEDEICHNIEWNT., ECHTRLTADA
ORI TEFLTCVDZEEFBZESLATREREBVETD,
TIH S, e B EIFRIDENEFE L TONIEIEEICELULUL.
BFLIELWDOTID, REINDTERFBZEHKHLESS &
BoTLET,
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BH) BI—FHHLBELLET,

(fFiE) EXFORBEHAULE T, BEEVEVEREE
VIURIDLDT—IDFDHFTESHUL>L D VD TH
RESECVEREEVLWOTTN, AT a=5—yavnhsE
FVWAWAH->T BREEYEDIZT 25—y 3 vDiEE
EUTREEREBVWET, ZRRI SO EVND &L TAED
BREMEOTOER®, U4/ I VR ERFEDISIFEDOH %
BE2CETCENEETHDEVNIEREDEEBBLTELD
ULWTUL & DD

(BB ZTS5TY, HFANBELTIHEEATL.

(BH) CIT—EREIDEVERBVNET,
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ER#EE 3

SAEHRRERE & T ORROUTEITICH T DER

Hi5 1858 ENHIFIBRYE AJBHRE bt

Collaboration of Museurn Activities from
Fesearch to Exhibiton

Hisan BaBA, Depaiment of Anfmepokgy
Maliana’ Museum of Rabore and Scenoe, Tokea

al Sangran, Jaa

Feconstnchon of Homo oS tace

Frocess of museum activiies:

A view of ressarchers

1. Field research and collection of specimens

2 Cheaning, identification, and registration af spacimearns
3 Dascoption and comparative sfudies on the specimens
4

Systematizaton and Generabization aof knowlcdge
abtained from various shudies
5. Prormalion of knowledge

nside the museum: exhibilion, leciure, experiment, ehc,
Chetzide: book, magarine, newspaper, TV, radio, elo.

274 K1

274K 2

We study evolution of Javanese Homo erechus -
Japan-lndonesia j-lHI"lI reEE e ﬁ-rl‘.‘itﬁl girse 1575

WP s JeaminesR e HIGMA evmcilieT

&pe 18 o 01 milian years BP

Hedght 1810 1 8m  Weapht: B0 o B K§

Brain voldume BOO bo 11000mi

Sline ook Oldosan prrsilie Aok i

Why is Home ersctus histoncally important ?
Dulch anatornia Eugene Duboi praved Darvin'e “Theary
afl evglution” by the Minding of PRRscanthropus srecius
fossils & Trinil, Eas! fava, in 1891.83.
This fact conbribuded nat anly to the origin of human
species bul also o the basic recagnition of hurmarnity,
This skul Bp = 8 Hobolype of Hormo ereclus

=
N

Weamurrenl of Ehe inding

A74K3

274K 4

Cwur way to achleve fruilfud resulie = the fledd ressarch an
Javanese Homo eracius fosslls

1. Promobe fnendly and respedtabie human relabonships wih
rcneEan collesgues and viiage peoghs

2. Gl enough budget fo conduct 8 ngHangs joint resanch
possibly ey e

A Wmhe: and putlish significant scientific papers

Example of owr research ;

Solution of Maganthropus (gant man) problem

Thiere weis BEN0UE BRGUEMens an The aMinies ol the exdemesy
large testh and mancibies found in Java

1. Froposs 3 e genus. Meganiheoiis: nakeecyavanicus

2. Belongs 1o Afrmcan gerus: Faranifroows sobustus or bormsy
3 Belongs infhe same species Homo ameoius

deganihiopus mand ble

AZ74K5
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We revealed that Magenthropus belangs to Earlies] 1{ [ # i i [

Hiowma arasiis 4 o & ] i
Earliest H JI,J d; Examiple of cur research
a1 Eotiant W arsctus in ,g-f,,;," | Termination of Javaness Hamo erectue 7 |

Earliest Homo srecius
has lange beath and -
|m;?wru|u.: Hurian avalution and disparsals ﬂ

i e

emadl dith @ = :: Javanese Mamo sractys
mandide Jwahaslame o = Z L e
A74K7 AZ714K 8

Did Javanese Homao erecius evolve

Repalriation of Sm 3 shull brought a great discovery of Sm 4 skul
into Aborigines or die out ?

@ o

" 1EGE. & tosad| cheale i New York nesguested me 10 buy [his skl &
S 30000 0 | pretended to prepane the budost for purchase and
comactsd Indonesian solkagues bo detect ks provenancs They
found that e sl was colliecded from Solo river ed al
Eambungmacan by a sand coliechng workman in 1987 and (legaly
bramepoied b LA by an anfigue dager, ARer haed regolistion. fhe
skl v fraily nelumed &0 indonesia

1,000 years BF
Australian Homo sapiens

50-0
(Aborigines) T 2

Late Homo erecius Ng12 300 =50
Specialized features .r 2

Early Homo eractus 517 1300 - 700
Commaon featuras

Diid Early Hamo eracius evolee into

ke md willage pecpie and askerd eem 1o mferm & 05 A20E, Gur
Late Homo amecius?

courfampart, §they found = skl Sethat And i came e shorsly

AZ4K9

274K 10
In 2001, a workman Townd the shull (S 4} from Che river Dad
just 100 m upsbrearn 1o the find epod of Sm 3 skull. Devedopment of desved lealures in
He spant reward af the finding for & gamble and was firally Javanese Hame ensctis from Early, wia
divorced Trom his wife. Middia, o Late farms

Early Middie Lafc

517 Sm4d Hgi2
High and large vaul Ha (g [¥] Yios
Siraaght brow ridge Mo Int  Yes
Foraman magnum long Mo Yes s
Fosicondylold tuber Mo Yes Yes

Eandibular joint Wo Bt Yes
gpecializad
Tha gkl vault and the base were completely presared.
Surfaces are intact in every delail
274K 11 AZ74RK 12
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Devalypment of desived features in
Javanese Homo arecius fram Early, via
Mliddle, bo Lade farme

Early Middie Late

517 Em4 MNgi2
High and large waul Mo Mo Yes
Straight brow ridge Mo I Yo
Foramen magnum long Mo Yes Yes
Postcandylaid tuber Mo Yes Yes

Javaness Homa argslus developad specialized leatures in
mandibukar joint; absence of poslglenid process and
entargernant af tympanic plate.
rTHATEEATREE /A
i H Eapkeng and Javaness H oreaiug

Mandibwgar joing g Int Tas - i, 1
spacialized Schame of avclution of mandisulsr joint; T R
FOM S gk us
R —
274 K13 274K 14

Micra CT ecan data demonsirate 3D images ol sufease
marpnalegy and high ressiubion innear sbnuciumns,

274 K15

Late Javanass Hama arecfis
dovaloped spacialized features and
did not evoive mbo Ausirakan Home

sapkans, Abarigines.

1, 000 yengre: B0
4 ymirnlon Shongines S0=0
HOMmo San s t Mo
3 Late Javaness H oroolis 300 = =
speciized feahures .I.
Yas

2 MWiddke ] H awcius, Sm& 100 = 300
Infer mescharie fealunes

I‘I’EB

1 Eany Javaness H eracius 1,500 - T00
cammon feabures

274K 16

Cur study was published in “Science”, Feb. 38, 2003

The resuk $is o the Recent ffncen Ongin Model of Horme sapes

Homo erectus Calvarium from
the Pleistocene of |ava

Bilss Babia,' ?® Facbronl doh.,” Yourshs Kaifu,' Gen Sewa,®
Mpiho T. Kona,' Tewku jscek"

i Mo pwrhn cehiEn SETELBETRIE 4 (8 d]] sk e Frem
BEtrocHE dedTdali W Cwebegrace o mebd bep o -corgated
Wi o ey iy ¥rom o TedeT barar-iks ol Eae e e
e Wiy 8 b plavycephal aldl iephaeg thil Be esiiion of humn
SRS Pabeitly min iedepredert ol cranal baw eacr. The ovirsll e

ey of S 4 i inerreedians bawvesn T of el e s proascer
Mo FRCTRL, Gkl awe plaingasl sproelaoT @Y FEEY LTTEES A

pirad v g labine They wppar e bppocteadi chist Lite [r

EPEH FREANE i L Lo R
i e arwdey ol wpdem by e,

2ur il research s el poing an

Gookoi srvey wiss carmed ol
in the upstream ta detect the
Laryer i whiach The skl wes
onginally deposiad

274 K17
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‘Reviving Pithecanthropue” temnporary exhibiion in 1996
Thie empenar and affprass vigied the exhibfich

Example of our research!
Population history of Japanesa
Arcund B0,000-50.000 years ago, Homa sapiens

dispersed from Africa to abower the world. They migrated
nbe Japanese archipelago abaout 40,000 years ago.

274 K19

274K 20

We study Minatogawa remains, This is the best preserved
skull from Japanese Late Paledithic age, date back o
about 20,000 years age

In Jormon age, 15,000 ~ 2 500 years &go, peope with a
sharp and ragged face lived in allover Japanass
archipalag:

They wem hunter gatherens wih stable rescenoe

274K 21

274K 22

HAraciend Japanese face was rapidly changed, about
2,500 years ago, bebawesn Mesalithic Jamon age
and Bronze Yayol age.

Jamon age and bedore: i _"\-l'.l'! :
Hunting and gathenng Iife o L ! =y, QP

Change in ife style or _-'

population turn over — —

There are two types of face in Eastern Aszia

Southaast Assan face Hortheast Asian face
shanp and ragged 1ece plana and flat faca
= Jomon face % Yayoe face
comman (nthe workd owar unigue to Northeast Asla

il 1 y N
|I l;' |'j.:';.-.-— -, -II
Yayol age and after: W) .I¢ LA
Agricubural lifs rl.:,'" _,\":*1_:1 ey B g
imad | e
"'-\.'_ _.:" L
A7AF 23 254K 24
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In Yayoi age and thereafter, Migrants with a flat and plane

Exparion of Northern Asisim face dispersed irfo Japaness archipstago

About & 000 years agn,
Mortharn Asians migrated
from Sdnana
bo Mortnaas] A6la,
ard to Southeast Asia

They alec migrated into
Japanese archipelago

Thie i the beginning of
Yayoi age.

X774 K 25 274K 26

Diual structune model Tar the poputalion history of Jagamness

oy Fdriare {1965) “Jomon WS ¥Yayoi® exhibition in 2005

2B ARIANY

Cokd adaptation in FALEDLITIIC

We arpany  SHOETEA e asraws
HINEEH HEZLITEIC

Which is mare
Japaneselika?

Migranis Hunhing =nd
7 e
fgncu bure g
AV mirANETE - -.: Elementary

HEIKEHK . IRFAKTRF

HAIH 1ELEITS
274K 27 X714 K 28
Preparation of specimens: We do this by curselves ldeas an the recent iofal renovation af the permanent
exhibibons in the Mational Mussum of
Endacast making Famowing a foessd] from slicona moid Mature and Sceence, Takys

In geder That wisikes can urckerslang acenlilc knsledce with
imenest 2no emotonal impad, we, Cepstment of Antreopalogy
cesigned exhials bxsed upon folowing idess:

1. L\ gerwine speamenss of precie neplcss, We coleded wirous
ErEcoE BEsamans am many Pesearcness in fhe womd Then
WSRO 0an pet thedr own images direotty fiom specimens

Shire activitees of fiekd and BEosn ke Wi e sevaral
™ s, T G TRsaeach, Wisehors. wll resiieg haosy sckantinG
facts and knocwiedge ane going bo be produned

3 Eshilel recgmetrocied ancienl humans. W made 3o 20 e

hguees, by which vsiors easily recognoe physcal featuses of
sncient people and sslimeie (her sibes and berayom

4  Combing imardEspinan B and ideas Ve requssted

it

coliaboaton fo an sk, sifinckgies. geologsts., arss
el Wistkiaie can undersiang humsan ﬂ.l ulion 88 & Fislory of
Paman =ngs
Canes of =word cut and syphis W=olhc Jomon skl
274K 29 X274 K 30
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75,000 years oid shell beads and red
oeobeet with cit marks: Okdesst oma mesnts
Parmanan] ednbion of Dmaris e

Escavaion and homnid il

13 mode of & 21m ong double canpe lor pcean voyags

Reconstructing ancient humans, wa produced a special scena:
How do thay react wihen they came from anclent times to
the present day and sea visions in the museum?

274K 31

274K 32

Ausfralppithecus woman, “Lucy®, is completely upsat,
mowad te teas and snivals
32 malion years ago, Siatune; 1 m, Weght: 25 Kg
Bran wokame 350 ml = 4 ol Fal ol Homd sapss

Hamo arecius, “Turkana boy® of 10 years old, s

ngntened but puts up & biuff,
1 & milon years agn, Stahre 1.6 m, Weight 5 g

Sraem wiame S00mi = 273 of thal of Homd saiess

X714 K 33

X714 K 34

“La Ferrassie” Meanderthal Man is cool, abserving visitors
carefully and bries to understand the situation
70,000 yeams ago, Siaturs: 155 m, Weight B0 Kg
Brain volume T600mi, a il langar than tat of Homa sankes

Recorsirucling Meandarthal Man
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Just reconstructing “Historic joumneay of Japanasa people” Wi Ghhchac] vanGus large-scaks [empaiany bl manly based
. upon au reseasrch and relsted acinties, n oollsborabon wih
cidEae mathutions, by tha help of Dapatment of Exhiition

Year Toe of mdikign Coaspamscr  isios  Collaboratae win
1005 Himsman besh) waild Famnin Mie 480003 Anelosy Bedlnmg
TEE Mevwing Pihacanttecpus Yomut Hewa T90 000 indonesa. GRTEC

1082 Hympn face Yomun Mews 310000 Academy of Face

2001 Peehsnorc ppamey W Japan NEK TY 0000 Maseusm ol Helory
2002 Fisding ol Hovne anbaivd 1adeki Our v prodiiclhion

2004 s culkera s Ty IO 060 Hoensums Museim
2008 Joman 5 vawni Forin Mesy 71000 Woseym of Heiory
ZD0E Warld heritags. Mesca TES TV 0000 Feng Mussum
HOE Wommy: inside the siory  Azabl Mews 350000 Waseda University
2007 nca, Minis, Azl MHE TV T Tk Lin bty

274K 37 271K 38

fkhaugh it needs much tme and effor for me o concem
with not only research and collection budding but also
exhibitions and gther museurn activities,
| feal happy a5 a musaum persen when | kndow weions
gy aur exhibits, explanation talks,
and other programs

| wepuild Mike to express my sincare thanks at first to all the
siaff of owr ruseum and secondary to those of outside
organizations for thair genergus undarstanding and
lond cosgaraban For aur sctivities.

And, thank yeu foe your kind sttertion.

274K 39
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(1]

ENEIREMER T —IVIN—bF—2y T

Al HE  ERFEYEE

CRAWVWEREESDHED SEVE Ulc, EIIRZEYED
BT - FEEOERTY . SHEEELINZEYETSEENS
Wb idmefc. EMHAEYERI—VIN— =2 v TD
HREBEE BREREBICOVWTTRBRNTSETVEREE T,
(UATRSA FMHA)

FaiPICKosterf§Eh 5 TRV WK S (S, FhfeBD
EURZEMEIF 197 7F(CRISN, SETHE 1 30RF%Z
WA FT . ENHZBYE S ZRBEOBMRIE. RIIHIICH
THDLF T, HRIFICEEEZRNICRESNICBERMRIC
WBED. AR 14EICRREBFBYELLDE Ul COFE=ER
TFELTVET, CNHZDOIEFRDFETY RRBEEY
ETREF L. BFOANDYRZED T, BRICHHDDH
. TEREDFERE. B, 189, S EDBMIEAZRD
[CERFILE LTz, Fie, SROFRBBICRED B TH e, BB
LM EYREAZREL TEEZRICETUILD I DL,
ZDREZRICLICEVSERD S DT T, TOHFHSER
ZEHE LT, BRRIEOITEFEZIEELTVEZ ST,

BTADSNS5D U » 2 DRERBNSFMDEY T .
77ERORYEND ZETI D, FRABKDEREEEL LT
BTCONCELTEYTY, &Rl MEIFORAENDE
DTRODULTWVWERIFDERBWVWET, LT, BHM24F(CIRE
DEMEDOZIFEED, 200 1 FEICHIITBIEAE VSIS
bF L,

REDFERIEEE - FHECTI, BMBOET/N - F - BRE
DORZFHNETE - BlZEH2ENT. FEESERENZR
<EHULSMERERTRIRDIILD - BXKS - tHULT
HEKD? fehITAEE] ZREELE Ui, BB 1 FIC[E—RE>
DHEEENEHDEREFDHBERS VT 4 VHIEZHEELX
Ufco ZHIE10REELEEVWTVLE T HY IRETIEF3008LUE
DADERUTEEHLTVE T, BHE3FICIBBEZERILL
FeHEMTHEIC KD . HEBZEDLL D ESICFHAFEICIFFERE
FIEEDHRNVSIBYENRZHET DENTT 4 —F v —X
TV —ERIFTTVET,

BAECSII 2E—DEILOHRENEHZBMES LT, BR
MZOMRLE EBICEBZIREBFDMRFR - FEICHZANTN
EB

IeBOBYEICOVTHRICHEZB/NSECVIEER
Yo MITBUAAELRZBYEEEALEBANZCET S
A, iz, BRONELREZTL. BRFOTAICKD. B
AMZRUHSBEDIREZRNS I EZBNELTVET. C
NFERETEHSNTVE T,

WMITBUAAE SO TH B EHFHERZRITTVE T, BR
BEDHMIRKICINZ DD DEB K DIRME. BARZEEFIC
H 9 2MRDOHEER U Z DR EFFEROMEA. EASNDR
FRIEVEOEHORRICHES I DTV aFILEy I —#EED
7R EHEDOBAERZEDFCHIT DAMBRIEZZRIFT
WET, IBESIEREFBRENSERD S D X LICRBEZ
BB LTCVBEBVET,
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CNSORAE - HEREE. FRNEZTH. ACOBZEUTS
V—ALICETDER - FEXEIHZINZNNEZFTHTV
Z&EZUTHENEERE TSI EICKOT. KbRLW—E
ADRMZEBELTVEXT,

ENURZEEYETITONTVSMAOHEHE LTI, <
ShOYHHDDTY N, BREMZNAFRLH D, INidk
FEDBZEEDHRICERTDECHREBNET,

Fle BENE - RIERITERARNS DO E T INEOT v
hTY,

Flo. DEEREY - EEREIHRAMTONTVE T,

INSOMARRZE TR TERRERE U T, 2Fa1ICHIER
EBEA—TVUE Ul oo 2FMIICERENEIR ULESNTH
BOFERDKDZ 5. HRYIOTHEATER360£ D SNE
Ufco BAREBRSEDARICA -T2V UET . TNUFHELHL)
ERIF2BDREEBNEXT,

ZOMICIF 1 FEBICHRIRZIAREF L. ADERREEYU—X
Z10RBFETEOTVER T T SICHB MDD DERBAOFHEEE
PHEBLEELTVE T,

FREDEEICODNEZANTER U T4 —Fv—XtEY
F—ZRIFED . FRICHAIBEZ{TE b, EHADIRE
FZDL 2O ULTVET,

X2 7—YavHERULTVET . BREICSVTIERKE
BEDMAECRS VT« 7 EEEMNEIHIZRITTLE
Fo CNUET 4 AANU— =T DHFFTI D, HR[CLS5D
L»2DEFEFEDFTHZEETT . BRECIDLIE =T
BITONTLET,

Fle. IR EECIDAZEB CRBECDHDANZEANTVED,
BATIVRAOAZT 2 25— ERERBECDVTIE. BAEEEL
WERBADY B D F T,

REZBBELITDHIC2005FED48H S, I\ - F - B
L OERETROAERNEERCUE U, BEH. BERRIIC
DLWTHBHEREEULZTEODTVETD,

THICKPZEDOEYEFNRZERIHIC. BLRZAEYEKX
EN—bF—2vTERI—FULEUfco KZIN—FF—Ty
TICOVTIERIFEHAL GO E T,

WIRED A —T . RFRIRDOMI. FEOIDHEHCKDT
FR1BEEICEI1 208 A, a1 7EEICIEK 1605 ADT5
[CHREELTVEREF Ulc. 2EXEEHICHKE65,000AD
BIRBMUTWRLZEDTEX Ufce TDKIFEFENDE*
LLAREICDWTIF, IR—LR—=IDERTVEITET .



ZIhS5H. SHOXREDEILHZABYWER T —IL/I\—k
F—YwTILOVTTY,, EUHZEYETIHIRANTHERE
[CXIGT DIcIC, FrL18FE - KEELD., I\ - Bp - BFF
REDEHEH-FC K DEIRZBYERA I —ILI\—F -2y
T OIS, FRFEXETIOI S LOMRRECEF
LEUfc. COERE U TIERDER & B OERE S B FB
THDO. BYEFEROMTHERENCHERBL TV UL &
e, B - EREDEPEFASIEVCEEH DI U HE
HEMRELTF v U T7HENOHLHROSNTVET, &
PEEICRDDIEVE (FEB. ) [CHT DRRDUELEWND
FRDDDE T ESTADEPHIF TIFLDDTL & Dh%

CDRIBERZBETACELBAEMER T —)VI\— K
F—=YvTELTR CDKRSBABTZEZEZ X Uc, BNIRIZ
EYEE/N - - BEFRENHB L. EREBYEDENZ
NOFBEZEED UTHEER - GHEEEY AT LAZEELE
9, ZUT. ENFRUEZECHEEHE LT, EICARRED
N BEPREEDICRE - BIE LR, 2EICRETD
EVWSTEZEEZTVET,

ZDEHICRT—=VI—=bF—2 vy TTIE, EYEEHET
EFNTOTSLZRFE - RETDRI—)VI\— b= v T
REFRITFET RT—IVI—rF—2yTDHFELTIF. 4DD
CEZEZTVE T, UEDEIFEMEDFEZWVD LT IFER
NEEBZRFE L. ZRONDYUF 1S LFICTH>THRILZET
BTETT 2DBRRBZEEI-—XTYT, ZBDHL]ICF
EUWEWSFZEFEDTVERT . TNUE. SEABIEEICREL
RE&E - &£EICHITDHTOTS LT, 3IDBIFMEAFERTOITS
LT, - @REAIFOTOT S LDREF - RiEZ{T/EoTL
EXT.4DBR7IY—-RI—-)ILTOTS LTI, TNIEHRZE
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[ 4] Current State and Possibilities of Universities Partnership Project ‘
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Keynote Speech 1

-

Preparing future scientist educators: the Center for
Informal Learning and Schools (CILS) Science Fellows Program

Candice Brown, University of California, Santa Cruz, California, USA

Good morning, everyone. 1'd like to first extend my
thanks to the National Science Museum for the honor of
presenting to this audience and attending this symposium.
| want to, before | begin, give you a little signal as to how |
present, because it may not be typical. My pictures are as
important as my words, so they are data for me and | think
as much if not more can be learned about our program by
looking at the pictures, the graphics in my presentation
as reading the text. So, if | don't point out the pictures,
please take a notice of what's going on in them, but | will
try to point some out.

| am the director of a program for science fellows at UC
Santa Cruz as part of a larger center. And I'll talk to you
a little bit more about what that means and my role, but
| happen to be one of the lead instructors of the courses
for our students and my classes are less than typical. So,
they're often rambunctious and out of our chairs and a lot
of discussion and heated debate goes on. I'm not going
to encourage that today, but | do want you talking to each
other. One of my early slides is just going to be a little bit
of getting the room discussing.

| think that we're talking about a lot of things at this
symposium and all of them are extremely important. This
is about science communication. However, the program
that I'm working with is slightly different than just science
communication, it's also about education in the larger
sense of the word, what it means to teach. And so while
the students that participate in our program learn hopefully
how to be good communicators of science, they're also
learning how to be good at helping people to learn and
gain new knowledge. | just want to bear that in mind
before | begin.

| wanted to start with a quote from one of our students,
a female scientist. She is a genetic biologist by training
and she was one of the first members of our project.
She says, "l knew | wanted to continue to be a scientist,
but also | wanted to get the tools and resources to be a
better teacher. It's great to have people talk to you and
get feedback and find out about effective teaching. Lots
of people are interested in participating," "all of us feel
we have an obligation as scientists to bridge scientists
and the public and scientists and schools. Researchers,"
"don't connect to schools. We, the CILS fellows, plan on
building the bridge in the future. CILS has given me the
resources to put that bridge together."

The bridge doesn't get built on its own. It takes a lot of
people and a lot of resources to build a bridge, both in
practice but also in theory.

| wanted to point out as a part of her project, these
pictures that she gained from her elementary students
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about who it means and what it means to do science.
And on the left, that's sort of your traditional lab coat
drawing. We've seen these drawings of scientists before,
but she was surprised that it's still out there. Lots of girls
draw pictures of men and in lab coats doing top secret
explosive alien research as you can see, sort of this very
strange notion of what it means to do science. And
after her participation with the students, there's a female
actually digging up fossils and working outdoors. So in a
very short period of time, there can be transformation of
people's understanding of what it means to do science.
This is where you get a little participatory. I'm actually
going to draw upon the fact that our partnership is a
university program, but it's a partnership with museums
and a partnership with schools. And | want to draw
upon a little bit about why the museum community was
so important to our partnership. It's a way of thinking
that the university doesn't necessarily engage in but the
museum is so good at, and both of our presenters in the
morning talked about this, as well as our presenters in
the afternoon, about this engagement, this experiential
learning that goes on. And it doesn't take a lot to get
people to be experiential.

I'm drawing from an Exploratorium exhibit called "Bird in
a Cage". You actually can't touch it and yet it can be an
inquiry. I'm going to ask you to participate. There are two
birds, a red parrot and a green cardinal and a cage in the
middle. I'd like you to stare at the eye of the red bird while
you count slowly to 20. Then look immediately at one
spot in the empty bird cage. I'll give you a moment.
Actually, | would like you to turn to the person next to you
and for a moment talk about, what did you observe or
notice? If you had any questions, what were they? What
did you wonder about as you were doing this? If you can
take a few moments, please talk with the person next to
you. We need to do it again if you're not seeing it, and try
with the green bird and talk about that as well. This is to
get us a little bit waking up in the morning. You really have
to stare.

Anybody want to share some of the things they might
have seen when they did it? So the gentleman looked
at the red bird and saw a turquoise bird in the cage,
and when he looked at the green one he saw a purple-
magenta one, perhaps. So, did you have any, anybody
has any questions or wonderings when they were doing
this? Did you notice the bird floating away? Did it seem
like a ghost-like image? Did it look clear like the birds?
Amazingly, you can spend hours wondering about this.
Why look at the eye? Why not the tail? Try it. If you
look at the tail, the bird flies the other direction. | kind of



wonder why that's going on. What if the bird were blue?
What if the other one were yellow? What if they were
multicolored? Interestingly enough, you can look at the
word red up top and the word green down below and you
can get the same effect.

Why am | having you do this? Because science isn't just
about facts. | think we all know that. It's a process of
wondering and engaging curiosity, getting people out of
their comfort zone, thinking about how you can observe
and observe again and what new things you notice going
back. It's about wondering and wondering where your
wonderings take you.

I've done this with a group of physicists actually, and then
| had a table full of construction paper of different colors,
colored markers, different backgrounds, and hole punches
so you could punch eyes all over the bird and see what
happens. This can take you in numerous directions. |
can't even begin to count how many explorations you can
do from looking at one image. This is the beginning of the
course we do as scientists, thinking about how learning
and teaching can look different than what happens in
university courses when we do science. And it doesn't
have to be done in an informal context in museums.
Scientists can use their own data to ask what you observe
and what you wonder about.

These images are of galaxies and you can also take a
moment here to begin to wonder, why aren't they all the
same color? Why are some disc-like and some spiral?
Why are some bigger and some larger? Is it about how
the photograph was taken? Are some old or some new?
How do we categorize them? This also was the beginning
of an investigation by students, high school students
working with astronomers from the UC Lick Observatory in
Santa Cruz. And it came out of a discussion in one of our
courses.

I'm going to back up. Who am 1? Why am | here? What
is my center about? So, Dr. Ogawa spoke a little bit
about the Center for Informal Learning and Schools. It's
a partnership and we spoke a lot about partnerships
yesterday. They are very important to this discussion. Our
partnership is with a science center, the Exploratorium in
San Francisco, which was spoken about a lot yesterday,
which in itself is a community of scientists, educators
and other kinds of people joining together and trying to
think about that idea of science teaching and science
communication, actually founded by a physicist who was
interested in building bridges.

It's also a partnership with the university, the University
of California at Santa Cruz, particularly the education
and psychology departments, with researchers who are
interested in how people learn in museums, what kind of
learning takes place there, how museum-type learning,
aquaria/zoo-type learning can help us to think more about
school learning and how school learning can help us to
think about museum learning. The relationship goes both
ways. But it's also the scientists at our university that are
involved in this project and I'm going to focus a lot on that
particular project today.

Our other partner in our CILS program is Kings College in
London, who has a long history of doing very innovative
research in science education as well as having wonderful
partnerships with museums in the UK. And | would be
faulty if | said that we didn't have partners with many other

science centers in the U.S. And it's not necessarily the
institutional leaders that we have partnerships with, it's
the educators who come together and talk about how
challenging and how rewarding it is to work in science
education in this current landscape.

The CILS also has numerous programs, one of which
is the Informal Learning Certificate which | won't speak
about today. It's a program that actually takes museum
educators and talks about education learning and theory,
and gets them to think about how our museum programs
really advance learning, how we can improve upon them,
how they can tell us interesting stories that we can hope to
inform researchers as well have researchers help to inform
our programs.

CILS has a science education graduate program in
which we fund doctoral students studying learning in
the psychology and in the education programs and a
postdoctoral research fellowship program in which we
take graduates and advance their research agendas, and it
is also the science fellows program which I'll speak about
today.

Interestingly enough, this project was funded by our
National Science Foundation, the government, and it
wasn't to produce research and it wasn't to produce
programs, it was to help produce people. Our product is
the people that leave our center and go on to do different
things. So the goal was leadership and building capacity
to have science educators who work in museums and
understand what that means, to have university faculty
that maybe are a little bit better at encouraging people to
follow a program in science or just become literate citizens
in terms of science literacy, and to work with teachers
in an ever-demanding technological and scientifically
growing society.

So who are we and where do we come from? The science
fellows, | mean. The core of this program is the students.
It's not the faculty, it's not the university, and it's the
students. And while it's a small number, 16, they span
the sciences. They are PhD students in biology, ecology,
physics, chemistry, environmental toxicology, ocean
sciences and geology and the number is growing. But the
investment is a lot, 16 students; it is a lot of money to put
in 16 students actually. But the outcome is, already in four
short years, they've impacted directly over hundreds of
undergraduates, elementary school students and adults.
So, | think the investment is exponential in terms of the
ability to grow out these ideas.

How long are they with CILS? They're with CILS for
three spring quarters. | pay them for the fellowship, to
participate in courses, design, do outreach, implement
their projects. However CILS really gets them for a
lifetime, so far it seems, because once they leave and
graduate, they still consider themselves to be CILS
fellows. And even while they're at the university, in
their laboratories doing their research, they're still doing
education outreach programs above and beyond what's
required of their fellowship. So the commitment is not
because of the financial incentive, it's because of the
intellectual incentive.

The faculty members are scientists, education and
psychology researchers and science educators, and it's
an important blend. We actually asked our students what
makes this program work. And they said it's not because
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it's taught only by scientists and it's not because it's
taught only by educators, it's because they work hand in
hand. The scientist helps remind them. They were always
talking about science and the cutting-edge science and
research and those educators help bring a lens. What
does it mean to learn content? And that's an important
difference that the scientist doesn't bring. Having the
dialogue across the community is what makes this really
unique. And they're known as hybrids, that's what we call
ourselves. Myself, Sally Duensing and Barry Kluger-Bell
all have science backgrounds and education backgrounds
and all have lived in informal science institutions. So
we all spent numerous years in outreach, after school,
working with teachers and working in museums and they
call us the bridging people.

And | think that's what programs like we're talking about
today are producing. You're not just having scientist
and you're not just having educators. You're having
people who solidly have a foot in both communities, who
understand what it means to educate and communicate
to the public, to young people, to older people, to people
with no science backgrounds whatsoever or very limited,
and who are legitimately able to talk about cutting-
edge research and who understand how to speak with
scientists. And all of this is situated within a larger
community which | spoke about earlier.

What are the goals of our program? It was to develop
people who were more than scientists. They were scientist
educators and | think it's important | don't call them
science educators. The role of these graduate students
is not to teach science. Primarily their goal is to still be
scientists, but they're scientists who are also educators.
So they're not just in the role of scientist.

Our goals for these graduate students were that they
value diversity in learners and our speaker yesterday, Dr.
Honeyman, talked a lot about that. There's diversity in
the cultural backgrounds of learners, the learning style of
learners. You can go on about all the different diversity
that happens in our learners, and we want our scientist
educators to value that and understand what that means
in terms of teaching.

It also means reflecting on your teaching practice. You're
never done. You've never got the right answer. It's a
process of constantly revisiting, did | get it right, and what
do | need to know and what's the current research now
telling me about how people learn? So it's an ongoing,
lifelong process.

It's also teaching science in a way that mirrors how
scientist is practiced. And | think that's been mentioned a
lot in the last talks, but | can't reiterate how important that
is. And valuing and using a body of research on learning.
There's a lot to be learned from the cognitive research and
the current research on how people learn, that helps us
as scientists to understand better how we can convey our
messages.

It's also participating in a community of science educators
and | mean that big. And it's also putting these things
into practice. It's not just knowing, it's a doing. So it's
designing science experiences to address attitudinal
process, skill and content goals, not necessarily all at the
same time. That's a pretty hefty task.

The program itself, | have already told you, is three
quarters. And | would say the key to our program is
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that it models what it means to design and to teach in
science. lt's research-based, it's innovative, and inquiry-
based. It requires shared responsibility for both teaching
and learning. And what | mean is that graduate students
actually co-teach the course with me as part of practicing
what it means to teach. They co-construct the curriculum,
the syllabi, with me, as we move along through the course.
It means to observe and reflect on learning experiences
| was really glad that one of the participants yesterday
talked about sending her students out into the field to go
look at science museums.

We do something similar in our program. | have students
go out and look at science museums, but | have them
focus on what learning looks like there. How is it similar or
different to the learning that you see that goes in university
classrooms or school classrooms? And as most of you
in the room who've ever been to a science center know, it
looks really different. It's young children talking to young
children they don't even know, perfect strangers around
an exhibit. It's young children explaining to adults what
they know and telling them how to do an exhibit, how to
play. It's adults talking to young children as well, reading
science to them, discussing ideas in physics or chemistry
or telling them what to observe and notice.

All the students notice, when they go out, that they never
looked at learning before. Looking at how people learn
and engage in learning experiences can tell you a lot about
how people decide on their own, this free choice, what
they want to do and how they want to do it. And how can
you bring those kinds of science experiences that take
place outside of school into our understanding of maybe
how we need to bring some of those inside of school,
because the kind of enthusiasm and engagement and
motivation to do science is very high in science centers.
But at the university, at least the university that | work
with, we have a high level of attrition in the science. In
freshman year, it is the number one major at our university.
By senior year there is much attrition. They are flooding
out of it. What happens in four years and how can we
begin to address that?

And | don't just mean it the university, because if you
read the current research, it happens all along the way
in the US. We lose a little bit after elementary school, a
little more after middle school, especially girls, we lose
even more after high school and then we lose a very large
number and then imagine what happens when you get to
the PhD. So how do we begin to encourage people that
this is a good path? And | don't think being a scientist is
the only path, | don't want to send that message. | think
just being science literate is really the ultimate goal, but
we do need scientists in this ever-growing technological
society and scientific society.

So, after observing and reflecting and reading about
learning experiences, science grads actually test, pilot,
an education project of their choice, usually in their
content specialty and collect some data. They design
assessments to figure out, so I'm going to change my
teaching, does it have an impact? And if so, what is
the impact? They design assessments to evaluate their
projects, then they come back, share with the group,
present out what they've done in their pilot year, reflect on
it, redesign, revisit, do the whole process again in the third
year and scale up.



That's sort of a really sketchy outline of our program
and I'm going to talk a little bit more in detail about what
exactly happens in each of these components. It's an
extremely iterative process. It's an extremely collaborative
and social process and it's fairly intense. To supplement
this, we actually go through intense workshop experiences
where we broaden the participation, actually 50 science
graduate students get together from across the US
and spend a week together talking about teaching and
learning. And again, all throughout these courses and
this implementation of their science projects, they actually
participate in other things, like colloquium, in which they're
hearing about cutting-edge education research or scientific
research and talking with other scientist educators.
They're also participating in social events, because
learning is not just about talking about science all the
time, it's getting to know who the scientists are in the
room or who the educators are in the room, we're all
humans and that's an important part of doing science.
We forget that in the lab often we're filling test tubes, but
we're talking about our families or we had a bad day and
how we deal with that and how that influences our ability
to ask good questions. So, part of being a scientist is
just doing everyday things as well and we reinforce that
in the community practice. Sometimes hanging out with
scientists and educators, but not having to talk about
science and education, is important.

The program, the inner circles in the blue are the primary
content that we cover. The green is the processes in
which we discuss the content. And | want to recognize
that this is all situated within multiple communities. We
begin really with a discussion of the nature of science and
| can't underscore how important this is, because | think
if we're going to teach science, we all have to know what
we mean by that.

And it actually would be helpful if for a moment you
thought about what is science, because some literature
talks about it as a body of knowledge and represents
it with a big book with a lot of facts that other people
discovered. Others talk about it as a way of knowing,
a way of navigating the world, of asking questions and
developing hypotheses and testing and re-questioning
and observing and predicting. And then others talk about
it as having a relationship with society and that public
understanding of how things work and how to make
political decisions and use the facts of science as ways of
advocacy and making change like conservation. So, there
are a lot of different ideas about what is science, and really
science is all of these things.

| ask my students if science is all of those things, how it
is like science education, this picture of science that we
discuss. And | actually have them write about this in the
beginning and go back and reflect, because if science is
about communicating and talking and politics and debate,
and it's social and it's questioning and it's predicting
and it's collecting data and it's revisiting. If you go to a
university classroom, it's often a lot of blank stares looking
up at a lectern. At least that's what my students come
back and report. And | know that's not true of all science
faculty and it's sometimes true of other disciplines as well.
It's not unique to science. It's what happens when you
have 100 people in a room and sometimes | feel like that's
happening now with you, because you all get to stare at

me talk at you.

They question that, they're TAs, they say teaching
assistants in courses and they're like, | do that all the time
and | want to do something different. | don't want my
science classroom to look like everybody in the room is
an empty vessel and my job is to fill it up. | want it to be
an exchange. | want it to be more representative of what
happens when | leave the classroom and go into my lab
and have lab meetings and collect data and go home and
think about ideas and come back and revise. So, that's
an important part of our thinking about the bridge between
the science that scientists do and the science teaching
that scientists do, as well as science educators do. | think
this happens across our education.

And so, the next bridge from there is we talk about theory,
education theory, which can help us think a lot about
what learning should look like, because if we studied what
learning, where learning happens and how productive
learning takes place, we can learn a lot from other
researchers, the education and psychology researchers.

In particular, our university has a very strong slant on
sociocultural learning and this idea of situated cognition.
And if you're anything like the scientists that are in my
class, they would say, "What?" In fact, one of the famous
lines out of our program is "What's a Vygotsky?" And we
wanted to print it on t-shirts that we could wear around,
because it's not important that we know who Vygotsky
is, that he was a famous Russian psychologist who really
turned education on its toes, so to speak, and made us
rethink about schooling and learning.

The more important thing is that learning doesn't come
from just a book. It comes from talking about your ideas
that you read in a book. The book can be very important,
and it's the social discourse that happens which often
helps our ideas to gel. And Vygosky sort made us rethink
about what we mean by social tools. An actual pointer, |
can have a social interaction with my pointer. The two of
us together, so to speak, can decide what you look at next
and that makes you think about, how to think about the
ideas she pointed to, and you're not passive recipients.
We're all in a social engagement right now. | may be the
one talking, but | hope that my ideas are encouraging an
internal dialogue about what you agree or disagree or
what that means.

So this idea that there was a social aspect of learning
and that each of us in the room not only brings what we
know about science to learning science, we bring who we
are. We bring the fact that we grew up in a certain kind
of family with different ways of communicating. We bring
that I'm a woman and what it means for a woman to do
science. | bring that I'm American. | bring that right now
I'm trying to teach in a very political climate. All these
things go into how people learn and how we discuss
something.

It's very culturally bounded and driven, but it's also
extremely situated and | think the best way to describe
this is some researchers, Brown, Collins and Duguid or
Lave and Wenger, not to throw out some theorists, but
they really helped us to understand what this means by
situated, in that science is best done in an environment
that looks like an environment in which science would
be done. So how do you learn about science? By doing
it. By being a scientist. By becoming a member of that
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community of knowers. So if | read about scientists, | can
understand what it means to read science. But | really
don't understand what it means to be a scientist; to have
bad data days; to struggle with asking a specific question;
to have a funder breathing down my neck for results. All
those things help you to understand what it means to do
science.

Do we want our students to have that experience? It's
a question worth asking, because | think yes and no. |
think | want my students to feel what it's like to have an
aha! breakthrough and to collect data and analyze it and
come up with a unique finding. That is, if you've ever had,
and | think many people of this room have, a wonderful
experience and makes you love the practice of doing
science, the creativity, the collaboration. But | think we
are not sure that there are some aspects of science that
most of our learners, we don't really necessarily need to
share with them. Then if they decide to become scientists,
they'll learn them along the way. But that's something to
be debated. | don't necessarily have an answer. | think
it's situational.

The CILS fellows also talk about assessment, because no
matter how much we redesign learning experiences, if we
don't know if they worked or not, then we don't know if
the investment in time, in learning and dedication to this
process was worthwhile. We don't know if we've achieved
our goal. So, it's just like if we don't get the results
and draw our conclusions, sort of have we finished the
scientific process, and the same thing goes for teaching
and learning. | think actually any kind of outreach in
education, | would assert that as well.

It also helps us to go ask, if we didn't accomplish our
goals, were the goals wrong or was the assessment
wrong? And it gets students to rethink where they need
to put their energy. So we spend a lot of time looking at
assessment research. We talk about diversity in learners,
prior knowledge, metacognition, and that's something that
they have found to be extremely important, metacognition.
Metacognition is, for those of you who don't know, the
act of thinking about how you learn, not just what you've
learned. So some of us might be very visually oriented;
some of us use drawings and models to fight through
problems; some of us like to talk things out, I'm a talker;
and some of us use a combination. And it isn't that we
want to cater to students' learning experiences by only
teaching the ways in which they're successful, because |
think to be really successful you have to have a variety of
ways.

But sometimes, particularly in science, when students
keep making the same mistakes and the same
misconceptions, instead of doing the same thing over
and over again in terms of trying to teach them and
coach them, it might be helpful to ask them how they are
approaching the problem. Because it's not that they're
not capable of solving the problem, it's that they need a
new way to get into the problem. And particularly in the
physics and chemistry, graduate students have found
thinking about how their students learn and having them
verbalize that has helped them through their teaching of
science.

How do we do this? We get up and we play in inquiry
activities and ask questions. We actually do ongoing
assessment and reflection. We do read and discuss.
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We do lecture, because that's also an important part of
teaching. We mostly do a lot of small group and pair
discussions, and | make all of my students teach the
course for a part, to understand what it's like to be in the
hot seat and also get some experience, so that they can
get feedback. It's a lot of mentoring and it requires a
partnership.

And so I'm going to go back to who are the real partners
in the science fellows program. They're the fellows
themselves, they're education researchers, they're
museum educators and they are schools. And the
museum educators play a key role and that's because
the scientists and the education researchers often feel
like they speak different languages. And while they find
that they're valuable to have in the same room, it's these
museum educators which sort of tend to live in both
and help bridge these conversations, but also who help
bring the content alive in this experiential way. So they
become these important brokers. The schools are places
for students to test out their ideas and also make them
remember what it was like to be new to the learning of
science.

| didn't purposely label the yellow and green circles, and
those are meant to represent communities in which all
of this partnership and learning is situated. Institutional
communities which constrain us but also afford us
things, also political communities, local communities, so
sometimes they take more importance. In particular, one
of the students who was doing a project in K-12 schools,
and this was mentioned yesterday, it took her a year to
get permission to go teach in a school just for three days,
because of testing, because of national standards, and so
that political climate really does shape scientists' ability to
be educators. And it was probably also one of the largest
lessons she learned through this whole course, that even
if you want to do it, sometimes other things constrain your
ability to do it.

| wanted to show you, each of these pictures is actually
some of the scientists playing in Exploratorium-like
activities, to remember what it was like to learn something
new, and these are inquiries in which they experience and
they ask their own question, and the room is covered with
questions and they work with partners to begin to solve
them, and this becomes a model for ways in which they
might begin to change their teaching.

We start with learning about pedagogy and we have them
experience outside of their content areas, and that's
really important. It takes a lot to risk putting yourself
out there and talking about what it means to do science
and teach science, particularly if you think you weren't
necessarily very successful at it. So instead of saying,
let's do chemistry with chemists, we actually do things
like *build tops*, because it's not the content at this level
that's important. It's the ideas about learning which are
important, and later we can go into content.

So we have them do three different kinds of hands-on
science activities. One which is actually a worksheet and
they just follow it, but you build things with materials and
you spin a top and you test it. And then we have them do
a challenge in which they competitively build a top with
various constraints, and what does that feel like?

And then we give them access to a whole bunch of
materials on the table and build whatever kind of tops they



want to and investigate and test and ask questions about
that. And the whole point of this is to really come around
the table and have a discussion. All the top activities are
hands-on, but they're all really different. They all have
different goals, they all have different strategies and they
all have different outcomes. So how does this actually
begin to help someone to understand that all of them are
important and all of them serve a purpose in our education
design? And the important thing is to match your goal to
the type of strategy that you're doing, not pick science
activities willy-nilly or offhandedly.

And then the instructors do a lot of coaching and design.
We ask students to design activity in their content
area. We sit with them and talk with them and test and
collaborate and do this again and again and again over the
year. So it's a long process and highly collaborative. It's
more of an apprenticeship model, and then eventually we
fade away and they're on their own.

In this process they learn that science teaching can be just
about skills with content in the background, and learning
how to observe and be better observers and learning
how to hypothesize and learning how to collect data. It
can also be learning about ethics, like cooking data or
not cooking data, and how you encourage students not
to do that or why that's inappropriate and how that really
doesn't advance the understanding of the content.

Here are some pictures of students doing some of the
investigations designed by graduate students and you'll
notice they're not sitting at desks. They're using materials
with each other. They're making drawings to explain
phenomena. They're presenting orally out loud to groups
and having to communicate their findings, and they're
coming up with their own investigations.

So these are just some of the kinds of activities that our
graduate students do and some of the venues. They
revise undergraduate courses of the university with the
support of faculty. They work in high school residential
internship programs with intensive summer research
projects, they design them. They work in university
summer school courses where they're actually the
instructor of record. They also help prepare teachers,
because now they're pretty versed in not only science
content, but in teaching. They do classroom activities with
young school children, after-school programs with at-risk
youth, students who tend to be in gangs, and they work
across various other outreach projects, and most of this in
their free time.

These are some of the innovations in teaching that the
fellows have done, and I'm not going to read you this
list, but some of them are very advocacy-oriented like
empowering costenos to conserve marine resources,
conservation comics for fishermen in Mexico. And
this project arose out of communicating science with
fishermen who were killing turtles for food in Baja, and
it was affecting the turtle population extremely, and
no matter how much they tried to explain this to the
fishermen, they couldn't, using data and traditional means,
help them to understand the role that they played. So the
graduate student thought, "What do | know about learning
and what do | know about sociocultural theories? About
how do people in this community convey information
in useful ways?" And fishermen are out at sea for very
long periods of time. The number one reading material

is the comic book, so they designed scientifically-based
comic books with themes that were representative of the
local community and they serve to be very good ways of
communicating information.

And the UK, | know, who's taken this idea of comic
stripping as a way of communicating and assessing
in science, they've used it as well and it's been very
effective. So | think it helps us to think outside of the norm
by talking to our communities. That's where this is a really
reflexive or iterative practice.

Students also are working in writing courses, scientists-
teaching writing courses at the university now, and one
of the writing courses that's going on this quarter at our
university is writing about change, global climate change
and society. Science literacy through writing, it's a course
for undergraduates in which during the writing course,
they actually do experiential hands-on activities as a way
of being writing prompts. | think we can be very flexible
in where we think about where communicating in science
takes place and where education takes place.

| kind of wanted to end a little bit with some quotes from
the students, | think it's the voices of the students that
help us to understand the impact of this program, "All
of the different ideas that CILS has provided have really
opened my eyes about different ways to teach biology. |
think that has been one of the most key factors for me, just
being exposed to all these different ideas about teaching.
As a grad student, while I'm required to teach science,
there is not part of my academic program that provides
me guidelines on how to teach or a philosophy of learning.
CILS nicely fills this gap and has made me a much better
teaching assistant and a summer school teacher. | have
found my students learn and retain more using informal
techniques," and you can see one of the scientists above
pondering a model of an eye.

Other ideas about teaching are: they talk a lot about
having students raise questions, "l like the idea of having
students come up with their own questions and figure out
ways to answer them themselves. I'm a teaching assistant
here and | have been thinking about that idea a lot in the
context of college education and how unexploited that is.
It has really changed the way | think about how ecology
education is done, particularly at the college level".

And those galaxies | showed you earlier, these are two
students actually classifying and investigating galaxies, of
images they took from telescopes and they went through
the activity that | showed you earlier. And that activity
has been done in undergraduate astronomy courses at
university, where they were just shown galaxies and told
the classification. So some astronomy courses now at
our university are not just telling. They're having students
think about phenomena first and then in the following
lecture giving them ways of classifying. The students were
able to classify using accepted classification systems. So,
we don't necessarily have to tell all the time, students can
come up with scientific ideas with the right kinds of tools.
"l can't really conceive of where | would be right now
in my thinking if | hadn't joined the program. Even if it
weren't for CILS, | would still be teaching this class and |
would have gone in, just marched through it, and imitated
my advisor's style as closely as possible. | wouldn't have
trusted myself to develop any new ideas or try anything
that sounded a little risky. Learning about inquiry with
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the Exploratorium folks has been really big in terms of
not being afraid to go into a lesson and not have all the
students come out with the same experience". And one
of the students responded to being a participant in one of
these graduate student courses that "The inquiry project
gave me a sense of power over what | wanted to know
and it made me want to know more. It's empowering".
Lastly, it's not just about thinking about their own teaching,
that is important, but because it's high risk, supporting
their peers who are taking similar risks is important. So
having science students work with other science graduate
students has helped foster them. If their colleagues/peers
are doing it, | can do it, and if | can do it, | can encourage
somebody else to do it. So this idea of building a
community, but not just among scientists, having informal
educators who are on the front lines doing this every day
has helped inspire them to continue along these pathways
and to being better communicators and educators.

In terms of meeting scientists from other fields, it was
enlightening for students. "There have been excellent
connections in part because we can bounce our ideas off
of each other and a lot of us don't have experience doing
informal education. So we can work with each other
to decide what the best options are. And meeting with
people who are on the front lines, as it were, teachers and
museum educators, has given me a lot more insight into
informal learning, into the way people view their work,
what they see as the future of their field, what is needed
and what is necessary." Some of those pictures are
actually the science graduates working with teachers to
think about how they teach science.

So | want to end with what are some of the lessons we've
learned. Well, first of all, | just want to iterate, this is one
model. There are multiple models and | think we're going
to hear, and I'm really interested to hear from the speakers
today about all of the different ways we can begin to think
about working with scientists and educators to advance
this kind of agenda.

And | want to reiterate, the community is so important
and that interdisciplinarity is valuable, especially in
the sciences, because they can leave their labs, their
laboratory science or their field science and their faculty
advisors and still come and talk about their science
with other scientists, without the risk of feeling like they
don't have the right answer. And a lot of these graduate
students feel extremely vulnerable at this point in this
career, for having to know their discipline really well. So, in
terms of just the science, it's actually helped many of them
to be better at their scientific research as well as feel like
they're more successful in their education experiences.
And the courses are collaborations and they're inquiries.
Every year the course has changed. And as the lead
instructor, | would say sometimes that's frustrating,
because | wish | could have set syllabi, but the students
are constantly learning and they're asking new questions
and they're asking more of me and they're pushing me to
advance what | know about learning and how | teach and
| think that's a good model for any course, to constantly
think about what's next.

Instead of feeling like I'm the lone soldier out there, | work
with another scientist to teach the course, and we actually
invite our student fellows to engage in the process of the
course design. And we don't necessarily do exactly what
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they tell us, but we take their views and their ideas about
what they need to know into consideration. And midway
through the course, we actually evaluate the course and
say, "lIs it giving you what you need to be successful?"
And we've readjusted.

One of the other lessons learned is to really rely on our
museums and our informal community, because they have
a lot to tell us about creative, innovative science education
and teaching. And are important venues for testing out
these ideas, an important less risky venue for scientists to
be testing out ideas about learning and communication.
And, | think | spoke about this earlier, this course couldn't
be just taught by educators. We see scientists as offering
a level of credibility, an extremely valuable person in the
conversation and so it really is collaboration between the
two disciplines.

Unintended outcomes are that most of the students say
that they got stale, they got tired in their research process
and that this reinvigorated them to be researchers, and
this idea of metacognition helped them to think about
where they were stumbling in their research process and
how to be better researchers, how to ask better questions,
how to think about how they observe. So, it made them
better researchers.

Another unintended outcome was they actually have
titled themselves ambassadors of the university where
one of the things that they really want to do is recruit
more people into programs like these and to design more
flexible programs. Not everyone can give three years. So
what would this look like to be done in a week? Could it
be done? What would it look like to happen in one year?
Could people come in and out when they wanted? So
we're actually looking at a new model for doing this.
Venues are challenging. When we started this, we let our
science education fellows, our scientist educators, pick
any venue they wanted to design an education program
for K-12 school, museum, outdoor ed, computers,
Mexican fishermen down in Baja or at the university. As
the director of this program, managing and coaching and
mentoring 16 people doing projects all over was extremely
difficult, even just to get permission to work in some of
these communities. So if you wanted to do something
like this, | would narrow your field, work in museums, work
in schools, maybe pick one or two, but make it easier on
you. That would be my recommendation, to make your
mentoring a little bit easier.

And one of the things that went along the way is, I've
begun to delve into the work of higher education research
and think about what it means to be a faculty member,
where a lot of our students want to end up, and this is a
lot in my abstract. And now the students in our program
are beginning to graduate and go on and interview for
faculty positions. And if you look in the United States
at the requirements or the goals they have for future
faculty, teaching is taking an increasing priority, and not
just teaching but teaching informed by what we know
about learning research. And it has made the graduates
of the CILS program extremely successful in garnering
appointments. So it has other unintended, but actually
somewhat intentional outcomes.

And the next steps for our program is, CILS funding
ends officially this spring, in about three months. So this
program will be over, although | think the program has a



legacy long after our funding has ended, as these students
go on to propagate these ideas in other universities around
the world actually. And I'm partnering now with a science
research center called the Center for Adaptive Optics,
who is also doing, I've been helping design, professional
development for graduate students.

We're hoping to join forces and develop flexible models for
grads entering into programs like this, like | said, shorter-
term programs as well as programs which you can come
in and out over the course of your graduate experience,
and we're hoping the university now will fund this. And
our Chancellor and our Vice Chancellor are both scientists
and extremely supportive of this agenda. So, we're going
to change our name, because we're joining forces and
hopefully become the Institute for Scientist and Engineer
Educators, because we didn't work with engineers before,
but there's a growing need and we have a growing
engineering department on our campus.

| have four quotes that | want to end with. One is that this
was not a smooth road. It's easy in presentations to make
it seem like the program was perfect. But one science
fellow said, "I think | had trouble in my first year because
everything was so foreign, it was different than any class |
had taken, language, expectations, etc." In fact, we used
to have a brainstorming session every week after class,
that they said it was like therapy, because they felt so
adrift in the education research courses, that they needed
to just talk about it. But in year two it gets better and in
year three they feel more successful.

And one said, "I wanted to extend my thanks for the
opportunity to participate. This is my first real exposure
to inquiry as a science teaching tool and | think it was
motivating, being surrounded by so many scientists that
truly cared for teaching was inspirational and refreshing."
And where have they gone? One now is faculty, a
geologist at the University of Capetown, South Africa,
where she was recruited because of her knowledge of
working with diverse learners. "Everywhere interviewed
for jobs, | have been complimented on my awareness
of issues surrounding student demographics, income,
culture and my eagerness to address these issues in the
classroom. CILS fellowship is the only instruction | have
had in this regard".

They don't always end up being faculty; in fact only 5%
of PhDs who graduate in the US will end up at research
institutions. So what happens to the 95% of the other
science PhD students? This is where this course becomes
extremely important at the university level. So one of ours
is now an education coordinator at a science research
and technology center and he says, "l wanted to retain
the element of student ownership in learning science. |
was most interested in questions, students generating
questions and hence owning them. | was next interested
in students bringing evidence to bear on their ideas, to
form explanations."

| wanted to thank again the National Science Museum
for this opportunity and | would be remiss if | didn't thank
the science fellows themselves, the CILS community,
the Exploratorium, Kings College in London and my co-
instructors, Dr. Marc Mangel and Dr. Sally Duensing, who
have been inspirational. Thank you very much.

(Ogawa) Thank you very much. Would you stay there for

a few more minutes, Dr. Brown? Well, how much time
do we have? Or do we have any time? Hardly any. So,
should you have a question, probably the most we're
going to entertain is one or two at the most. There was so
much information that was communicated by Dr. Brown,
and it may be that someone who's from our group would
like to raise a question.

(Maeda) You are to be an educator and scientist, which
is wonderful, that is to be derived through CILS. There
would be different people who would be participating
in the courses, but in regard to the graduate schools, |
guess they need to study their majors at the same time.
So, how do they balance the learning of their majors and
the other part? Because in Japan, they tend to be that
most of the grad students would focus on research and
they would have less time and effort to be good science
communicators, and their teacher may not necessarily
understand. So, how is it that you facilitate the balance
between the two and how understanding is the professor
who is teaching the major of that grad?

(Brown) A very good question. In the recruitment process,
we required letters of support from the faculty advisors,
because we knew it would be a difficult relationship
potentially, bringing them out of their research experiences
for a period of time. And we got wonderful letters of
support, | think partly because we offered a fellowship to
go along with it, which relieves the faculty advisor of some
financial responsibility. That's one part in the recruitment.
But it's the reason why it's only three spring quarters,
because we could never take a doctoral student out of
their lab for more than 10 weeks in a year. And during that
time, they are still in their lab doing work. So it's a limited
time with us.

We asked last year if time to finishing a degree was
greater, and for over 50% it was not, and for the 50% that
it was greater, it was no greater than a year, and they felt
like it was worth it. So, | don't know if that's a complete
answer to your question, but maybe part. We have had no
negative feedback from faculty about their students.

(Ogawa) That was Mr. Maeda from the National Science
Museum. We can entertain another question. Are there
another questions? Yes, somebody in the back.

(Otsuka) My name is Otsuka. We talked about the goal
of the science communicator program. What about the
differences in students? | think you said that you gave
due regard to the differences in the capability of the
students. What kind of differences do you sort of give due
consideration, and to what extent would you address that
when you look at valuing diversity in learners?

(Brown) So, one of the things | think | spoke of is we
have them take the role of learner in various activities,
and then talk out loud about what they learned. And one
of the things they're surprised at is that their colleagues
learn differently and their colleagues value different things
about learning science. So that's one way we begin the
conversation, is just to look at the people in our own
program and how they learn differently science.

And then we actually go out and work with various groups,
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in particular groups that don't have parents with college
degrees, so going to school and studying science is not
something that they're encouraged to do, nor usually have
the resources to do, and think about what are the things
that they bring to learning that would help them to be
good at doing science. And some of those things might
be art, actually, that some of these students are extremely
visual learners where, because of language difficulties are
not auditory learners necessarily, or visual learners in the
traditional textual sense.

And this opens their eyes to the fact that using tools and
manipulatives like museums do so well in science, helps
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people learn who don't necessarily bring, for instance,
linguistic or language resources that other kinds of
students bring. So it's things like this. Does that answer
your question?

(Ogawa) Are you satisfied?
(Otsuka) Yes.

(Ogawa) Thank you very much. We need to move along.
Thank you so much, Dr. Brown.
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Keynote Speech 3

Public Engagement:

Active Scientists and An Empowered Public

Daniel Glaser, The Wellcome Trust, UK

Konnichiwa. Before | start the formal part of my
presentation, | would like to firstly thank the British Council
particularly, Huw-san, Yas-san, Mika-san for bringing me
over. It's been a great privilege to spend time here. It's
my third visit to Japan. | also had the privilege in London
of meeting with Ogawa-san and Watanabe-san earlier in
the year and it's exciting to see the ideas that we heard in
theory there, in practice here.

I've also been very grateful to the science communication
students here in the national museum for the opportunity
to play with them slightly two days ago in a workshop on
Cafe Scientifique and | am hoping that many of you will
be able to attend the Cafe, which will be taking place here
tomorrow evening to see some of the ideas which | will
present in theory taking place in practice.

It's also a tremendous privilege to be here in the national
museum. One of the most exciting things is to see the
old-style hall, and | was very interested to read from the
presentations which | missed yesterday that the science
museum here predates the science museum in London by
quite a few years, and also to notice the contrast between
this very venerable lecture hall and the very modern
galleries where we'll be conducting the Cafe tomorrow.
You will all know that | am the third speaker of the morning
and the last before lunch. This presents me with two
problems. One is that Brown-san and Nogami-sensei
have covered most of the territory which | would like to
cover myself, and also because | know that if | am running
overtime, it will not be my friend with the stopwatch but
the entire audience will be holding up, saying, "Time is
up, time for lunch." So | will try to keep to time where
possible. Even with the best translation which we have
here, telling jokes in a foreign language with interpretation
is like dropping a stone into a well and waiting for the
sound afterwards. So | hope you will forgive me for
continuing to try and make jokes, despite the time lag.

OK, what am | going to do? I'm going to be a little bit
autobiographical, because | have been through a number
of experiences in my own career which have addressed
the issue of professionalization, of the difference between
scientists and non-scientists, and of the practice of
science communication. | am then going to tell you a little
bit about the organization for which | work, which is the
Wellcome Trust, because | think that we are doing some
interesting things in this area. And towards the end, | will
offer you some theoretical and practical thoughts about
doing science in a non-science space and the role of the
museum and of the science communicator in the museum.
So that's the plan.

My own professional career is somewhat unusual and
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potentially relevant. | began at Cambridge University
studying mathematics for two years and then shifted to
study English literature, so | have a perspective on both
the cultural and the scientific values of what we are doing.
It's also the case that the cultural perspective on science
is recognized in Japan. | sometimes think that it is difficult
for the Japanese to understand why there is such a
big story in England about science and art combining,
because it seems to me that in this country, the division
has not been made. There is no need to bring the two
together, because in some ways, they were never taken
apart.

| was very happy in our Cafe Scientifique at the British
Council with Ishiguro-sensei from Osaka University who
works on robotics, that as well as scientists in his lab, he
also has an English literature PhD student working in the
robotics lab, discussing the cultural implications of the
robotics work. So | understand that in Japan, maybe there
is a more advanced approach to this than in England.

| then studied neurobiology, the science of the brain,
and quite a lot of what | did was making maps of the
brain, trying to decide which area of the brain did what.
And | want to give you a very brief sketch of one study
| did, because | think that the question of disciplinary
boundaries, that is the divisions between different kinds
of scientific and non-scientific work, is very relevant in this
context.

We were interested in what happens when dancers see
dance. Well actually, we were interested in how the brain
perceives movement, but in order to answer this scientific
question, we collaborated intensively over a period
of two years with dancers, dancers from two different
styles: classical ballet as is illustrated on the top and
Capoeira which is illustrated on the bottom. Capoeira is a
Brazilian dance style and I'm very happy to say that | can
demonstrate neither myself, which is why | brought the
pictures to give you an impression.

Why did we work with dancers? Not only because
they are more fun to work with than many scientists
and because there is a certain amount of glamour and
excitement to be had from working in a dance studio, and
we did spend quite a lot of time in the Royal Ballet as part
of this experiment.

But in order to answer the scientific question that
was important to us, we needed the expertise of non-
scientists. People have been studying movement from the
perspective of dance for 1,000, 2,000, 3,000 years. The
study of the perception of movement is much more mature
in dance than it is in neurobiology, and an important
insight that we had was that in order to do our science



properly, we needed to learn from the insights of others.
We actually paid the dancer as a consultant on the project.
It was not really a collaboration, we simply wanted his
skills. And the endpoint of this work, and | think this is
critical, was not a collaborative science-dance project
performance. There was no performance outcome. The
outcome was a science paper. We had two publications
in major science journals as a result of this work.
Interestingly, and | think this may also be true in Japan
(although it may not), we found it more difficult to publish
the paper because we had been working with non-
scientists, in this case dancers. Not easier, it was more
difficult. The reviewers of the papers, the peer review, in
one case, asked why we had felt the need to use dancers.
They said if we had invented our own movements, it would
have been less flash, but more scientific.

And this kind of narrow-minded and stupid response,
because the reason we chose dance was because it was
better science, not because it was flash, characterizes
the resistance to interdisciplinary collaboration and also
the undervaluing of non-scientific expertise within the
scientific domain. And it is very important, that we will
establish in a minute who is who in the room, but it is
important that those of you who have not encountered
professional scientific context directly understand the
degree of prejudice and narrow-mindedness that exists
within the scientific community. | believe that in some
senses, this is also true in Japan as well as in Europe and
the West.

Another way of making myself unpopular as a
professional scientist was that | conducted extensive
public engagement activities in parallel with my scientific
work. And again, | want to outline briefly what they were,
because each of them raises an important question for the
context where we are today.

My preoccupation has been to do science in a non-
science space. And it is worth thinking briefly for a minute
about what is a science space and what is a non-science
space. | actually do not mean anything particularly
interesting by this. A science space is a laboratory; it's a
piece of scientific equipment in the field; it is a university
lecture hall; it is even perhaps a science museum, | mean,
| would consider this a science space.

When | worked with the communication students two days
ago, we were asking, "What is a non-science space?"
Long pause. I'm saying, "Well, it's everywhere else, right?"
So it is a railway station, your car; it is the park; it is the
street; it is a cafe; it is a cinema; it is an art center. And
my interest is in taking science out of the lab and putting it
into these spaces which are owned and controlled by non-
scientists.

And you will hear as we talk that | am very interested in
public engagement because it can take away the normal
power relation which exists between scientists and non-
scientists. One simple trick is to take the scientist out
of the place where they have power and put them in a
place where the public has power and control. And I'm
hoping that through the interpretation, it is clear that | am
suggesting something quite subversive and potentially
political by this.

The first really big thing that | did in this area was to
be appointed Scientist in Residence at the Institute of
Contemporary Arts in London. And | am telling you this

story not to say how great | am, because it was not my
idea, | was approached. It was a very good idea actually
by the Wellcome Trust, well before | joined. And the
Institute of Contemporary Arts is a very fashionable non-
science space in London, which has a cinema, cafe,
restaurant, gallery, performance space, and so on. And it
is where the most exciting art takes place.

Interestingly in this context, it is a place which is not
afraid to fail, and one of the characteristics of the ICA
is that maybe one in three things that happens there is
somewhere between a failure and a disaster. And this is
very important to the ethos of the ICA, they are not afraid
of failure. They believe that if you want to do something
interesting, you have to be prepared to make a fool of
yourself. And that's why | continue to tell jokes even with
simultaneous interpretation.

So, Artist in Residence existed for many years in
companies and laboratories, the idea that you would take
some art and put it into a science space, but as far as we
know, this was the first time in the world that somebody
had taken a scientist and put them into an arts institution,
an institute of public art. And what did | do there?
Well, with all respect, | did curate. | was a curator and
what | curated was public experiments, some talks and
discussions.

| also spent a lot of time in the bar and the reason for this
is because, over the course of the year, | had 50, | think,
or so, invited conversations with all kinds of people who
would just wanted to meet the scientist, and they felt able
to approach me because it was in the bar of the ICA, in a
way that they could not approach me in the laboratory. If
we want to start to lower the boundaries between science
and non-science, to make effective communication, we
need to find spaces and contexts where these interactions
can take place and the residency model is a very powerful
one.

I'm a big fan of Cafe Scientifique. Let me tell you briefly
what that is. It's a format invented by a man called
Duncan Dallas who, despite his name, is actually English.
He was a television science producer and his insight was
based on the observation that when people are watching
television, they adopt the following stance [leans back
with arms folded] and that active participation in television
is mostly [silent stares in front]... and that this was not the
kind of engagement which he was interested in for the
public engaging with science.

So Cafe Scientifique is an engaged context where you
take the scientist and you remove all of the symbols
of power and authority which allow the scientist to talk
at great length in contexts like this. You take away the
microphone. You take away the PowerPoint. PowerPoint
is forbidden. You take away the stage. You take the
audience and instead of putting them in rows, you put
them around tables. You give them alcohol. You make
sure that the lights are on in the space where they are
sitting, and you wait for them to give the scientist hell.
And this is a direct effort to counteract the power relation
which, in many cultures, exists between a scientist and a
non-scientist.

There is a philosopher called Habermas and "Are you a
Habermas?" should be on the T-shirt. And he comes up
with a concept called "knowledge without power", and
| believe this is quite a radical concept in the Japanese
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context particularly. Knowledge without power, it's not a
manifesto, but it's a concept for a place or a space or an
activity where just because one person knows something
and other people do not, does not make them anything
special.

Finally, | was the presenter of a series of television
programs on the BBC about the anthropology of science.
| think for the public to understand and to engage with
science, as was mentioned, the culture of science must be
explained. To give you a quick example, John Durrant, the
English theoretician and practitioner of public engagement,
said, "There are three things that the public need to know
about science. There are scientific facts, there is how
science works and there is how science really works."

So scientific facts is how many chromosomes do we have,
that the sun is as far away as it is and the Earth goes
round the moon or whatever. How science works is about
falsification, experimental method, observation, analysis,
conclusions. And how science really works is: how do
you get to be a professor? What happens if your grant
is cancelled? Why do people publish in one journal and
not another? What happens if | do not invite you to my
conference?

So these are the things the public really needs to
understand, and to give you a specific example, when
some scientist gives an interview to the newspaper saying
that a new vaccine or vaccination is dangerous, people
who do not understand how science works might consider
it's time to stop vaccinating the children. But you have
to understand that if as a scientist you are working on
vaccine, you cannot publish a paper saying an existing
vaccine works. You have to publish a paper saying the
vaccine does not work.

How you get ahead in science is by disagreeing with the
orthodoxy. If you understand that this is what you need
to do to be a professional scientist, that science is the
process of public disagreement, you have the social and
psychological model with which to interpret the science
that you encounter. And this program was trying to do
exactly that.

At a certain point then, | had enough of being an active
research scientist and | joined the Wellcome Trust. This
is the second largest charity in the world. In my slides,
| have a lot of corporate PR but | do not feel the need to
extensively sell to you the virtues of the Wellcome Trust. |
want to say that we spend about $1,000 million a year on
scientific research, $1,000 million a year. It's only Bill and
Melinda Gates that have exceeded this.

And the important point | want to make is that in common
with, | believe, all self-respecting scientific institutions from
the level of the laboratory up to the level of the university
and the research council and the government, we spend
between 1% and 3% of our annual budget on public
engagement. We do not see this as an extra. We see this
as an integral part of the scientific project and part of what
| am suggesting ought to be the case for scientists is that
the engagement is built in, not something which you do
as an afterthought. It's been already suggested, and I've
suggested myself, that this will result in better science, but
| think there are other justifications as well. Let me skip
through the PR, because it's not so important.

We fund public engagement at the Trust because we want
to promote learning interest and excitement. We want to
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stimulate an informed debate. Interestingly, we want to
inform national and Trust policy and plans. We believe
that an engaged public can change the way that science
is done. This is quite a radical idea, most scientists don't
think that, and of course, we kind of want to increase our
impact and profile, although again I'm subverting this
mission by skipping all the PR.

One thing | do want to say is that we believe that in the
education context, science organizations have a large role
to play and so, if you would skip to education, we believe
that science should influence the policy and curriculum,
and | think by this we mean research science and research
into science education.

We have also funded to the tune of US$50 million a
National Science Learning Centre in the UK, which some
of you will have visited and know about. This is based on
the insight that to be a teacher, you should be updating
your professional skills every year. A doctor or a lawyer
must take courses every year in order to retain the
professional qualification. But with science teachers, it is
often the case that you get trained, you enter the school,
25 years later you retire and that's it, training is not a part,
and if you are including contemporary biomedicine and
science in your curriculum, you need teachers who have
enrichment activities which are commensurate.

Let's get to the meat. I'd like to know who I'm talking to,
and so if we can do a show of hands, because we do not
have time to introduce ourselves personally, who here in
the room has had some kind of science education at some
point in their life? Please raise your hand now and raise it
so | can see it. Some kind of science education at some
point in your career as a child or an adult. | must say that
| do not believe that nobody here has had some science
education. Please raise your hands if you have had some
science education in the past. Thank you. If you are a
scientist, if you are a scientist, please raise your hand. I'm
not sure. | mean, we do not have time to discuss it.

Until six months ago, | was a scientist, right? Now | am
a science communicator, but | mean, | still dream about
science a bit. | still think about science. So maybe I'm
still a scientist. Maybe it's like a sort of poison which you
cannot get out of your system, it's a way of thinking. |
also have difficulty with my wife in this area. So maybe it's
too late for me now. Maybe | will always be a scientist.
There are some people who believe that science
communicators are scientists, and maybe that's why some
of you put your hands up. | have even offended some
people by being surprised that some science teachers in
high school consider themselves scientists as well, and |
do not mean to offend anyone, but | think it's interesting
that this professional term is a little problematized.
Nevertheless, there is something in our culture which
makes people trust scientists, and we have studies to
show that this is the case. I'll show you the data in a
minute. But let me suggest some of the reasons why
actual scientists, whatever that means, are trusted or have
some status in our society.

| think the first reason is what we would call domain
knowledge or specialism. | mean, one thing that
scientists have is a deep knowledge of a particular area
of science and we are all familiar with the fact that as
science progresses in the 20th into the 21st century, this
knowledge becomes narrower and deeper. But on some



level, this is not questioned. Your scientist really knows
about one particular area and that's something that is
probably at the heart.

There does seem to be a sense of transferable skills, that
scientists also know about science even if they do not
know about science, and so in the science communication
realm, neurobiologists are called upon to comment on the
latest physics theory, as if somehow their knowledge of
neurobiology gives them some insight into the way that
the physics papers are published. But how science really
works and how science works suggest that that might not
be a completely stupid idea, but it is quite common.
There's one joke or technique or trick | want to tell you
about regarding that, in the public engagement dimension.
If you want to know what is happening in a particular lab,
and you ask the professor from this lab, you will generally
get an answer that is not very helpful. They will tell you
that | am splicing the recombinant DNA *transphase* and
I'm *cross-infecting” the resultant mutant with ... | mean,
who knows. But if you ask the laboratory next-door
professor what is happening in the lab next door, he'll say,
well, they're taking a gene from a human, they're putting it
in a mouse and they're seeing if the mouse gets the same
disease the human does.

Now, there's no way you will get that story from the person
who is doing the work. The only person in science who
has the insight is the one next door. So maybe there is
something to this transferable knowledge, that scientists
have an ability to understand and explain at least other
people's work, if not their own.

| think there is also a traditional professional status
to science, the role in society, and in the UK, this is a
statutory role. The Royal Society is called upon by the
government to come up with positions. And | think it's
also the case that the public get that peer review to some
extent, even if they don't understand the mechanism,
it means that there is some kind of collective authority
among scientists.

And we have some data to suggest that this is true.
In 2004, the Wellcome Trust and other organizations
commissioned MORI, which is a survey group that does
political surveys, to ask people what they thought about
all kinds of public engagement. | don't propose to take
you through in detail, but what you can see is that if you're
asked which of the following do you value as a source of
information, support or advice about science, horrifyingly,
television is No. 1. This is a very frightening result,
although the public are not stupid. | mean, they know
what television does to science, but they still look at it.
GP/family doctor, but then scientists working for charities
and scientists working for universities, a lot of people
think, are a source of authority. It's quite interesting in the
context of industrial sponsorship of museums and so on,
that scientists working for industry and scientists working
for government have a very significantly lower trust rating
than scientists working for charities and universities. And
| think that there are potential lessons for this, for us all.
Why do we not trust science? Well, there have been some
famous public errors, especially in the UK. It's fair to say
that the UK climate of public engagement is driven by
catastrophes such as mad cow disease and controversies
such as MMR. I'm sure there are equivalent cases here.
Is it true there was an infected kidney transplant here

recently, which may have undermined some people's
trust in science? | think the public has inappropriate
expectations of science. They think it can cure everything,
explain everything. There is a lack of sophisticated social
models. People don't really understand what scientists
do, and I've addressed that already.

Maybe not in Japan, but in the UK, there is a general
cultural hostility towards science, and | think that's partly
because of the power relation, but there may be more
deep reasons, and there are specific cultural issues in
different cultures. We can blame the politicians for this
also. | mean, there are some studies that show in the US
and the UK and, I'm afraid, I'm ignorant about the situation
in Japan, there is an increasing tendency for politicians to
engage in science, in the sense of supporting the science
that they think supports them and actively discrediting the
science and the scientist which does not, and | think this
is a trend which we should be alive to.

| commented to a political commentator in the US how
frightened | was by the fact that George Bush had been
talking about stem cells in his election speeches. | mean,
I'm frightened when George Bush talks about anything
that I'm interested in. And the political commentator said,
"Listen, what are you complaining about? All the time you
say science should be public, science should be political
and as soon as the politician starts to engage with it, you
start to get frightened. You can't have it both ways," and |
think that's an interesting point.

And finally, there is mistranslation and the media. This is
an obvious point, but | want to say it. A lot of scientists
actually do not believe in a free press. This is from the
other side. A lot of scientists do not believe in a free
press. If you ask a scientist, "Would you rather that your
work is described by a journalist differently from how you
described it, or would you rather that it was not described
at all?" Most scientists say, "l would rather it was not
described at all." And when you say, "Well actually, the
journalist gets to say how she sees the work because
we have a free press," scientists sort of just scratch their
heads, and say yes, but she didn't say what | told her to
say. | gave her a very good explanation and she told it
differently. So well, that's actually what journalists do. So
these are lots of reasons why people don't trust science.
What can we do about it? We can do media and
communication training for scientists and | think that we
have shown here that the science museum is a safe space
where this kind of activity can take place and | will talk
about why it's a safe space in a minute. But | think there
is a role for training of scientists in communication with the
media and with children and so on.

| also have quite a strong position on this. | think that
getting some training on communication, whether it's
with the media or with schoolchildren or in the university
context for science, helps science. | mean, if you go
to a scientific conference and ask yourselves how
much effective communication is going on between
the scientists, you attend 90% of the talks, 90% of the
posters, and it's just a catastrophe, it's a car crash. And
you just think, how could these people in their professional
work be throwing so many obstacles in their own paths?
So any communication training will help science address
these issues.

You do need some science training for the media, and |
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don't have time to talk about what the Wellcome Trust is
doing with this, except to say that we are trying to directly
address the fact that most media is controlled by people
who are not science graduates.

We can address scientific citizenship, and again, | do not
have a tremendous amount of time to talk about this,
but there is an observation which has been alluded to
already this morning, that most people who study science
at any given level do not themselves become scientists.
This insight in the United Kingdom has resulted in a new
curriculum in high school science called 21st Century
Science and it's, as far as we know, one of the first times
the curriculum has been designed for the students that
will not become scientists, as well as for the students who
will become scientists and we're looking at the concept of
scientific citizenship as well as the concept of the supply
of scientists and I'll come to the supply of scientists
in a minute. And finally, there are structures like Cafe
Scientifique, where we break down the traditional power
relations.

We're thinking about how the two sides see each other.
One important and somewhat depressing result in the
context of the supply of scientists is that how children see
science and their own role in science depends a lot on
the degree of development of the country, and | will skip
forwards and then back for this. Many of you will know
the ROSE study and if you don't, | can commend to you,
you can Google "ROSE public engagement" but this is
the website. Just for local color, the Japanese data for
this was compiled by Prof. Masakata Ogawa from Kobe
University, two representatives.

This, to me, is a very interesting graph. Who here has
seen this graph before? Please put up your hand if you
have seen this graph before. OK, so this should be more
widely known. On the X axis is what's called the human
development index of the country and it's basically, well,
look at the countries, you will understand what it is. It
measures how much money you have per head, degree
of education, clean water, violence, free press, whatever
you want, all the good things that we like about the world
on the X axis. On the Y axis is a hybrid measure which
amounts to, | would like to become a scientist. So they've
been asking a lot of children for their attitudes and they're
asking, "Would you like to become a scientist?" That's
the Y axis. The correlation here is -0.94. I'm not a social
scientist, but I'm told that in the social sciences, this never
happens, -0.94 is an extraordinarily strong result.

And what this tells us is something very interesting, that
the extent to which children want to become scientists
depends mostly on, | mean, there's not a lot of variability,
variation left here, it depends on what's going on in the
country. And the interesting point to make here is that
if you think about most of the issues like curriculum and
formal and informal and the role of science museums,
almost every different approach has been tried in some
way by these different countries. They are all doing a
wide range of different initiatives and actually many of the
practitioners in these countries fly to each other countries
to learn about the things that they are doing to improve
the situation. And they are all in the same soup, right?

So, actually maybe, a lot of the interventions which we
think about in terms of education, if we are talking about
the supply of scientists, may not be addressing the
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question at all. Maybe we need to think of some different
things to do with education, but certainly to motivate
development of education in terms of making children
want to be scientists may be a little futile. Not to say we
can't do it, but maybe curriculum development is not the
most important issue.

In terms of attitudes within the communities then, the
slogan that the researchers came up with, which | should
unpack for you, is that children think that science is good,
but it's not for me. It's good, but it's not for me. They
think science is very important, it's just that | don't want
to be one. And maybe we need to find ways of changing
that attitude.

In terms of changing the attitude then, we need to think
about the scientists as well. Many scientists, our research
shows, and | don't have time to go into this in great detail,
many scientists engage, but they do not tell anybody.

We have organized training courses in the Wellcome Trust,
where we have trained scientists to be communicators.
We asked them, "Did you tell your professor you were
coming to this course?" They said, "Of course not, | said |
was visiting the laboratory in the next city and then on the
way | dropped in here and | did not tell the professor." So
there is an attitude problem within science which we need
to work on.

And it's here that we get to professional science
communication, because there is a slight danger that
science communication is seen as an escape route for
scientists who are unhappy with science. There is a
pyramid in science and it has been mentioned at every
stage of your scientific career, the majority do not proceed
from matriculation to university to PhD, to postdoc, to
faculty, to professor, to Nobel Prize. At every level, most
do not continue, and there is a danger, although an
advantage also, that we could see science communication
as one of the things for the people who do not make it as
scientists. | think that means that actually there will always
be a supply of potential science communicators, but we
need to think about the status of science communication,
to regard it not just as failed scientists, and | think that's
quite important.

A small amount of data then about science museums as a
context. In the UK at least, people do not regard science
centers and science museums as a place for information
on science either in the present or in the future. So
compared to newspapers, Internet, national radio, friends,
relations, local newspapers, science centers and museums
do not offer very much for most people in their view.

And so what is it that science museums and science
centers can offer in the context? And what | would argue
is potentially a little bit radical. It may not be information,
but it may be engagement, that the status of science
museums and science communication that | would argue
for is that they are boundary objects, if | can say. And the
concept of a boundary object comes from ethnography
or anthropology. It's an object which has a physical
character and it is at the boundary between two different
descriptions.

The best example is of the electron in the history of
physics. The electron for Niels Bohr was the planet going
around the sun of the nucleus. The electron in quantum
physics is some cloud of probability. The quantum
physics cannot talk about the planets. The planet cannot



talk about the probability, but it's the same electron. It's
the same electron; it's a boundary object.

And maybe the science museum space offers the same
for science communication. It is a place that from the
perspective of the curator or the culture preservation
and presentation of culture, is a cultural space, it's a
presentation space. And at the same time, from the
perspective of the scientist, it is a comfortable space,
a place where they can feel at home, where they are
respected, where their status matters. And yet, with
innovative practice, it's a place where the public can also
feel empowered, a place where their voice can be listened
to and a place where their perspective can be respected.
In this context, although people do not necessarily rate
museums as a source of information, a lot of people like
to visit them. So 34% of people have been to science
centers and museums and it's actually the most common
by far. And interestingly, and | think it's a small point
but a detailed one about ownership and space, the blue
curve, this is UK data, is the percentage of the national
population which have visited each of these centers.

But if you analyze it in terms of the regional population,
the population in the area around each of these places,
you get some much higher percentages. What this
means is that science centers are felt to be owned by the
communities in which they sit, it is 'our' science museum,
not the national one. And | think this is a very promising
finding for the role of the science museum in culture,
because it allows people to feel that this is their space, a
space which they own, where they are welcome as well.
So in conclusion, what are the roles of a science
communicator, especially in the museum context? Is it
just an escape from science? | don't think so. | respect
people who are former scientists, in many cases more
than | respect current scientists. They're people who
have been there, have done it, and have chosen to do
something else. It is increasingly being recognized as a
professional career. People do a Masters in it. It's really
the same structure as people who do a Masters in Law
to become a lawyer, having done something else less
useful before. These people are boundary objects, who in
principle should be trusted both by the scientists and by
the public, and | think this is probably the most important
point | want to make.

But we may be facing a problem. | had the privilege of
meeting with Yamashina-san at Miraikan yesterday, and
they have a program to train science communicators
there as well, but after five years, the communicators who
they train must leave and move out of Miraikan. This is a
serious problem.

What are we going to do with all the scientific
communicators that we generate? Is it a good career?
Would you want your child to be a science communicator?
Are the career paths firm and strong? Is there clear career
progression?

And finally, how is the funding for science communication
going to work? Again, to contrast the National Science
Museum with Miraikan: Miraikan is funded through the
JST. So it's a science funding agency which diverts its
public engagement money towards public communication,
and this is happening in the UK as well. But as we
encourage active scientists to communicate more directly,
there may be a tendency for research money that is given

to scientists to be spent by those scientists on public
engagement, and | think this is an interesting trend.
Maybe the professional scientists are amateur
communicators, and if that's the case and they are being
encouraged increasingly to communicate with the public,
this is a potentially dangerous phenomenon. So | think
there is a need for the professional science communicators
here to help the active scientists to engage actively with
an informed public. I'd like to thank you very much for
your attention.

(Ogawa) Thank you very much. We would like to entertain
some questions at this juncture, maybe about five minutes.
We will take about five minutes. Yes, please.

(Questioner 1) Just one question. Now how is the job
market for the science communicators?

(Glaser) Exciting. | mean, my last point is that there
may be a future in PR. | actually made a call to London
yesterday, to check with a friend of mine who is a science
communicator, what his friends are doing now and he
said many of them have moved to PR. | think there is
a problem, which is that the career structure is short-
term contracts, insecure funding and lack of progression.
And so I'm afraid I'm not here to give you an optimistic
message about this, but | think | am here to say that those
of us who believe it's important must give attention to the
professionalization and to a professional career track for
these young people, because the last thing we want is
to train up a whole generation and find in five years' time
they are selling soap.

(Ogawa) Are you satisfied? Any other question? Yes, the
person in front.

(Ishimura) Ishimura from Hokkaido University. Earlier you
said that science communicators might include those
who did not quite succeed in the realm of sciences, but
what about the self-esteem on the part of the science
communicator? What would be the basis for the self-
esteem? | am sure it would be different depending on
people by people. What about you and some of your
friends that are serving as science communicators? What
is the basis for their self-esteem?

(Glaser) | am grateful for the opportunity to correct any
misapprehension | may have generated by my remarks,
and | have been perhaps unfairly humorous. In my film
about how science really works, one of my favorite
moments is when a scientist cries on camera when she
remembers the time when her grant was not accepted,
and she had to seek other funding for her work. And |
mean, the life of a scientist is a miserable, competitive and
shallow one in some respects. So | think that people who
are smart enough to get their comfort outside professional
science ought to be applauded.

It does seem to me that the rewards for the successful
science communicator are clear. There is nothing in my
experience more satisfying than the faces of a group
of children when they have completely understood
something. And there is another kind of satisfaction which
you get from a Cafe Scientifique, for example, when as
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a communicator you have taken an audience who came
in to sit and listen and to be given the wisdom, and find
themselves after an hour arguing with a professor of
something from somewhere, a Nobel prize winner, and
understand that their voice can be heard in a context
where the scientist is important. So | think that the
rewards in personal terms are self-evident. We just have
to make sure that the career and financial rewards and
the rewards in terms of status within society match the
satisfaction.

(Ogawa) Do we entertain just one last question? There
seems to be one. Then I'd like to invite the questioner.

(Questioner 2) | would like to ask you how you think about
the meaning of the experience of science communication
for the scientists themselves, not for the public, but for the
scientists.

(Glaser) | would like to emphasize again that engaging
with the public and with non-science experts makes you
do better science. By better science, | mean several
things. | am actually quite radical on this. | think that it
makes you do better science in its own terms. | think your
science is improved by engagement with people outside
your field.

Within science, this is a commonplace interdisciplinarity,
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different kinds of scientists working together is now very
common. And if you'll forgive me, | have a theory which
is that disciplinary boundaries have fractal dimension. |
apologize for the technical term. Fractals are these curves
like the coast of a country, where when you zoom in, it
still looks the same. | apologize to the interpreters for
springing this term on you. Is everybody familiar with
fractals? They are curves which look the same when you
zoom out and when you zoom in and when you zoom in.
What this means is that the division between neurobiology
and biology is the same as the division between biology
and chemistry, is the same as the division between
biologies, chemistry and physics; is the same as the
division between science and history; is the same as
the division between academic and non-academic, is
the same as the division between literate and illiterate.
These are cultural boundaries which are maintained by
vocabulary and jargon and status in society and the
same satisfaction can be obtained by overcoming these
boundaries. So the advantage to the scientist is to
triumph as an individual over the restrictions of society
and you can improve yourself and your work by this
experience. It's also enormous fun.

(Ogawa) Thank you very much. With this, we'd like to
conclude this session. Thank you very much, Dr. Glaser.



+ PROCEEDINGS * MUSEUM COMMUNICATION + 161



BEWEE 3

—AXDARZ DS :

AENEEEE EBHIUNE—ROAL

Daniel Glaser

RE: DIIVALKSA K

ChICBIF. YT IVAL RS X hDDaniel Glaser&BUFE
T KAULKBBEVLWELEFET . BRZIRODDFIC, TUTr v
Va2 -A9VINIDEI—TAETREAEZSATAICESEL
EWEBWE T, SEF3EEDRATY D, HSDOEMIFTEH
BT ENTEF U NITAEEDETAICOY RUTH
2VLEEEIC, BICERICDODWTES EEN T I TREREIN
TWAHTEICEBUF T, Tle. BEIEED D fcDTIH. 2H
BIICAH T T CEIMEEYEDZEEE YA IV ATOJIS LT
WOFR U, A7 T FHEHDORICBRAKESN. CTTODIEFHRD

—HERELFIDTTEIMVERIFNEFZEWVNTY, EFICT
DR ZEYETHEECTDIEEOINULLEBE>TVLEFET, HK
ElFHVEYTCOY RYOREEMERID BEEHNHRVEND
CEP BREENT T ZTOERNEF v S U—EDOWED
BHULAVNEBVET,

hFSHDIEF. TLCEBRAIDREDAE—H—TCT. b
59 TICBrownst&., B _EEEDTDED EIFTeWLT &&mBA
5NFE UTc, Fic. AIEETRRR D BF i Z B<F L;T;L\é:,ml,\ia“o =]
BIFBEREDVWDEVNWD T ETIN, RECTRARZES DODEH
FOHRICHZEETEE—HET. NMEDRREHHD SFUERE
DEVWHETIHEVWEEDONTVET, TIH 5. FLlFEFICIE
Ja—IZESINBHULNFTEBADTERVLEITNIEENTT,

ZNTIEF. AZLEVDHIEWVNDS T EZZADBIEMICEKAL
EVWEBWE T, FMFBEZOF U 7ICBVLWCTOETO
JIvyaFr UL HEEEIERZEDEV. BETOYA
IVRAOAZ21Z5—Y3avOERZERD EIFTEF U ZUL
T.IDFBET DI IIALRSANIELTEAULSHENL
EWEBWETH. hMEbBHULAVEEZTEODCTLWDER
BULTVLE T, REICIFIERN. RBENLECTHREEZRZETK
WAR—ZTED EIFeBEESTEDH . EYEEDK S (FaiE
DOH\. BYEICBIFDTA IV RO 225 —5—D®KE(31E
PEWVWDSTEZFBUTHEVEBWVWET,

(UATRSA RHA)

LOREFEFMHOFEES EEBVWET FVTUwIKE
TEMBEEZV, TORICENZEERULIEDT, XEER
FO@AZ—IEDIEC EICIHEDETRT . HATERIZICBWNT
ZFOXEHEEEHDRO SNTVBDEBNTVET, A+
UATRZEN EEHFEDEDEVNS T EDHERINTVD

DHHHSIEL. Z3V2BDIEEATIF/INS/INSICLTWV
HOWEBBEWTWET, JUF v va - AU VYILTR. B
TIVAIVT 4 T4 v IDRBRKEORERIRICL > TR
TNTVEFET, AREREEFOR Y FITZOEMAREVSEEE
THDHIEABCEXZOBLESZIFocORY MNIZETT,
ORy FOXENEEKREGVWERRENTVWDEVWDS T ETTY
DT, REINTVDEVSIEKTIRBRERETLHLDLND
EWVWSTETY,

162 + MUSEUM COMMUNICATION - PROCEEDINGS -

FIFZDRICIFHBREYZEZMEB UE Uic. MOFDEDD
FEHAazELEDNEVWSTEZRRLF U RRBRZOE
DTN LIEVEBWVWET, T EDRFRTIE. LWDOIEEER
HIFEFIR, DFEDORZCHIFRZELV S EK TOEFIEN &
THREREEBVET,

BIZIE TV RZTDANT VREZRIESESEDDHEWV
SCETT, WeBIFMNEZDEETZEDKSICLTERHT S
hEWS T EICREEMSG DX LT,

CORZENLEERBICRULTERIZHICHIED, 2FI[CD
o TH VU —E—HEICHREEZ LF Uc, EIZOSV vy
INUIT. FRARISEWVWDISIVATY, ARISEWNDSD
FTSIIDIVATY,, FEY P —=BFICHR LIZDD
EVSEBICHEFELTRICHEEETDOHEULL. G
[CEPHTIFYA T4V I THBINSTY, O VILINLI
HTHTUVSARREZEE> TREZETVE U

C DRIZHIFERAICEZ DI, FafeBICHFICEIT ERM
BT DEVSIFREEDEMIFHNET U, FICHT VAT
1000~3000F([COc>THEHBELTERDT, HREYZF %
BT DLDBRVERENIFITY VH—D AT BIFKERHIC
FELTWVWDDTY, EhHEZZFF VT —hH62RESELRED
[FTT, BICHROSDAFILEZERIEVWEWVWDSEIFTIREL F
HB—=AYILY Y NEUTED T—HEICHEEEE Lich(T
T, BIRESVADHBHARENS CETEFEL, ZITD
HEYFFEZMIFRI T Uleo ZU T, mXIFEELRIZMEE
[C2DFEBHEINFE LI,

HATIEE SOOI D FHAN, X ZHMRT DDHK
ETUl, RIZ&EE—RBICITE o leh SmXERNBEEIE oI
EVWSTETRREDFR. MXYDEBSIFET7 LE 1 —ENZFE
IO, EBREEY T —#FE oD DV TEHONE L
Teo Fle. WODBES DL 2 EBETH > TUTF UHRIZFENT
FIFEVNEEDNIED UE U, Fife BHY VR EEBATEDIER
BREHNSEVWSTETREL KORZHRENS T ZEARED
THDO. FEFBNICHAD TEDEREDSTY,, T, &
A TRIFRFEDEMMNEZ B\l g DB D F L.
ERA DR TRZNEDB TRIEVWE D THEEZ LI ADS
SN3ES5BEDLHDVERIFEZhBULNEBAD. ES5BEE
HEWLWDIBDTHEVBDICALTIFTIZHICFHA LELEWLD
EREDHDFT ., Fle. WHBEZEEL UTERZER S 2D,
RN RERFETTHED—REDID LD ZITIEO I
S5 TY ., TNZFNAEBLREREZLTCVWDDTTHENLT
WEWVWEBWET,

RAICEALD S D e DIFHZZIFHZNEZEBTEKRT D&
WS T ETY, MEFIFIBZDOZEB L FaANEVNS LT,



ZTNEERBBHLANENVNDS T ETIFEL BEDZEBEWND
DIFFIZ IFRERE. HARE. B TOREDRE. el XKFD
ERETOBE. HHIVERZEYEL B ULNF A

2HHI. O 1= —Y 3 VOREIC [FERIFEMNEZER K
Hl ERBULES. [RIZRBZERETRBEVEC A, FIZEF. e
DER. RE. B, h7x. REE] EEZAFT L. INEREZ
BNZDBTIREVIERIZNEZEE TRDOIRSEVWSTETY
H. ERIZMEZERE ERZETHEVWAEBHREL. BH LT
WBHDIFTIN S, BEOREENE LTV HERZDEN
SEOBFLTVNK EVNSTEREBVET, OUEDDPDAE
LT, AZEF>TVBDRZDENSEDERWVNT, £33 TIEE
WZEEICANTULW EVWDTETT, ZLTCTZDREIRZBEU T,
WEBHBBHICEKRDOSD2EEZ L TVD T EHNTERFELE
ElF3EBVET,

FFDOHEH T O KR ODICA (Institute of
Contemporary Arts REREMAZA) CTREEELTH
FESHTCVEREEFR UL MDT7AT7EVND T ETIFEFL.
DITJVALBENSD7 FJO—FHHb., #BEHG>eh BT
T, ICAIFIERIZMIEZEME ULTIEIED T 7y atrJILig
ECATHD. AT VAR Y. FvSU— BIIEHSHD
FI ZCTRIFYAT 4V IET7—MDTHONSDT. iR
UCRRT DI EZBNIEVWRIECHDEEZADEBVFT,
ICADHHIE. BDAIDZEITIFEDEHZD S BV EDIFKEH.
BDIVNFEL DR EVNWDS T ETT, CINHICADI MRT
Bbh. KRZELNIEVWEWS T ETT IhdbLANCEE
TRDESBEIDNAICHEDIREBDNETT, EHHIZFEDT
WERITELS CHEIEREARZSLI\DD, BEZIETLI
EEEVWEBWVET,

BIZ X, PRI CEMRD—ELEZT D EEHD
FIH. ZOFCHFTHH TEMDBICREEEBVLTHES
ZEIEEDIITT, AFEEEELTHEZULF U, KRZE
WREUERERTEZ UT, @ERFIC/I\—THHED R ZEA®
ULEUR TERBAEZLF UL, BEEESVTEVEWND
BOALHBLDWLWAWAEATEBEREZLF LI, 7 7O0—F
TEBDEVSEADICADNN—E2cEVWSTETY, HUE
BEPARERE 2SR TLNEVD T, B2E EFERZED
ERZETIFSZEICEL>T HEERERENTEDEEER
DIFfeDTY . COLITFTVARHENEEICSFLWofeeEW
S3C&ETY,

MWEAT AT IT 4 T4 v IDKI 7V TY, CNUFS
VRV - ISREVWSAPHELIVETNTY, HIF5S
AEVWSEHIEDICAFYUZAAT. TLEORZEHED IO
Fa1—Y—TUl BRI ADTLEZRDRICESIED D
EVWSTEICEDVWTDOL o8 T, 2 TORIBMES
mEFEVWEVCNEZIFTUR. ZNTIRAEDD D LD HBEE
UBLKIEVLDT. AT 9AITVT 4 T4 v ITIRREZEEDA
EBICRTHS > T, FIZBFREEDY VRV DIER Z 2B
LTWEFRUE. N1 7B UL NDT—RA Y hBELIE. AT —
IJEELEEDHDFRA. TERDODABICIEIIIDORT
[FIESHLKEOTUVEREEFR T, TLUT. BBBERHFF T, BRAA
PEYICUT, BEBEERACEZETDHEE LT U BED
BHOIBE LT, RZEDROD S THEMEER DRV TRIZHE
EIFRRBICEZSIBLSEVNDSTETT,

INK—TYRAEVWSEZADGBDODEIT . TV VVICEWVWTHD
M ULNFBAD. TDININ—=TRXEWD DIFHERDIEUVEIE
EWVWDS T ET., BHICHATIEFENTBELEEBVET, Y2
TIARTHDEVWD T ETRELIGFAPE-ICHT DHEXT
BO. BADADH > TVD EZMDATEEDHSHEWNE LT

B, A2 TLBADHFRIFARBTIEIENENS T ETY,
BBCOT LEEET. AFZ(CEAT2RFEDHDI U, —
BRDANeBZRZICHD DS EDHEEICIERZDILZSHA L
TUDEFNEESIENEVNDZETT, Jay - F5v&0
SAFYRANE EFHR. REBRCTID, RE—HREDHDHDD
[CEAULTHD C E(F [RIZNEER, EDKSICTIH. ZLT
MEZEDKLS B THAICKRETEDDHNDIDRE] EED
TVET BREVD DI, HIZIFE. REFEDHIEVLDHS
DD KEEE#HN S EDSSVENTVSDHENSTET
To Ffes TNHEDKSICEET 2DHEVD &L BRI A
ESNIERBNETTEVPERE. 2. ERETT. 3SDEDOEY
[CESTEDHENS T L ESTNFBRICENDDD. B
HEZHSABN OS5 ESFEDIDD. BEHDIANTESD
Vv —FITHRNZHUTCIBESTIRESEVDHEEEND
CETT ZDRIBFZ EF—MDATCEHIEET 2HED D
bFE I, BFNICIF. SDRZEDMBEDOA VI E 1 -2
T.HULWIIFVILRIDKRSFENG D] EE o fciBa.
HZZEDDSBEVALLBIEFEBLEDERIEE2HPHHINE
REBOTULESIHBULNI B DIFVOEEFSIHELL
CEVSTERIFTRIEL, [DFLVHEL, HRDFEL] &
R ULIEVWHED RN ZEHH L TCH O I BFVMERD G D T,
BZOBEETIE. —RDAEEBRT DI EZS > THIDTHX
EULTHDIDTENGDDT, BERZEN DI FUHR
HEW] EES DN ZBELTCTEHEB S ER 5T,

ULH U BWEBSBZESASTDEVNSTET. DTIVAL
BEICADE U, DT IVALBMERBRZRRICBVTCIE2EHE
BOEEETY, YH—FHIVVILT. BIFEDRE T
B5OEBMFED1~3%Z—MEDIH OO P TOIS LD
BHICFE>TVET, CNEFRENZETOIY T bO—EBTHD.
KFTVWEBDEWSTB DI TIEEVWENWS T ETT, —iRD
AEDHHDODIFEMIFICTDIETIEHDFEA. TTIC
Eok&KIIC. ZDESHRIDIVBRZZEDL L. ZDMODIE
HEBHTEDEBO>TLFET,

ZUT. —mEDHHDODOZETIDIF. HoEBBHULAL A
LCWERERWV., RIBZSZA TYSZEH > CTLWBDAEBICE
MUCWEREERWLWHNDBTY, e B RS A MEUT, &
DO AZBERICIGA D ENTEDERO>TVET, INIE
MEDSIRDIVEEBZRREBVET, Tl FAcBEDEFER.
JO7 4= lbEESICEDEVEVNDS T EBIENCHDET,

C I Tl AEECHZORRABEVSI NI KELFREZ
BUBREREVWDSZENHDIITDT, BELEVDEIDFH
TRIFETECVEERVWEBVE T,

BEEVLWSODRBERAYF 1S LICHEZEDLOINERE
BULET, ZNIRARTOHE. ZUTHRICEDVRIZEH
BO@AZELTCVWET ., GHET500075K RILZEDFTH
VIFIWYATI VRS- T 5—EDEEZITEOTV
9, OV RVICWS ULIEAIFSEANE ULNEBAD. FEEP
RETTHIRD TOEULTDRF )V EBFEH ULEIFTNEE
DEBh. BIZDBETIE. BIZE 25FFIICKETHD O
RIITRETULHMEREDETEINTVDDIITIEHD I,
FERZZHRITCVDESR A TERE 7 v IT—hEN
CERZEDDEFVRD . BIRE U THD e E<ED & T,

FELTHEERTHEDLIFERBETHDEDEVDT, &
BROPTHELB ICASHORTH OO > THESNDHIEEF

+ PROCEEDINGS + MUSEUM COMMUNICATION + 163



LCVEIFETH. EBEFZEIFSNEIDERcDTIH.
ZOCTRRHEHFEBATUR, RIC, HEHEZBEICRIFSN
EHRBFZEEFTLREETV. 2ETRHEVTL & SD. TNT
[F. RERZETHDARFZRIFTILEEN. FREADEVLD
TH#Hm CEFTBAD. BHARMRBLADRIZETURD, SlIEY A
IVAAZ2Z5—%9—TY, UL, SEBHZCEALTE
BULEZADDT. BRRFLERZELDOI B LNEVENST
ETT . Vo tARIRE(CIE DI SRZNERED SBZEHEZ
FNEWVWSZEBHBEINBULNEE MCEDTIFETED
NMBEULNFEAD EERZETHDHEBVET. YA/IVR
=225 —9—RBHZELEROTVEHBHEVS LY DD
TZDARFFEES B ULNFEA. BEBDZERDIEEDR
FEOARCEHTCLE>ehBULNEEA. L L. TOEL
THLIVT 4 AMEVSERZLEDKL S CIEET DD EVD
CERFFERICHBEFELEIETUVEERT,

TCHREBEEVSDRFES UTEBREINDIDTLLID.
WAWARIRAD DD T T, REOHRZEELEHNEFEZETL)
BEVNSTEICEDESBEEKRD G DO EDHDEEADL.
WeBOHETEGIEEDAT—IRAZBTNREEDN
TEFEZETVSDIITY, ZDVEDDERELT. BSD
F—XICEATDHBMPENTHDEWVNDTETY, HEFAIEE
EMBEEEIF O TV, HRRFEDRZDDEFICDOVTHED
HFEZEFO>TVNDEWNDTETY, L T20~21Hig &R
MEREREATWVLICDNT., TOHEIFIES CFEFH R
BHDICHE2TVLKDIFTY, LD L. UNILICKDTlE. AHIC
CORFICDNTIFLLHAMDTVNDEWVNS T ED, ZDIEFED
TTIRELDEBDNE T,

RIS BETEDLOBEMZRFO>TLDENDTETY,
BZ2DCEZHOSH L THEDOAICADNBZ 2HDHHDHEN
S5CTETY, HREYREELBE. fIZ(E WBEOEAY—
[CEIL TADMNSG SEADSNEHZI TELLEWVNS T ED
BDFITDT., YERZOEMARNEBLHHTLLDDITT
T HUNITREZ1—OFAIVREBHULEEDEEDN
TWBDTIREVLWNEVNSTIFEICEEODTLDDTT, 2D
NIV ITIF—=I XY NODEHT. BIZ XD DEEDIHT
FACAZETIE D TV D IcVWEEE. ZTDARBICENT
HBDIETY, UL U. BEDRICILIZIEVNC EBHDET, Bl
ZIE [COEAZY IVERY SDNARS YR Ta2—X LT,
S1—FVhENZ—HEICKELTVNDDIE] EE>2TWVD
DIFTT, U U, ZOBOXRBREDFREICHEHIFEFRESD
[FTY, [BEEDOBBEEAFEIZLTNDDTI L] EELE
[A\BEDBGFEREO>TIYIRICANT, ZOYIZADBABEEE
URSICHH DD EINETVD] ESSDTT . TNIFEE
[CITIE D2 TVBDADSIEEC ZAEWVEHATY, AlZ®o>TL\D
DHDHOH 2> TVNBDEBBESADRURZEVND T ETT, BB,
MBEEDISICUTBEL TV EWVWD T EIFIERICRIE
TIRRBEVDEBVET, ADPOTLDEIFEBETEDIN
EBH BADEZDD DRI TIZT 22— MTEREW
EVWSRIEN S DD TIEHEVNTL & SH%

FeHBICBIFBREBDSODFEIT. O VILVHIFT 4 DK
SHRERTIBEZEBDCENTEDCEDHHDTLLD, EU
T, FEEHRES(TDT EDBOET, FECDKSEH
DFHAICE>TUE DD DO HSIHEVABNS O L dHhE
ULNFBAD., FIREBD X S15& A TEHIEDTTHNDDT.
ZDELIFTEDMEEDTTICHEDDTL &S,

DI VALRSZAMUHNTHEMORIEVWSREZERICHARE

164 + MUSEUM COMMUNICATION - PROCEEDINGS -

ZFEEUF Ulc, BICBUERELE, ZDMWVS VD IEEEDI/N
TUYITIVTF—IAY MIDODVWTOREEZLTVE T, flZX
[ BREEVCT—BRBRERILTHERABLVLWTELT
LEREDTY, BZERICEALTRET UVED—BELEWVWDZET
T REICTUVEDRZIC@AZ LTVBDNEVWS T EZH DT
WNIFZDKRSIBTERCRBESBEVEFTIN, FrUT«
FTORFZRF > TLIHEE, KETHZECVLIRZREL
BSHERRICIEDTVSDIFITT, TIH S, BUFPOEREE
TEHLWCWARZERTF v UT « PREELEND EIEICER
ENMEVEWVNS T ETT, WcB5BDULEBAESKIFNIEVIT
BFWTEDSDIBELNEEBA.

ET HFERZZEBBLEVDHIIICDODVWTETHFL & S,
WAWAREREHEZIADEEEINE Ul 1FICHETY, HlX
E NNTUYIITIHF—I A MTIEWDWVBRERBIRT EHH
b&E U, BSEDBREHEELTCLF e & ZFNICDNT
DiEEN B OEVNS T E ZUTEEBRBERITE &
FIRADBEZEBELEC ENG oD TRELHEWNS T
EDGBD, ZFNHMEFEZER ST ONMNFICHE T EBHDFET,
Fle, —lBOADHRZICHT DHFHARETTEDEBHDF
I, ZOHFITAZTLEL., BEORIZEFILHEVENS
CEBHHBDOFET,

BA®A FU XA THEAERPEABFZED D> T MEMITH
BZ(CHT2EEEEN DB UNERA. Fio. EFNE
NAERRBEEDIED > TSI BB ULNFHA Fie.

BRERENMTONDDTEIEVLD. DED. BUGAREBH
WAWVWABETRZICADTLDEWVNSTETT ., BRBEN
ZEULTHHA DL OILRZERRICEENTLDIETEHDT
MERICDHEDNODTVWBDEEZADDTIFEVNTU &L DD
BIZIE. PAUATBCAD IR Y FT—5—H [T v aK#E
DRSS CHMBRARICEALTELTLEEVLDSDIEFBA L
W] EE>TLEDTI D, ZNICHUTHBDBLED IX Y T—
F—D[ZARFCERXAEES T ETIRFEL,. BERFVD
BDREE—RDODALBICEHELDEITNEESHKEWNESOT
WBTIREWLD BUARDZNICHNS ELALVLWEESDEF
ESVSTEHDN] EEVF UL, 25V o EDHDH
BUNFRA Ffeo AT« P TERESNEDBEEScBIERE
TNTULERSTEHDDADBHULNEFEA.

%< DRIREBR>BROBBEICDVWTHRICEEZ D TE
W EBHDFRT, FIRIX [T v—FUR D, HIEfeHEBE L
RO AEFESHBPEZLESESTLLIN. ERED LEIF
S5NIEVEKDBEHED> TED EIFSNBEFESHVNTI NI &
E3& IFEAEDHZEEF [EAMD EIFSNEVESHF
LI EEVWE T HIRODBBREVLDS CETRE. BREHMDE ol
CEEZTBAEEDTLREBLDTAYREEVWDIDIFTY, Lh
U. Iv—FURXRDREEZSIVSTERLESADDTIFE
WTU& DD ZDLIIEVNBVABFIERNG > T, BZF(TH
IREBERDEDODNTNSERBHDET,

ZFNICHTBDRRIFAHENDSE AT PEIZT a2 —
VAV hU—ZUIEREZHEICHULTITS I EEEZIOSNE
I, RREYEE VS DRIERICREFER. REKILIETT,
ZFOVSECAZANRAUVCEHZREAITAHCENTEDDT
FEFEVWTUL&EDDS Fles AT« 7EDAZT 25— auP
FEBREBEDIAZ 2T —y a VIOV THREEZINET
BDIEHTEDEBVET RIZDHODIZTa=sr—r 3y
DRU—ZVTICDVTIF AT 4 7PERPARZICHTSH
DTHOEELTH, HIRIF, BEREITIT>TEDLHLF



RNEIZ 2125 —Y 3 VHEZBEBICH DD ZEZD L.
SR THAHICEBTRERZEATVDDTIEFELHLERN
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[CIFIESIEVDTY . A FURXTHZDLIBET LIFERHEN
THDH. ERUANIVTIFFLWLAYF 2S5 LD 2 DRI
HEAETNK Ul AYF S LZERZEICESTEVALSIC
BDEMTEDLOLDBDICTRHICIFESITNRELLVDLE
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& AIFROSE (The Relevance of Science Education)
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BEDFBA. ZLDRZECBE—ERBHBICHRELTVET
B BODP®o>TVWB T EEZZLDARBICHSEDZEFEL
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TVFEUc. COREERD SEED DD T, LIFEBTEN
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Public Engagement: Active Scientists and An Empowered Public -
EFEE 3 —BoALONS ERNEHSE L EINE—ROAL ~

Daniel Glaser, The Wellcome Trust, UK
®mE: 9 TILALRSZ K

Public engagement: active
scientists and an
empowered public

O Danbed Glaser
The Wellcome Trust

274 K1 274K 2

Professional career Work on percaption

= Cambridge University
+ Mathematics (Part 1)
* English Literature

= Neurobiclogy, Weizmann Institute
+igual cortex
« Functional Brain imaging {MAR1)
¢ How dancers see dance

A74K3 274K 4

How do dancers see dance? Public Engagement Activities

How timmg, is the movement vou sawd

=" Doing sclence In & non-sclence space”

= Scientst in Residence at London's Institute of
Contemporary At (ICA)

= Café Scientifigue (in London and worldwide
thraugh British Council)

= Presanfter of BBC Four television zenes
Undar Laboratony Conditians

AZ4K5 ZZ14K6
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The Wellcome Trust

&n mdependent research-
funding charity

Eﬂnblla-hiﬂ N 1935 uncdar e
will of Sir Henry Wallcoma

E800 million per waar on
teomedical research in the LUK
and in 50 countries
Imtemationaiy

Wellcome Trust mission

“To foster and
promate research with
the aim of improving
human and animal
health”

AZ4RK7

274K 8

strategic aims Funding driven by science
EEY
r . CAEE g S TITE
’-5 _.E.'_ﬁ Bl rey et
2 B
5 ILE)
i Fl
1= ) < -
Etrategic Plan o | i
m-z‘:"’l‘:l X l .l:jl.ll
L e
274K 9 274K 10

Public Engagement

AIMS OF PUBLIC ENGAGEMENT

To engage with society to fester an informed

climate within swwhich Dlomedesal sCience can
flourish

274K 11

274 K12
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OBJECTIVE:

To fund public engagement:
* T promote leaming, intersst and sxciRtement
= To atirulate an informed debate
* Tovinform national &nd Trust poicy and plans

* Increase our mpact and profile

Understanding Public Engagement

274 K13

274K 14

Public engagement grants

& Society Awands
= Lange, siraeg:
= [heme-oesed
= Sgiends and A
= Peaple Awands ™
= Bmal, reachva

= Widsranging

+ Capilal Awands

Engaging Science grants

274 K15

274K 16

Public engagement direct activities

= Broadcast
* Opveloping strategy

+ Bupporting Trusi-funded researchers
= EnGorageman

= Traming

EPATE .
s Funding

+ Publc consukabons
* Human besue, cloning, governance

= Cipgertinilies [Py p——

Engaging Young People

274 K17
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Future Strategy 2006 -2010
Objectives

= Stimulate merest in omedical sclence amongst
young peopla

= Sustain the numbar and increase the guality of
young people entenng blomedical related careers

= Enhance scientific literacy

Rationale

= Inspine youeg) peaple o
become scienlisis

« Cisiranl baaimedss]
resegch will mpact cn

today's young peaple

= Sociely Tarmilear vaith the
process and progress of
ko mazct ol Sl e

274 K19

274K 20

Education

= Influance on polcy and Cumcllum
i Conmbmirsd reamich & g Frimecy
Honsons, Lfe Sludy
+ S TRl chivi el grants a g, SCSE
21 Cailury S v ol

« Metwark of Soence Leaming Centres
+ Parmenship wih DFES
+ High qualty professional deveiopment for achen

Public engagement: active

scientists and an
empowered public

Or Danlel Glaser

» Resources & new approaches to formal & informal education T Vralicome Tres
+ Big Fichume maries
© Y paIng pecpe’ s o . Pulse granis
t Supper for sciencs centren @ g Chiren Somnce | @0reicd]
e wellcome '
274K 21 AZ74NKN 22
Why Trust Scientists
«Domain knowledge (specialism)
= Transferable skills (the lab next door)
« Traditional professional stalus
« Statutory role {The Royal Society)
» Peer review
[ T P R S
X714 K 23 AZ74NK 24
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i LI ] mrrabion on Lol
B A i, s ey e ity e
e Why not trust science

b | Se—
Crig e e ] 11
EEETIE RS - %
e et * Public errors
berr — 1% .
BT e gl [ |- = A

. [s— * Inappropriate expectation
Enrwmes isisapsns poss I TP s i
o il + Lack of sophisticated social models
Fraeg o iy l__nﬁ'_'q.
vt p—— o iy « General cultural hostility
..... e — _
L T T 1 « Specific cultural issues
hhb:l:. —1|-|r-.-r-r-—-||l=,__|'i:-..
=1y » Political manipulation
e ; - i
ety —_— p = Mistranslation (media) JE—

274K 25 274K 26
Remedies How the two sides see each other
» Media training for scientists « How children see science depends on

degree of development of country

= Science training for media :
«Many scientists engage but do not talk

s Grassrools public engagemant about it
« Scientific citizenship « There are many paths from a science
e degree including professional science
- Café Scientifique communication
wallcorma: wnilcoame

274K 27 274K 28

£ M',.“""‘T""" Feclin | i -W . gt

£ o o National priorities
M= waramed .“_T-“ -'“"'"'

t: e || [Yrrr—— s . ,

g e «We need more scienlists™?
I . Putigs

B s W «“We need more scientifically lterate citizens"?

] L] M. rgiare
I E M ﬂ:".’f.;‘., +It's just part of a mature culture.

E P et

1 | I L] ¥ I - 1

Human develoomen] ndes
IR A i LD PG Ee o)
Prof. Wasshmin OGN, Kobe Lipversity
wanllecama P e

274K 29 224K 30
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Information on Science
Current and Fulure Sources

= Fubure
Tis PR T T

TV Mews

FRONS N800
Plagrrmn

FrdEiTell MBS e
Plalinnal mrs
Friesde & resbons
Lol s s

Information on Science
Current and Future Sources

- Fuiue == Current
VDK cobgEs B, 113%
Lamtais |12 12%
leral “atin 19 12%
information hom Goesmenemi | 4954 2%,
Children L #10%
inlira e Ty T e g5

Ecienoe IMvaPUne meeings
Wi - TS ChB R EraiiTiS

Soiarce CaninesWsasms T l".ﬂl'.di. ‘ 1 ; : Tededes 5
0% 1% 20% 30% A% 0% 60 To% D% 10% 3OO 30% 0% S0 BO% TO
B S g 7+ g o et o o Bane B9 L5 oty gt 16 S e = Acmprabose 2300 Saurca WOA|
e wanileoaTes.
274K 31 274K 32
Science Activities
O W, i ey, of e AoOOwheg NEEee ol vSITeY o gone in
The Museum Context ok L e g
WViuled 2 rrussum or sE@nce cenim | BT 1
. Wrailied o laberalo [
+MORI 2004 report demonsirates UK public s i :
liking for museums and science centres e il g | 1 1
Bamcpaed 05 sclnoe-remed BNy SClance-
A acifty o a schooisomesinky canme | ¥ o2 obatnd | 1
« Are MUSEUMS SClence SpAcRE: Aol i st et | activity: 56% | .
- How to incorporate contemporary science gt Lot e el 5% .
Almrdec s publc Sseebing h ﬂ a
= Relationship with school context S IR g
Baan 10 1he Crbed e S 4
Bma 501 UK scief sged ¥ Septwmier - Hovembar 3004 arate RWOR
L = walicorn
274 K 33 274K 34
Visiling Science Centres . -
G WIken, i any, of the Following Schened cantres fave pou visked b Me Role of science communicator
dawl lew jprara?
==~ Mational = Reqglonal
The Matural Hastory Mussum 2% 48%, (Lonon)  Escape from science?
Ther Ecience Museum ; 190 A58 (London|
The Eden Ssopect. Conmwat B, {South Wisst) * MSc as professional training
RN . 2% P * Boundary objects
Eifidial, Halfdn 23%: [Vors & Humnier)
Wusmam of Soancs & ind DN (Mot Wasi) « Trusted by both
Tree Ciarire dor Lites Dge,  (heorin East) - Caresr insscur
The D . ol Prpng "“:"!'“"' Humber) ; "hﬂ'
% 0% 20%  30% 40% 50°% » Future in PR?
= L g e P e g, . F | Eowrzar EICH]
wenlllcormee e
274K 35 274K 36
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Bl BFE A RMTEERE ZUR

CHhICEF. BEZMBERIAAMDIELZTCY.. HO—&SD
CEIFRFO>TUVEFUT, WD EVTEVT EIFRTID ADEER
E2TULEWVFE U IEBARDSIEVD VA IEEFIFREN S
DEITDT, FBS FEVIRICKDEBVET [TV
AAZ 125 —45—F¥MAZGRDDH] EVWSERZZE[FIFFL
b BEED S CORICBMEETLEEWT, WAWLWAHFHUL
CRARTEDHBDFEFIDT, AFLHTDBERICIFESHN
FICEEIT&EICLEFET,

(UTASA REtR)

HAIVRAAZ 25—y a VBT SHI T—BEELC
ETIH. FIICRIZDYR—F—ZBY T CEHNBMTIESD
FtA. AULTHRZEMICETIERZSDHTHLL), B
FEMICEAULTVWAVWAKERERDULDD. EDK S ICRIERE
MEREETETLIFREVLLOD. HBIVFEDKIEFESFL
FEULTOWKRENZEZZDLEZREDHIT EHNKAYTT,
EVWDSTET ZDKL ST HDZEEETEDHOHBEI=ZaZ
T—2avDE—DEMNREEEZEZTVET, (RS54 R2)

LH L. —FBHRUVOIFREZDLEMICE U T2 ELDTEL,
HMEALDIEEVWDEN DD ETT, BRIDAFZAILICHKIDF
IH. BROEHAEZRD & RO 1 —RIEE (TR
DHEVEVNDS ADE0%LSBEVNDDTY . £F. COELD
BULEIC. EDOKDICLTELDZFE >THS SO EVNDS T E
ZEIFIINEVNFF B, Tle. BOHGDEESVADE
BTH. ZOHRTEDLSEIZTa=Z 45—y avELTLLD
EVSTEEEZBZRFIFNEVNFHEVEBVNET,

CORELDBVEDALSICHRZICELZR>THES S
DHELEE. BHDEEELDZF > TVWDARLEENDIZT 22—
Va3 VDHEEVNIDEFHABOTLDEBVFET, Z505
BT, CCTRRITZEHINLUEI EVWSEEAZULF LD
BOFECDRIBECATHEIZ 25— 3avDEAED
ZHo2TCKD. BEOAZTaZ5—5—DhhbbAHEDOT
<BDTIRIEFLDEEZTVET,

RIEMICBIETERE LTE, BIEEMBEREVS DD EE
DRIICLTVLKHEVNS T EZEREEDNEZA TN TET
T RElF. [RIZHEMEEPRICET T ICIFERBES]
EVSESBEVAZEINF TN, TATHEZLDADELE
BHoT. BABDEREZERMEBTOK VY RTLNEERS
SEBVET,

ZDXRIBFHBDERIRTDEHICIE BERMIZ 2= —
VavEVLWSYAY REDEIDERRLLEVSFHIRELD
DHHET, SHIEFENSVSVBEBEN SO F UIcH X
FILBVA Y RFBREVRZER(F ICERTH L DIFICEFLHIE
WVEWVWSTET, BZEDAICREY AV R BDVEAFILZ
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[3] A Report on the Graduate School Program Science and Engineering Communication by
Tripartite Collaboration among Industry, Public Administration and Academia

Saijo Miki: Tokyo Institute of Technology

“Graduate School Education on Science and
Engineering Communications Through

Industry-Academla-Government Cooperation®
S — B T

Miki Saija
Innovation System Ressardh Cenber
Fareign Stident Canter

Tokyo Institute of Technelogy

Wl T e e TR
Mol il e e S

Course Dutline
]

O Objective
Ta nurture scientists/engineers who are alm eacelient
communicators

O Composition (1% through 2™ paricds)
[1]Lectres, deills, ard exercises (minvi-science cafd)
[2]Internship through irdustry - seadermia-govamimeant

ooperation

[3limplementation of scenca cafe

O Expeded resuts
Perdoers who are capable ol sseiig scence fanginessring
from general public's viewpoint and prowsding multigle
salutiors and choices far vanous problers:

274 K1

274K 2

Originality of the course

O The objecthe s Lo nurtire mrﬂ.b!slﬁrmlums wha can
cormmimicate with the “gensral public’

Flow of the course
—_—

:Eﬁln:l i | = redarm Eol osriog e SodasmfEsgranrng Cereess oo
L ]

]

E | o Sgan samines a8 0 means of recoegnition i
O To uphold an ldea that sclance comimiinication & a form 5|
nf.clnr:;zi:'}:l:.n inegotiation/a mﬁghlmmjﬂl?&ul‘mm ns' F £ Basic th lecture and exerciser |
scianti i g w renl attribaie 5 SRR
in ceder & provide appro mwdemlgjla ko fsaus E i T Media/government policy
vy & soclaty an A iness 4 E
" ' e £ § | Intemship demestic/svareens) |
a To I)m'dl:l-: & rarm for developing human relatians A i =T [P B SRR
i II%IE shills Lo meake wgnﬁh COmersalinns g g Praparation ¢l café pragrass takle
) ettt ol e ek ey cath
ol canversations nizance and sanse d .1
& member of the mdl;':'g E . i
[LH]
PP T AT —— :
VT G B P RERT hisboral oo T
274K 3 274K 4

Implementation System | 2006 Acedermic Year)

F Srpdens
'I:AIl\.I Greed T SDuda i

—

.

Input(ll Features of Theory/Exarcise

O Coememunicatian th based on applied linguistics
{speach analysis s Transaton theory)

O Application af case studies te barm how [0 Pands
probbemes af des igreng comemunicatian ansircnmaent and
schEnce/engineering such as risk commeunication
irsirictional design and cllreach

O Exerciss on haw be design a communication plationm
based on what is kesarned in theory

Lacture rabararon meberiahs ara avalabis at
hlipcy femew ryu_bbech  sc Jog =t imociulesinesysy

frabprra-irrwid gyl
Tl S e ol gy

AZ4K5
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Course materigl; What kind of scientist/|person)] can
conduct cenversation on sciencaftechnalogy
—_—

Seeartist who & capable of:

Course material: For realization of purposaful
bidirectional communication

O Irportance of code switching corresponding to

O wviewing & situation i & relative manne conlaxl

O arvisioning ridtiphs subjects under & situation, and Specifically,

O assurming mullipla solulions, adjustment of contents,
selection of langusge style,

|
selection of presentation tool,
Ahility to interpret tha problem fram maltiples vievwpoints adjustment of non-linguistic slemeants,
—Skit abcuf cammuinicatian fauira aihc,
||-| ‘.JH = - ik =k I.- .l. .-. I -\.- ‘. 1
AZA4AKN7 AZ714K 8

Input# Featuras of internship
e T SRR R
0O  Huwt b an interaship concernisg scunce sed anginessing
ﬂﬂ'l";:ﬂlr-ll‘lll-lrl higRad b Co-a@aratian H'Irldlll'-lﬁl. l“ﬂll-l'll- L1
pEYD
O Iendred aie digpatd il i demematic and svaiiais IBIRLUTIRES
A1 Madls Inzermakiipg
Corngara] To leaim R i sbeag mean] islved nilmvahon B procsissid amd
smbned
Flaoss: Mkkas Kagen, Tomien, Hbkka B
i Policy infmrmahip
Conbeals: To leam hew sdoren/argi ey l'||l|ll! migrmabizn o baved fram
gesers rants policy dectponiv poat spEno
Flacae: Public Falstene Offes ard Irmu:p.'ﬁu!l-rm.'i:-uummrt Ceeparabion D
al lnpan Scmace ard Technclagy Agercy, Habarad Irairscis of Scarce ard
Tach ralogy
G earseas Intarnahip
Conbmain: To lsam ot U imace and Bechs v pediey npppart instirions aad
#x mabific comimel plcation asent mplsTeninben organizrsone haw their morks
ArE prams

Features of ﬂd.ll‘.'llll

—_—

O Plan and operafe a cCommunication plationn called “Sclence
Calé im ordes Lo know what théey can do in reality beased
am what they keamed through twa knds of input

O Prowide a gukdances to students o technlgques of how ko
Isunch science/engineering topics with the hedp of HHE

O Shudents are to implement all abowt Sclence Calé with the
hdp of faculty and TA

—Daciding topics, selecting speakers and ragotiating
speplker s appesranoe ab Soence Cafe, finding the placs,
handling publc relations, advestising, setting up the place,
facitating, preparing for guestiormaine and tabulating
qliestion e resulis, b,

AZ4K9

274 K10

Scenes of First Science Café at Tokyo Tech

What can be sccomplished by education thravgh
Indus,tr:.r-academna- gnuernment CI:II:IFIEr'EI}EI[‘l
e

O Lean about conversaticnal features and socclal impacts of
science/angnesring communicaticn (academia)

O Exper=nce realty of sdencs/enginssring comernication
fresm dilferent pesitions (policy making arganizatans and
mesdia) [industry, gowanment

= Promation of undersdanding among sirilar organizatons
amang palicy making erganizatisig amnd amang madia as
wedl different fiedds, Le., amang industry, academmia and
e, wia The interface of aducaison of studens

= Promction of exchange and understanding amaersg peopls
witd @re involved In soenos‘enginecring commun ications

—+Creating methodology for calling up needs of the sodety
for scienoebechnology cormmumications

274 K12
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