YIRIIA

BN BBEHRT

~BYRICEIZIRREVFSV—BEEFDOFREANER~
Science Education Connecting with Society

HiE : 2010 11 823 8 (N#]) 13:00~17:15
&5 : EMNRSFEBYE (ER - EHAE) IR 3 KESR
FE EIRFBYE

National Museum of Nature and Science






FESS

TR, Bk & Itk iy

MEICBWTAA2ENL, @MUICkinL, &AM EITEI N TE D

B —BRITIv——2BFLIENROLNATHET, &5, lHx ORIV TIY—om Ex KX
L2z, BT I — %l A T A E T 5281289, 2R ERELTORFIT I —
o & TALOLHEINTOET,

AR URTT LTI, BE T 252 SO REERY BT, 2O ERBENSE R EY R IZB1T
HRFVT T — BRI OH T AM B RO ATREMICOWTHESL, A& NEnictksEse
MTELHAEITROLNLF F R EMEEOEEN OV TEm A RO £ T,

7095 A
HeF ] F
13:00~ B R4 Ok 1L R I ([E] ST R 27 1 40 i o S HE o 5 2 3 A 1y - R RR AR 2

YTATIEE AN B EER)

13:10~13:30 (20 4%)

RS B /1 FE N ([ ST R 27 18 ) B 2 36 HE A 0 22 3 A - G ER R

13:30~14:15 (45 %)

i 1:Priscilla Gaff
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Science Programming at Melbourne Museum
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Enhancing student scientific research capabilities through teacher
professional development and connected student programs
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Speech 1

Bk
Science Programming at Melbourne Museum
Priscilla Gaff
Program Coordinator-Life Science, Museum Victoria

I'd like to thank you very much for inviting me to come and speak. This is my first time in Japan and
I'm absolutely thrilled to be here. My name is Priscilla Gaff. | work as a program coordinator in life
science at Museum Victoria. For the past few years I've been particularly working with the exhibition
teams redeveloping four of our science exhibitions, so I'm going to be talking to you today about
those exhibitions and about the way that we frame our intended learning outcomes for those
exhibitions and how we link those intended learning outcomes to our education programs and the
framework for those, and then the evaluation around those.

So in particular I'm focusing on two case studies for school programming: one for young children; one,
which is brand new, for teenagers. And another, then I'm going to talk a little bit about some of the
ways that we program for adult audiences, particularly those who don't normally come to museums.

So | work for Museum Victoria, which is in Melbourne, and we are funded by the state government,
and we are also recognized as a significant place for learning and life-long learning. We also receive
significant funding from the Department of Education. And Museum Victoria is sort of the
overarching organization and we have three museums that sit under this organization. We have
Melbourne Museum, which is the organization where I've been working and I'm going to be talking
mostly about. We also have Scienceworks Museum, which is an interactive science and technology
museum, and we also have an Immigration Museum.

So Melbourne Museum itself, it's in this beautiful, modern, brand-new building, which is ten years old.
We just recently had our tenth birthday. But as an institution it dates back to 1854, so it's quite an old
institution that's had a long history of research and collection. We have some 16 million objects in our
collection, though 40,000 of those objects are native, one species of native bee, so it's not always lots
of different things. We are involved with science but also with history and indigenous cultures. But in
the past two years, from 2009 to 2010, we've opened four new science exhibitions.

Our exhibitions, the way that we produce them, everything is very interconnected, so our exhibitions
are very connected with the research because we have a large team of active science researchers in
fields like paleontology, geology, marine science, as well as the history and indigenous cultures. We
also have a large collection, which | mentioned, and our exhibitions are also very highly linked to the
way that we program, so everything is very interconnected.

So one very exciting thing for me in terms of the way that we've been able to redevelop our science
exhibitions is sort of two things. We've been able to bring in a lot of current science. One of the
problems I think science museums face is that we have these exhibitions that are up for, in our case,
ten years, and in that time the science can change so rapidly and what you put up ten years ago could
be completely different to the way it's presented now. So it's been a fantastic opportunity to bring out a
lot of contemporary issues in science, particularly in issues around climate change and our sort of
relationship with nature.



Another thing that it has enabled is to change the way that we display our exhibitions, to think about
our visitors and the way that they learn, so there's a lot more emphasis on the learner and the ways that
we can sort of interpret things for the learner.

So in this dinosaur exhibition you are able to walk under the dinosaurs, over the top of the dinosaurs,
all around them. We also have these new dinosaur viewers where you can look through and then you
see a picture of the skeleton but then it morphs into sort of it has the flesh that builds up over the
animal, and then eventually the live animal, and we have a lot more sort of timeline interactives,
whereas the previous exhibition was a lot more passive in the way that people could interact with it.

Our second exhibition to open was one about animals and it's called "Wild: Amazing animals in a
changing world." So we have over 700 animals on display. We have one component that deals very
much with worldwide biodiversity, and every single animal in there is listed according to their status
of the Red List, which talks about whether they're endangered or secure or in some cases some of the
animals that we have extinct. All of this has been displayed electronically so that there are
opportunities for us to update that on a regular basis. And there's also a section that talks more about
some environments in Victoria.

Just earlier this year we opened an exhibition called "600 million years: Victoria evolves" and it looks
at life evolving on planet Earth, so starting from multi-cellular life forms around 600 million years
ago, which Australia is quite famous for Ediacaran fossil site, and there are new ways of interpreting
that, including these new animatronic dinosaurs, which look incredibly life-like, which we're quite
proud of.

And our final of the four is Dynamic Earth, which talks about the history of the planet Earth but also
is an opportunity to bring out our geological specimens, and again, we've had not quite as, it's not the
360 degrees of the theater that you have here, but we have a brand new sort of virtual reality room that
people can go into and learn more about volcanoes.

So in all of these exhibitions there's also, we've brought out our scientists a lot more so that people are
not just seeing rocks or dinosaurs but they're also seeing the scientists who study them and they are
talking about that in their exhibitions.

So in the past | think some of our exhibitions were more focused on what knowledge people could
walk away with and just more on the content, but we've really moved to a more holistic approach
towards the way that we sort of plan for people to learn and what we plan for them to learn from this
exhibition. And we always call it intended learning outcomes because you can never really guarantee
what someone has walked in with and what they already understand and think, and then what they're
going to walk away with, so we always refer to it as intended.

So now we very specifically plan for how they're going to enjoy the exhibition and how it's going to
affect them on an emotional level, and what kind of attitudes we might want them to develop, which |
guess is particularly important around climate change and species loss, and particularly in Australia
we have huge debates about whether climate change is actually occurring or not and it's having a
massive impact on the political situation.

We also plan for what sort of skill-based progression people might have. And we also, when we think



about the way that we plan for people to learn, we don't just have, we have our onsite experiences, so
our exhibitions and our programs onsite, but I'm also going to talk a little bit about some of our offsite
experiences and some of our online. So those are sort of the ways that we run our various experiences
for people.

So this is my first case study around the Dinosaur Walk exhibition. So I mentioned before that we no
longer just think about the cognitive or the knowledge that we want people to walk away with but we
also think about what sort of affects. So for the Dinosaur Walk it was things about awe and
amazement about the animals from the past and being able to interpret data for themselves.

So these are our intended learning outcomes for the exhibition, but for the school program we also
have learning outcomes which link very much the exhibition outcomes, but they also are very much
linked to the Department of Education curriculum objectives for these students, so in particular, things
like working in teams is very much something that they want to foster in schools. Of course we have
fun, which is very important because we believe that children learn more when they're having fun and
they're engaged, as well as some more specific things around sort of their cognitive understanding.

So the program that | evaluated is one that's a 30-minute program. It's interactive, problem-solving, it
involves teamwork and fun. It's for children aged four to eight years old. And we sought feedback
from the children about their experience and what they thought of their experiences in the program
and we received 250 responses.

So this gives you a bit of a snapshot of what goes on in our program. We have high-quality materials
that we let the children look at and interpret and we sort of help them with their interpretation. We get
them to work in teams to look at real fossils and discuss that with each other and so they can really be
up close with it, and we also get them to act out so they are physically involved in thinking about, in
this case, dinosaurs and how dinosaurs walked and how that's linked to their success.

Then what we do is we gave the teachers a packet of this evaluation so it's framed in a way that's
incredibly familiar to school groups in Australia. We have set what we called sentence stems so the
children can follow on and answer that, and all of these are linked back to our intended learning
outcomes so we can really get a sense of what the children are really taking away, because often we
find museum programs will have 30 kids come into the room and then they go and we have no idea
what actually happened in their brain. And then we have another 30 kids and they go. So it's important
for us to understand what they took away.

So this first one is talking about their progression of learning, so one of our aims is that after they
attend the program they are actually able to go out into a dinosaur exhibition and able to interpret the
skeletons for themselves so that they can sort of determine what the animal's diet was. And in this case
we asked them to identify what they thought these two dinosaurs ate. And 98 percent of the children
were able to get it correct, and this is the children aged four to eight years old, so we feel quite
confident that they sort of gained that new skill and were able to apply it elsewhere.

This slide is talking about what facts or information did they gain from their experience, and so we
just asked the children, "One thing | learned in the dinosaur lesson was" and we asked them, so they
responded with their various answers, and again, we found 98 percent of the student responses
indicated that they were able to tell us something that they learned that directly linked back to the



sorts of things that we were talking about in the program. So this one is "dinosaurs lay eggs," "that
pterandon was not a dinosaur. It was a reptile," "that some dinosaurs have feathers," "that you can tell
a herbivore or a carnivore from its teeth."

We also wanted to ask them one thing they liked to see if they could, if they had fun, and almost all of
them were able to tell us one thing that they all liked, and mostly they are interested in looking at the
fossils and hands-on, although they're looking at the fossils is when they're in that picture when there
was a group of them, and that's really when they're all doing stuff; it's not them sitting there listening
to me.

We also wanted to sort of think about the active behavior and their progression, so something that they
can now tell or determine when they see a dinosaur skeleton, and again, 98 percent of the children
were able to articulate something that they could now tell as a result of the lesson. So this one is "if it
is a herbivore or a carnivore,” which is a very strong message in our program, although one child
wrote, "I can tell my mum,” which we felt was very cute.

We also wanted to know if the students had new questions and if this program was able to sort of help
them think about further questions, and again, 94 percent of the students had new questions.

But we also do realize that the programs are not disconnected from the exhibition experience, that
they are, we really had to work quite hard at the way that we framed these questions. The first
evaluation form we developed we didn't target it so specifically to the lesson and so the children
actually sort of were back and forth between writing about the museum exhibition versus writing
about the program, and so they just see their whole experience as one integrated day. And just sort of
giving you an example: this is one student who has drawn a little picture of one of those dinosaur
viewers, so yes.

We also ask the teachers what they valued about the program and most of them valued the hands-on
and interactive element, because I think that's something that we're able to do as museums is provide a
very unigue experience that these primary teachers can't possibly provide and so that's one of the
things that we're able to do.

And we also asked the teachers and parents about what they thought the students learned as well, so
again, linking back to all our intended learning outcomes, and we feel like it's very challenging to
measure “"what do the children actually learn?", but this was the way that we attempted and we see
that they are sort of taking quite highly the things that we intended for the students to learn.

So that was the case study for the younger children, but now this is just a brand new program that I've
been working on for teenagers. So | don't know what Japanese teenagers are like, but Australian
teenagers are very, very disengaged with science. They traditionally come to museums and run around
and the teachers are like tearing their hair out trying to get them to have a good time, and sometimes
they want to give them worksheets where they just have to fill in the answers and it's what we refer to
as more like rote learning rather than developing a deep appreciation and a more sort of, you know,
more... They're not really learning because they want to learn and that they are personally motivated.
They are sort of learning because the teacher's got a whip over them and yelling at them, which is not
the experience that we want to foster for science in our museums.



So, again, this exhibition has split up the way that they talk about how we want people to learn, so
learning about Victorian flora and fauna has changed over time, that they have a sense of awe and
amazement about past life and a sense of ongoing change, and being able to draw conclusions from
the fossil evidence. Again, the schools learning outcomes are very much linked so it's all, so that when
we're developing an exhibition we're very much thinking about our schools programs and our visitor
programs but also how it all links to the school curriculum as well, but we definitely have some more
very targeted school ones like working in teams and also thinking about the work of paleontologists
because at the teenage level they want to bring in more talking about Australian scientists and the
impact of scientists so they are | guess thinking about careers in science.

So this program has a little bit of a James Bond feel to it and it specifically targeted 13- to
16-year-olds, and it's called "600 million years in 60 seconds.” So the idea is that the students work in
teams and they develop a clip or a video clip, a 60-second video clip about one area of the exhibition
that relates to evolution, but then as a whole class they bring all those clips together and then as a
whole class they have then a documentary about past life in Victoria and the world, and then the
students are actually able to teach each other, so it's not just, you know, it's quite a sort of a deeper
engagement.

And when we put them in teams we also give them very specific jobs, such as the director and the
camera person or the presenter. And we give the teacher the role of the executive producer. So
sometimes we find the teachers are a little unsure of their role in the experience, and this, because they
see us as the person running the program that this sort of gives the teacher a sense of they have an
ownership as well of the whole program being participants.

So we'll have ten groups and each group gets their own kit and each group gets a mission and they get
a different mission sort of relating to a different theme of evolution in a different time in the exhibition.
Each group gets these little Flip cameras. | have one here if you want to see. And they have a
stopwatch so they have only 25 minutes in the exhibition to make their clip. So it's really fast but they
love this. In some of the feedback they told me that the teenagers, they think it's too short but they
also love the rush of having to produce something really fast. And they also have an object as well, so
this one is a part of a jaw of a giant marsupial that lived in Victoria.

They also get, each team gets a filming location, so they get a site within the exhibition, and they get a
movie storyboard to help sort of script out their story.

So these are a couple of clips from some of the trial groups that I've run. This is an all-girls' group and
I'm going to need to hold this.

[video clip plays]

Did you know that birds evolved from dinosaurs? Birds evolved from a group of small carnivorous
dinosaurs. Archaeopteryx has both dinosaur and bird features.

This is what the Archaeopteryx looked like when it was alive.
This is a lizard skeleton and this is a bird skeleton. The Archaeopteryx has a jaw and teeth like a

lizard. It also has a long, bony tail like a lizard, and crawls like a lizard. It has long arms and legs just
like a bird and a long feathery tail and feathery wings just like a bird.



As you can see the Archaeopteryx is very similar to both the lizard and the bird. Ack, ack, ack.
[video clip ends]

[laughs] So you can see, in that one they, very, these teenagers had a really short amount of time and
they really effectively used the exhibition, they used the text, they used the models, they used the
fossils to tell the story of one component of evolution.

This is a group of boys and they start off singing a song. Have a look.
[video clip plays]

Fish, fish, fish, fish, fish in the water

Fish, fish, fish, fish, the fish are in the water.
The fish are in the water swimming.

What are they doing in the water?

They're swimming in the water because they're fish.
Oh, I see.

Fish.

Look, another fish.

Fish is in the water.

Another fish.

What's that one doing?

That one's going onto the land.

It might get out for a bit.

Oh, look, another one on the land!

It's fish on the land.

Fish on the land!

Hello, everyone. Today we're going to talk about how fish moved from the water and then they came
up onto the land.

Hi again, have a look at this. This is called a Eusthenopteron and it is the first stage of fish moving
onto the land. Now this fish had very strong fins so it sort of started fish moving to the land.

Now this fish here is called a Tiktaalik, and it's sometimes called a fishapod, and that was between the
Eusthenopteron and the tetrapod, which eventually goes on the land, and this had much stronger fins
and it was suggested that they were used to prop the animal's body under water. Isn't that incredible?
Now, this one is called Pederpes, and Pederpes was a more advanced early tetrapod. Its jointed legs
had toes pointing forward so it could walk more effectively on land. Its hearing was better suited to
underwater environments but it probably spent a lot of time in water and may have even hunted there.

So that's how the fish moved onto the land.

But how do we know that this is all true? We're just like crazy people. No, look at this! This is a fossil



and it's really real, and these, see, these are fingers; they're not fins, they're fingers.
So that's how the fish moved onto the land. And that is the end of the video.
[video clip ends]

So again, that was another sort of group of students who | felt really effectively used our exhibition
and took charge of their own learning. This was my emergency slide in case those clips didn't work,
just to talk about it, and you've seen those ones.

So after they've made this clip we give the students, we edit the clips quickly. So they were actually,
that's what the students edited, that was a one-hour program they were able to do all of that. And then
they take those clips back to school and they can continue working on them back at school and we
have sort of website support as well. And our future plans for this program is that we can create an
online space where the students could upload it for themselves and eventually perhaps even have peer
reviews that the students review each other and potentially scientist science reviews, and then show
their clips in the museum, which would be really exciting.

So we asked them questions relating to how they found the program and what kinds of things that they
felt that they learned, and what they talk about is not they learned about the digital technology, but
they really talk a lot about the content, and some of the things that | was thrilled from these trials is
that they talk about things like "It allows you to get a full understanding of a concept instead of
learning little bits about each.” So they really feel like they're really developing their understanding in
a lot more concrete way.

In terms of new skills, they talk about having more confidence after presenting, so for some of them
this is very challenging. Creating a video, they talk about this is something that they've never done,
which for some students that's not true at all; some students create a lot. And some of them talk about
working in a team, and particularly in Australia we're very much about fostering people working in
teams and developing those skills, and this last one says, "I learnt about how to work in a team, and
that you need to speak up,” which I work in a very extroverted team and that is certainly important
where | work at Melbourne Museum.

And we also ask them about, Did they have fun?, which again, Australia teenagers are very honest if
they don't like your program and will happily tell you they thought it was boring. But we didn't have
one single child tell us that it was boring at all, which | was again very thrilled because | had some
very, very honest teenagers. They talk about it being fun because the program actually gave all the
responsibility to them and for them to take charge of their learning. They also talked, some of them
talked about it being a competition, although | never said it was a competition, but for some of the
students, this really, really motivated them, and they also wanted to all put it on YouTube, which is not
surprising.

Some of them talked about they loved working with other people and that they found that really fun.
They also, this third one down says, "l enjoyed the program, because even though it was about science
it was turned into something fun," which | was particularly happy to read that comment. And the last
one is | guess sort of the main thing that we aimed for the program to do for our teenagers, "I felt the
format helped me to learn as it was more interactive than just walking around an exhibition and



therefore we were more engaged and ready to learn,” which we were particularly pleased about
because we feel like this sort of style of pedagogy is really targeted well to these teenagers and where
they're at and the way that they want to learn.

So I'm going to talk a little bit about a couple of adult programs. We have more but these are two that |
thought you might find very interesting. In Melbourne we have a large international comedy festival
each year and we attract comedians from all around the world and we have a month-long festival and
it's really huge, and a lot of young people attend these comedy nights, and it's very, you know, we
have TV programs about it as well.

So we have partnered with the Melbourne International Comedy Festival and we run comedy shows
within our science galleries at night. So the one that we ran last year, we had three comedians, who, so
we would have 90 people come into the museum and they would sort of follow a different comedian,
so it wasn't, it certainly wasn't a traditional talk about our exhibits but these comedians met with the
museum staff beforehand and worked on their kind of talk and drew out things to do with science but
also very funny aspects like about the way eels would behave, some of the deep-sea hagfish behave if
you take them out of water and all the slime that they eject. And this way of programming really
attracted a new audience for us. And so last year we had | think 500 participants and it was sold out
every night. And these are people who wouldn't normally come because a lot of our visitors to the
Melbourne Museum are either schoolchildren or they are families, either grandma or grandpa or
parents with their children, or international visitors. We don't tend to get sort of adults coming by
themselves to our science exhibitions. Perhaps to add, we have exhibitions about design and they
might come to that, but not necessarily science.

We also run another adult education program that is very specifically targeted to people who don't
visit, and that's either because people from low socio-economic groups or new migrants. So where the
Melbourne Museum is located, only ten minutes away there is a big sort of government housing that
has hundreds or thousands of people who live there who despite living a short walk away will never
visit, and despite having children and despite that it is free for them to visit, they won't come. So this
program is called Science Morning Teas and it specifically sort of targets people who could
potentially become visitors but then potentially become advocates to other people within their
community to come to the center.

So it's not, it's not a huge program in terms of targeting large humbers but we actually target a small
number of people, so sort of making it feel like you're just having a morning tea with people. And
we'll team them up with one of our very friendly staff. So here is John, here, whom | work with, or
Laura here, and they will have one sort of familiar face that they develop a relationship with. And that
person sort of helps to sort of bring them into the museum and have morning tea with them and run
science programs. So in this one, they are learning about butterflies and insects. We have a very active
research group in entomology and also a very, very popular bugs exhibition too.

So in particular, this is sort of one of the women who is getting a ticket, so part of the process is
actually taking these people to the ticketing desk to show them their card so that they can get free
entry. And something that perhaps for us is not something that's unfamiliar, but for some people
coming from other countries, seeing somebody in uniform can actually be something that they're
terrified of. So there's a story of one woman sort of shaking as she approached the person in uniform.
But then it sort of helps to make them feel more comfortable, and we also give them free tickets that



we can track whether they come back, and we find that they do come back, although they don't need
free tickets because they can get in free.

And this program was actually rolled out to all the other museums in Australia, so there was some
funding for our museum to go to the other museums throughout Australia and train them in doing this,
and they are doing it as well.

So offsite adult programming. This is one that happens during National Science Week and it's called
Market of the Mind, so this is a crocheted brain here, which crochet has become an arts and craft very,
very popular among sort of 20-year-olds in Australia now, it's like the new hip thing. And during
National Science Week they ran this year a Market of the Mind in the middle of the city in a very
popular sort of shopping and drinking area. So rather than having this science festival happening at
our center where they wouldn't necessarily come, and in fact somebody told me that the Melbourne
Museum has the longest distance from our entry to the street compared to any museum in the world
except the Taj Mahal, so it's a barrier for people to come, strangely enough.

So this night was not just run by Melbourne Museum but they also partnered with CSIRO, which is
sort of a major scientific research organization in Australia, as well as Melbourne University. It was a
very informal science night where they had speed dating with scientists. So we had scientists from all
those venues who you could sort of sit down and have a glass of wine with and talk to them.

We also had very informal and fun different exhibitions that all relate to the mind which then relate
back to ourselves, which, you know, people love talking about themselves and at coming from, sort of
where they're coming from. So | think this was | think very attractive to young people to participate.

This program, some of you may know this face. This is Bernard Caleo, who received a scholarship to
come to Japan and participate in science and theater. This was a program that was rolled out to
regional Victoria, so rather than, you know, we have a lot of activities happening in Melbourne, but
Museum Victoria is a very large place and this was traveled for three weeks. And he did a
performance around William Blandowski, the first director of the Melbourne Museum, and it was
about "The art of scientific observation,” and he was a Dutch man and he did this whole performance
in character. And these events were, they were partnered with the Department of Sustainability to
bring in some of their scientists, and they were held at art galleries all across the state, so it was
incredibly successful at bringing people in.

We also are involved in a lot of online science programs, so these are just a couple. This is one that
involves Web2 technology, and we got, it's called Biodiversity Snapshots, and we got 250,000 from
the Department of Education to develop this, as well as we received a further 250,000 from Climate
Watch. And what this is is a citizen science online program, so it's very specific to Victoria and what's
going on for biodiversity in Victoria. And you can download this application to your iPhone or your
iPad or your laptop, and you can log yourself in and you can identify using the tools that this sort of
walks you through, you can identify animals in your area. And because, if you are on iPhone or on
iPad, it will locate you in terms of your GPS, so it will just download the species that are known for
that particular area. So it's quite specific. And then when you log in and you make an observation of a
species, that is then uploaded back up to Climate Watch and the Living Atlas of Australia. So its
people are really participating in making observations about animals and that is having in impact in
sort of how we understand the biodiversity in Victoria.



So at this stage it doesn't include plants but it includes mammals, birds, reptiles, frogs, and insects,
and we have 279 listed, but we're about to go to 265, so there's sort of so much more to build on and
it's quite a new thing for us to be involved in. And you can see that if you were to click on, sort of go
through to click on birds, these might be some of the animals that you would pull up, and then you can
click over here to document your observation. And this is more looking at what it might look like if
you see a species. So it will give you a picture of the animal as well as sort of some regions we might
see in Victoria, as well as sort of deeper information as well.

And this is just a little bit about Wild. So that exhibition that | talked about, all our new science
exhibitions have a web presence as well. For the International Year of Biodiversity we produced this
online game and we received funding from the Department of Sustainability. So the idea with this
game was to develop messages around the importance of biodiversity in Victoria and what changes
you can make to the environment to make that environment better, and in the end you can earn your
Ranger badges, just like Jesse, who is actually one of our staff members.

So what are the lessons learned? | think that none of these programs can happen, or happen
successfully, without the teams and the partnerships that we work in, so particularly Museum Victoria
we have 500 staff and we work heavily with all these different areas within the museum. | sort of
often describe my job as a negotiator to get these science programs happening. We work heavily with
the exhibition team in terms of thinking about how this scientific information is put in there and the
best way for our visitors. We work heavily with our science staff to make sure that our information in
our programs, online, exhibitions are up to date. We work with our preparators, the design team, we
have museum photographers, online team, our evaluation team, and of course our public programs
team.

We also rely heavily on our external partnerships, particularly for money, as I'm sure that you do too.
The Victoria government, we rely heavily on these partnerships for financial reasons, but also we rely
on other institutions such as CSIRO, the universities, and other sort of science organizations in terms
of making sure that all our science is up to date and that we're really connected with the scientific
community, not just sort of isolated with a whole lot of stuffed animals, that it's very much integrated.

So some of the overarching strategies in terms of approaches for scientific literacy would be to: keep
up to date with current approaches to learning; maintain a broad approach to learning outcomes rather
than just focusing on the content to sort of think about all the ways in which we learn; to really
understand your audience, your actual or potential, so in the case of those families that | was showing,
they are your potential audience that you really need to know how to target them; identify and deal
with the barriers to participation, so really think, like with the teenagers, thinking about what's
stopping them from really participating and how you can really target them to get them to participate
and enjoy their participation; and | think just as you were saying, treat education and general
audiences just as one long continuum not just sort of these segments, that we will just do a little bit
here and here, that the whole spectrum is important. And that, that is the end of my talk. Thank you
very much.
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(Gaff) 1 think that this is something that there's a bigger research project at the institution that I'm
working at to deal with looking at the how the museum can contribute to the society's understanding
of climate change and the issues around it. At the moment there are sort of components of it that throw
out some of the assumptions but not one exhibition specifically targeting it. I know that Marco has a
very good example of an institution in the United States he was talking about; maybe he can talk to
you a little bit more about what that institution is doing in particular to look at climate change that's
quite highly targeted. Yes.

(Q2) I have a quick question for you. You mentioned about intended learning outcomes and you
mentioned about three layers, one is affective and the other one is cognitive and skill-based. My
question is, how do you measure the... You mentioned about skill-based and progressions, how do
you measure the skills. | mean, there are many cases with different skills. What's your measuring?

(Gaff)  Well, in the instance of the dinosaur program, there is probably a faster way for me to do
this. This is one here is sort of one of the ways we measured the skill in terms of we wanted them to
develop the skill of interpreting the specimens for themselves, so | guess our intention in this question
here is for them to look at those images and interpret them for themselves, and in that way if they are
able to answer it correctly then they have developed that skill of being able to look at something and
interpret it for themselves. So in that particular instance, | guess that's the way we measure it.
Although, we have very deep conversations about when we're doing this, I mean, we're asking the
students these questions, actually, we know that a lot of the students are already walking in with a lot
of information and a lot of prior knowledge, so I think that's another challenge. What do they already
know before they came here, and possibly some of the children could already determine some of the
things that we're asking them to do, but for some of them it might be new.

So | guess how we tackled this evaluation is that we really thought sort of quite hard about how each
of these sentence stems linked directly back to all of these points here, so we really asked very much
sort of, that's the best way that we could do it in that one.

The one for the 600 million years, | suppose for that one we have only just started. I've only run that
with three trial schools, and so part of what we wanted to assess was did the program work in the first
instance, and then sort of our next thing to do for that program is to really develop a questionnaire
sheet for the students or some kind of evaluation where we really learn more about how well we've
achieved our intended learning outcomes for that program. Yes.

(Q3)  Hello. I have been working in science museums for a long time. Thank you very much for
sharing with us some very creative programs. | was wondering, and | know it's a difficult thing, but in
terms of follow-up studies, particularly with the pre-schools, have you been able to maybe ascertain
some impacts, perhaps through the teachers and the classrooms that you feel that you might be able to
connect with their activities at the museum?

(Gaff) 1 think that's probably part 2 of our evaluation. Yes. | think, I've been working at the
museum for three-and-a-half years, and when | first arrived, before that | was working at a science
center at a university, and sort of when | first started at the museum, | mean they were doing a lot of
evaluations of exhibitions, but in terms of some of the school education programs, the way that they



would report to the Department of Education was they would just report numbers. And now the
Department of Education wants evidence of learning and they want evidence of teacher change, and
even we get asked for how we can impact on the entire school culture as part of the way.

So this program, no, but I think that's something that I'd like to do further on. We do have another
program called Science at Work, which is a lot more in-depth program targeting specific schools. And
I know that through that program one of my colleagues has been working on, he gets the teachers to
do video journals and talk about their experiences, so he gives them the Flip cameras and they've, in
that program some of the teachers say quite amazing things about how they've developed as teachers
and how they can sort of take all that information and understanding and development further in their
teaching. But we haven't been doing that with this one yet. But yes, | think it is part 2.
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DINOSAUR WALK

Dinosaur Walk
Intended learning outcomes:

Exhibition: School program:
«» Cognitive «s« Knowledge & understanding
Skeletal structures Know that many things can be a
provide information fossil
about an animal’s X
behaviour = Skills
i Work in teams
-« Affective ]
Awe/amazement about - Attitudes & values
animals from the past Have an appreciation for fossils
«s Skill-based «s Enjoyment & creativity
Interpreting data Have fun

«s Active behaviour &
progression
Be able to use the features of a
dinosaur to be able to work out what
it ate, how it walked.




4 to 8 year old student program

»¢ 30 minute program

s Interactive, problem solving,
team work and fun!

«s Student feedback sought

What did each of thess dincsaurs eat? Was it meat or plants?

” #

«+ 250 individual responses b o
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Student evaluation AN Progression of learning and skill
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«» 98% of students could articulate a new idea.

#° When | see a dinosaur skeleton, | can tell ‘L? d; iﬁ a WW ol
a CoMIWTHe.

s 94% of students had new questions.

M, e DINOSAURWALK

Student Evaluation Date: \n/§/0% Grade: 376 T

What's your answer’
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.« Hands on & interactive... 48%
e That fossils tell us different things about how dinosaurs lived... 80%
.« Engagement & fun... 25% , , 9° , ?
-« How amazing and important fossils are to science 40%
se Information & educational... 24% .« How to work in teams like scientists to investigate fossils... 37%
.s The presenter... 24% .« How to look at the features of dinosaur teeth to determine its diet... ~ 26%

Case study two

Exhibition:

=« Cognitive
Victorian flora and
fauna have changed
over time

= Affective
Awe/amazement about
past life, and sense of
ongoing change

«s Skill-based
Drawing conclusions
from the fossil evidence

School program:

«« Knowledge & understanding

Understand that evolution has been

happening over millions of years, and
that the fossil provides evidence.

«s Skills
Work in teams

«s Attitudes & values

Have an appreciation for the work of
palaeontologists

«« Enjoyment & creativity
Have fun and be creative

«s Active behaviour &
progression
Be able to more curious about
evolution.




s Students edit clips at school and continue their
research.

s The class can mash their clips together to
make a whole documentary, and hence the
students become the teachers.

Future plans:

.e TO Create an online space where students can
upload their clips to the museum’s website.

.o “It allows you to get a full understand of a concept
instead of learning little bits about each”.

- “I learnt about how organisms evolved over many
generations”.

-« “The evolution between fish and tetrapods and the
amount of time it took”.

e “That dinosaurs existed in Victoria, and we know
by looking at fossils”.




. ‘| have more confidence after presenting”

-« “Creating a video. | have never done something
like that before. It was cool how we were able to
put it all together on the computer”.

e ‘| learnt about how to work in a team, and that you
need to speak up”.

= “Fun, because it gave us a big responsibility”
s ‘| LOVED IT! Working with other people was fun!”

. “l enjoyed the program, because even though it
was about science it was turned into something
fun”.

s "I felt the format helped me to learn as it was more
interactive than just walking around an exhibition
and therefore we were more engaged and ready to
learn”.

«e Part of the Melbourne
International Comedy
Festival

- Attracts an adult
audience

s Participants tour
science galleries with 3
well known comedians

»s designed to break down
barriers

s actively engage parents
and carers who would
otherwise not visit a
museum

se SUPpPOTrts adults with
their children to visit
museums
independantly




+¢ Partnered with CSIRO
and Melbourne
University

s In a city venue — on a
Friday night

«» Informal event; wine
provided; speed dating
scientists

«« 15 to 35 year olds to
socialise with science

«e Regional Tour 2010
Partnership program:

=« Department of Sustainability
and Environment

«» National Science Week;
Department of Innovation,
Industry, Science and
Research

s The Council of Australasian
Museum Directors

.« Regional art galleries

279 Victorian species
included:
* Mammals
* Birds
* Reptiles
* Frogs
* Insects
Content written by project
author and curators

Images sourced from local
photographers

biodiversitysnapshots.net.au




e Exhibition Team

«s Science staff

«e Preparators

»s Museum Design Team

«e Museum photographers
e Online team

-e Museum evaluations team
s Public Programs team

«s Victorian Government

s Department of Education and Early Childhood

- Department of Sustainability and Environment

«s Department of Innovation, Industry, Science and Research
«s CSIRO

e Universities

«s Schools

—Keep up to date with current approaches to learning
—Maintain a broad approach to learning outcomes
—Know the audience, actual and potential

—ldentify and deal with barriers to participation

—Treat education and general audiences as a continuum
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Speech 2

W 2
Enhancing student scientific research capabilities
through teacher professional development and connected student programs
Marco Molinaro
Chief Education Officer,
NSF Center for Biophotonics Science & Technology at University of California, Davis

Thank you very much. Sorry for the very long title. | wanted to first thank my gracious host, Dr.
Ogawa, for this wonderful opportunity. I'm very excited to be here in Japan here for the second time. |
am from the Center for Biophotonics Science & Technology, which is a research center that is based
at the University of California at Davis, and we are funded, fortunately, by the National Science
Foundation to conduct research on biophotonics and also develop human resources in biophotonics. |
have the good fortune of heading the education program where we create materials for students from
kindergarten all the way to graduate students, as well as teachers.

| also want to acknowledge that we also receive funding from the SEPA program of the National
Institutes of Health, so we are very fortunate to have funding from both of the major agencies in the
United States.

And just to give you a little bit of background. | was trained as a biophysical chemist at University of
California, Berkeley, and started doing educational work back in 1995 with the university to
restructure the undergraduate curriculum in chemistry, and then moved on to working in a science
museum, the Lawrence Hall of Science, based at UC Berkeley. After the Lawrence Hall of Science |
moved on to work with the Center for Biophotonics. So I've had my feet in both worlds, the world of
the science museum and the world of the research center.

Today | would like to talk to you about the importance of scientific inquiry in developing research
capabilities in students and teachers. I will then share with you some of our teacher professional
development approaches, including our summer research academies, our curriculum development that
we do with teachers, and our latest ideas in teacher/student teams for scientific inquiry. I will then tell
you a little bit about how we approach schools and school districts, how we interact with these entities,
and overall lessons learned.

So first of all, why is it important to engage teachers and students in research? These are some of my
opinions, which | have heard in many of the talks given today before me.

Science and technology are an increasingly important part of our lives. We all seem to agree with that.
Research is critical to science and technology process, progress — and process.

We need to expand our research capabilities both in the teachers and students. They do not receive
much training in research and in conducting research and have little exposure to recent and

cutting-edge research.

In our schools, as well as I see in many other parts of the world, schools focus on science basics not



the current or the cutting-edge research.

And we feel as a society that we need creative, capable, interdisciplinary thinkers and researchers to
help us solve current problems like climate change, energy, and many, many of the problems that
we're faced with today.

It is our belief that research experiences can help motivate participants to deepen their understanding
of science and cutting-edge science while they also solve real problems. And this is why we think that
it's important to bring both students and teachers in research.

So why do we focus on teacher professional development?

Teachers are the primary conduit to science literacy for students. If you think about the amount of
time that teachers spend with students, if you think about the range of topics in science that teachers
present to students, and if you think about the sheer number of students a high school teacher or a
science high school teacher in the United States will see - approximately 150 to 180 students per day
to talk to them about science and train them in science, so it's a high exposure factor when you train
the teachers.

We want teachers to stay engaged in and excited about science so we give them professional
development, we engage them in professional development, so that they can update their knowledge
and renew their excitement in the field of science and research.

We also think that through teacher professional development we have an opportunity to change the
way that science is taught and the approach to science literacy.

And we have found that teacher networks are a very powerful resource for changing approaches to
how science is taught.

Something | just want to make sure you understand, in the U.S. we have seen an increasingly alarming
trend in which teachers have been neglected; science teachers and almost all teachers do not receive
much attention. What is happening is teachers are viewed as someone that can be remote-controlled.
They can be given a manual that tells them how to teach and they will follow it. Very alarming, in
middle schools, some of the middle schools that we work in, the teachers are literally given a manual
and it says on day 15 you shall have written these five words on the wall, you shall have explained
them, and there is actually a police, although it's not called a police, there's a curriculum resource
specialist that walks around and checks: okay, let's see, it's the middle of the class, have they written
the five words? Okay.

So teachers are being made into technicians with very little opportunity to express their own interests
and excitement about science. We are trying to counteract this trend at the middle school and high
school levels.

So how do we find our teachers, because not all teachers are interested in learning new things. We try
to get them excited and get them involved. So we give workshops, seminars. We do this locally, at the
state level, and at national meetings. We also give public presentations where we have lots of
demonstrations.



And you'll see here an image; this is from the first USA Science and Engineering Festival that
happened about a month ago in Washington, D.C. That is another place where we recruit teachers
because they are also parents who bring their kids to science activities and demonstrations, and we do
some recruiting at those places.

And of course we have advertisements that we send out to all the different schools. We mail to their
science, math, and technology departments. And through these three different means we find teachers
that are willing to engage with us further. They learn a little bit about biophotonics and now they want
to know more and they want to think about current science.

So we have three different approaches, primary approaches. And | just want to point out, here, when
you see a T it's a classroom teacher, an E is an educator, an R is a research scientist, and this is the
symbol I'm showing for student.

So in our summer program we have Teacher Research Academies. It's a four-level academy, and what
we do in this academy is we have a research scientist paired with an educator, one or two educators,
and they interact with teachers who then interact with students.

Now we can create an academy where two people or three people here will interact with up to ten to
15 teachers and have a multistep program, and of course each teacher has an impact on very many
students. So low resources here, potentially high impact.

We have another program, another approach, where we develop modules and courses, and this
happens all year long, and in this situation we have the research scientist, the educator, and sometimes
we have more than one educator, and a classroom teacher working together to develop the material.
We write the curriculum together, and then that teacher has the opportunity to impact a certain number
of students.

In this model, as you can see the way it's outlined, if you need to impact more than one teacher, you
need to have this whole thing happen again, so it's resource-intensive, but you develop a whole course
which may last one semester or a whole year.

And in our third model we have teacher/student teams for research. This happens during the school
year, and what we do here is a little bit revolutionary. It can raise some concerns at times. What we do
is we take the research scientist, the educator, the teacher, and the students, and we do the professional
development all together. So in this scenario we have teacher/student teams, usually about four to six,
teacher/student teams that work with the research scientist and the educator at the same time.

So these are our three models and I'll be explaining a little bit more in detail about each one of these.

First 1 will tell you about our teacher research academies. The basic structure of these academies is a
three-day introduction. This involves laboratory tours, scientist presentations, simple experiments, and
connections to research, how the biophotonics technologies are used in research and how they connect
to applications.

In Level Il, it's very much hands-on. You do a lot of activities yourself. There are more activities,
deeper scientist presentations, and you have two days to develop your own activities or lessons that
you, as a teacher, will bring to your classroom.



In our Level 111, it's a five-day training in the nature of science, strategies, methods, technical writing.

And then Level 1V is the last level that we have in this model, and here you do active research. The
teacher is actually in a research laboratory conducting research with the researchers. And part of what
they have to do is develop a research poster that presents their research, but they also have to create
lesson plans.

All of these programs are free to the teachers. Level 1V actually pays them a $4,000 stipend to
participate because in the United States teachers in the summer often get extra work and so this is to
compensate them for the time that they spend in the laboratory.

To give you an example of our agenda for Level 11, just to show you how it's divided, here are our five
days and the times, and we have some talks and tours. So research talks, and what we do in our
research talks, | give initial ones then we have graduate students give research talks. We also have
research scientists give research talks, and we have a post-doctoral student give a research talk. All of
these different things are happening at once. We have hands-on activities, so what you see highlighted
here are the various hands-on activities that vary from working with instrumentation to working with
programs for manipulating images, to investigating fluorescence in plants. So there is active hands-on
work that they do.

We have starting and ending caps, so what this does is it tries to get you in the mood, shall we say, get
you thinking about what's going to happen during the day, and here it kind of wraps up what you're
doing, and we give time for the teachers to journal, to write in a book what they have learned, what
questions they have. And we do this every day. And then what you see here is teacher planning time.
The teachers have all of Thursday to develop their one or two activities or a lesson that they will teach
with their class about what they've learned. And we do peer review so they trade their lesson with
their peers, other teachers, and get feedback, and then we have them give presentations to all the other
teachers. So all the teachers learn about what every teacher's lesson or activity is. In case they hear of
a lesson from another teacher that they're interested in they can then adapt it and bring it to their own
classroom.

We evaluate this program. This is the Biophotonics Teacher Research Academy, that's just our
shorthand for how we call this academy, but we have three main tools for evaluation: what we call the
Participant Event Report Card or PERC, the Biophotonics Concept Inventory, and the Teacher
Implementation Plan. This one, PERC, is basically rating the structure and participants in the program.
This one, Concept inventory, rates some very basic biophotonics knowledge, and the final one looks at
how likely are they to use what they've learned and bring it back to their students. What are their plans
for bringing it back?

So if you look at their answers, we ask them a question, how well did the academy prepare you for
implementing biophotonics activities or curriculum into the classroom? And these are Level | and
Level Il from 2008 and 2009, with a response of five meaning highly effective. So you can see that
the program is actually getting better, but overall they find it highly effective in Level Il in helping
them think about how they can bring this material into their classroom. They feel well prepared.

When they rate different components of the academy, for example the instructors were all given the
highest score. The instructional material is rated very high. The training format, quite high. Time and
pace they complained; they wished they had more time. That's the main complaint that we get. They



would like to have an extra day or two. Facility and environment and overall value they all rate very
highly, so we we're happy to see that.

We also ask them specifically about intellectual engagement, and 50 percent of them state that they
were very, very excited — this is without us asking them, they just write in their comments — that they
were very excited to be able to explore cutting-edge interdisciplinary science. It both excited and
informed them while energizing them.

They also made comments saying that they think that they could actually incorporate the activities,
one-third feel that they could easily incorporate these activities into the regular curriculum. As some
point of background, in the United States teachers are strongly constrained by state standards for
science education and they vary in each state. We do have national standards, but most states choose
to have a more specific version with many more facts in their state versions of the standards, so we
see that a third of these teachers felt that immediately they could take these lessons and fit them even
within this constraint. And let me assure you, there are no biophotonics standards currently in state or
national standards; those don't exist. The word biophotonics doesn't exist in any of the standards, but
because we deal with biology, we deal with physics, we deal with light, the electromagnetic spectrum,
teachers can readily see how to incorporate this material.

Now just to say we think this number would be much higher if interdisciplinary courses were still
allowed in the United States. Unfortunately, interdisciplinary courses have seen a decrease in
popularity, but now there is starting to be a resurgence. They are starting to come back, which is nice
to see; we're happy to see that. We think that if interdisciplinary situations or courses were more
welcome this number would be much higher, and we see that in middle school they have an easier
time incorporating certain biophotonics activities because they have more freedom in their standards.

These are some items that show you our biophotonics concept inventory exam. It's very visual. We try
to very much stress hands-on activities and hands-on exams, so we try to have very visual types of
questions. And we see a minor difference pre and post but it is significant. So they are learning some
more biophotonics content. This is only with the first level, so this is only after the introduction. We
don't measure this after Level 1V because it would be unfair because they would be seeing the same
test over and over again, so we are only able to show this once to have a true pre/post.

And when we look at the teacher implementation plan, this is trying to look at their plans for
implementing this into their curriculum, we see that half of the teachers have very clear ideas of where
the biophotonics activities will fit into their curriculum with both after Level | and Level Il. And by
the way, this is not disaggregated based on disciplinary focus, and what I mean by this is if we were to
say, how many of the biology teachers can utilize the biology activities?, how many of the physics
teachers can utilize the physics activities?, these numbers would be closer to 100 percent. It's because
there are different disciplines of teachers coming to take our course.

This is what the activities look like from the teacher’s perspective. They are very active, using
computers and dissection. There's one activity where they take a chicken wing and they look at the
light properties, the optical properties of skin, muscle, bone, cartilage, look through all those different
pieces, how light goes through, how light comes back, using a spectrophotometer. This is what you're
seeing here. But you can see the teachers are very excited to see how disciplines work together. They
find that what they learned, the material, some of the things are very affordable and can be easily



brought to student instruction. "Expectations were met and exceeded...Great stuff!! Bend my brain
stuff!" "My judgment of training is 'how much can be brought back to the classroom?' In this case —
Lots and then some." So they're very excited about what they learn.

Now fortunately, these teachers are very open to new things and they find this to be a perfect
opportunity for that.

To be fair, we also provide a lot of resources, so just to make sure that you understand. We have the
facilities and equipment that we provide to the teachers. We also provide visits to research laboratories
and discussions with researchers. And equipment that is very, very advanced equipment for
microscopy and spectroscopy. They have a variety of posters that they receive for partaking in the
training that they can bring back to their classroom, and we have YouTube videos about certain
experiments and ideas.

Recently we also started an online, very structured, activities/lesson unit and curriculum repository
where all the teachers deposit all the material they create and then it's easy to share with a larger
community of teachers using the language that teachers like. So we have tried this kind of thing for
about eight years now and only with this model is it straightforward enough that the teachers have an
easy time putting the material in there. So a lot of times it was our structure; this is the teachers'
structure. This is how teachers think, when they learn to teach and when they teach, this is the
structure that they learn to put it in, talk about the standards, talk about the different components of
the lesson, the different activities. It's very nicely structured.

So let me move on to the second approach. This is the module/course development, and in this
approach we have worked on a biophotonics, many biophotonics modules for plant biology, basic
biology, and physics. We have worked on a biophotonics and cancer course that was taught. Most
people taught it for a year-long course with research in a second year. Biotechnology and biophotonics,
biomedical imaging, and the latest is our Science, Biostatistics, and Cancer Education (SBCE) where
we're working on blending math and science with cutting-edge lung cancer and skin cancer statistical
work.

Because | will only talk about the latest one, the science and biostatistics, I'm just going to tell you a
little bit about the other ones that | will not be talking in greater detail about.

This is the academy that we did with cancer - biophotonics and cancer. In this one, students in the
second year actually join research laboratories in our cancer research center at our campus. And all of
our students are low socio-economic status students. They come from the inner city. They are not
students who are accustomed to having much opportunity, so these are incredible opportunities for
them.

We've worked with a School of the Arts, believe it or not, and there we did a lot of plant biology and
biophotonics type of work. We've worked with a teacher at Hiram Johnson to create biophotonics
activities that enhance a biotechnology course. And we've helped develop a biomedical imaging
semester course that is taught at a school that is very close to where we are. And these are courses that
now we are putting the material together to share via that lesson repository that | showed you earlier.

So this is the model | do want to talk to you about, the science and biostatistics project. In this one we



have four web-based teaching modules using data-rich cancer education resources that teachers would
never have enough time to find and adapt for themselves. We hope that as a result of using these
materials students will make better informed decisions about their wellness. These are the four
modules: distributions (cancer patterns), causation versus correlation, population sampling, and
randomization. These are the concepts that we teach in this high school module by using current data
from the research.

We hope that as the students do these modules they learn statistical and evidence-based reasoning,
basic cancer and clinical trials knowledge and understanding.

And very important, we want them to understand risk and how changes to their behavior will affect
their risk. So we chose lung cancer and skin cancer because those are the two diseases that high
school students can do something about now. They can choose not to smoke; they can choose not to
be exposed to second-hand smoke. They can choose to wear sunscreen. They can choose when they're
out in the sun. And we want them to understand the real data behind why this is important.

So we think that it's important for our modules to help the students learn to take charge of what we
call wellness, their own health. So we want them to be learning this for the effect that they can help
their parents make good decisions and they can help themselves make good decisions related to their
health.

And we also believe that through the use of these modules we'll increase their interest in science,
technology, engineering, and mathematics and careers in STEM.

This is what Module 1 looks like. It's approximately seven to ten hours of instruction. We look at
understanding patterns in cancer incidence, understanding rates, understanding risk factors, and then
looking at and understanding lung and bronchus cancer distributions, and then adapting that and
seeing how they understand that same information with respect to skin cancer.

The modules are all web-based; everything is online. Even now as we develop the modules, we are
developing everything online. We do not do anything on paper. We have these interactive data
resources that look at distributions of cancer rates. This is a statistical tool that we've developed that is
Java-based, and it shows, allows the students to manipulate different data sets, and these are videos
from YouTube and these are games that we find and collaborate with others to bring in games. For
example this is from the Nobel Prize site on the cell cycle. We try to bring all these interactive
components together because we want to make sure that the students are engaged and interested in
looking at these topics and we have to use these new technologies both to give them the opportunity to
look at real data but also to have some fun with it as well.

In terms of our development we have a team approach. We have science educators, math educators,
education graduate students, and then we have advisors in science, math, and biostatistics. We also
work with evaluators and teacher leader.

Everything is online. We are using a free system, Google Sites, believe it or not, because we want to
make sure that it's easily accessible to everyone. And the material that you find on the site is always
the most up-to-date. There aren't multiple versions; it's always the latest. We use Java-based statistical
viewing tools, and we use a lot of other existing resources like YouTube, simulations, databases, and



data visualization tools.

And to give you a sense of how we involve the teachers and how this is part of their professional
development, we have the educators and research scientists working directly with the teacher, what
we call the teacher leader or the first tester. When we create a new module this is the first person that
tests it in the classroom. They then help alpha teacher testers, and we're actually in Module 1 right
now. This is happening right now as I'm here. They're doing these tests. And then they will go and
help the beta teacher testers. So this is how we play a big role at the beginning but then the
community of teachers is developed enough that they can go and they can spread this to a larger group.
And after this level we go national. So this all happens locally within about 80 kilometers of where we
are, the schools around us. We choose different types of schools with different levels of students, and
then this is how we in a sense multiply ourselves with trained teachers.

Now | want to look at the last approach, and this is also our newest approach, which was one of the
first approaches that we tried but it's the most currently evolved. In our original model it was the
After-school Biophotonics Student Research Academy. Each teacher held a three-hour session after
school for students that were interested in research. Student teams worked on biophotonics-related
projects that they chose, and undergraduates from University of California, Davis, would go and help
act as mentors to these students. The teams were all expected to present their work at a research
competition. So this work would start in September and by March they were expected to present their
research at a competition.

And the goal was really to improve access and use of new technology, inspire students to do research,
and bring new and relevant science into the classroom.

So what worked? Students were successful at competitions. We had many students win first, second,
third places. The students and teacher all had research opportunities. There was additional excitement
and learning of science. Students had job opportunities because we paid the students to participate in
this work. These were communities where normally the students would work after school. They
would be going to work at McDonald's or similar places to have money for their families, but instead,
since we were taking them outside of that environment, they were not able to work as much any more,
we paid them for participating, so now they had a job opportunity that was related to doing research.

We were able to bring current technology into their classroom. And we developed mentoring
relationships with undergraduates who could act as role models for them as they thought about going
on to college.

The difficulty with this program was after school is an important time for sports and clubs in
American schools. So students sometimes were in conflict. They had an important volleyball game or
a basketball game, and so they had to choose: research or basketball, research or basketball were their
choices. So there were some problems. It was somewhat expensive because we were paying the
students to participate, and the teacher. There was only one teacher involved at each school where we
did this. This was a bit of a problem. It made it difficult for that to continue without us being there on
a regular basis. And the teacher often complained of being tired after working a full day and then
spending another three or four hours at night.

So we revised the model and we made it a summer and fall workshop for teachers, and in this



workshop we gave them the experience of using technology for research and we talked about how
they could adapt the technology for use in their classroom.

We expected teachers to motivate groups of students to conduct the research and still go to research
competitions.

And the goals were very much the same.

So what was good about this model? In this approach, we concentrated the teacher and staff time. We
only had a summer and fall workshop and then the time was the time the teacher spent with their
students.

The technology that they used, we made sure that all the technology was only technology that they
had at their school. We did not introduce new technologies which they may not be able to afford, only
their technologies. And we made sure that the activities were easy to incorporate into their classrooms.
And we had some success with that.

In terms of difficulty, the biggest difficulty is teachers were reluctant to introduce their technology
into their classroom, into their regular classrooms. They were okay doing it with a few students in
special settings, but to bring the technology and research ideas into their classroom was frightening to
them. They were afraid that with 35 students, they have 50 minutes for their lesson, if something
doesn't work then all their time will be spent fixing the technology that didn't work, so they were very
worried about doing some of these activities because of the fear of technology failure.

There was low student participation in competitions, and there was no real specific time for doing the
research. In the prior version it was every Wednesday and Thursday night you spend three hours. In
this version, it was up to each teacher to decide what time they were going to spend with their students,
and usually they didn't make a regular time; this made it difficult. And the teacher had to spend time
without receiving any kind of compensation because this was after school hours, so still a problem.

So we revised it again. And in our current model we have weekly after school meetings with each
teacher bringing three to six students with them. So when we go and do the professional development
now, the teacher cannot come by themselves; they have to bring students.

We regularly have visits by educators, scientists, and others interested in these students.

And we still expect the student teams to come up with a research question and develop a poster which
they compete at research competitions.

The teachers and educators are their mentors and facilitators for the students, while both the students
and the teachers learn the technology.

So what has been working so far? We have regular teacher attendance. It's low cost. We only have to
pay a little bit to the teachers, but it's mostly our time. The technology used again is school property.
We have learning happening now by both the students and the teachers together. The research is
motivated by the students. And the students can act as classroom helpers the following year. So now,
if the teachers and students together receive the professional development, when the teacher has



difficulty in using technology or using research methodologies in their classroom, they have helpers.
The students can help other students. The students can help the teacher with the technology. The
teacher is no longer the sole expert but now has a few students in their classroom that also know how
to help.

The problems we've seen so far are minimal compensation. There is still extra time for the teacher
needed. Students come up with projects that are often difficult to accomplish. They come up with
projects like, "l want to study AIDS" or "I want to study how to make new solar cells." Difficult when
you have limited budget, limited time, difficult. I'm glad that they're thinking that way but it's still
difficult. And the educators that help mentor these students and mentor these teachers have to have a
very large knowledge base because many students want to do projects that relate to medicine. They
might want to do projects that relate to energy, climate change, environment, so | have to engage
researchers from a wide range of disciplines.

This just shows you the timeline. | won't go over this in detail. But this is what we do with them over
each month. We do things like explore project ideas, design project outlines, discuss how research is
done, talk to them about responsible conduct of research, train them on equipment and data analysis,
visualization, share progress on projects, submit their applications for competing, and then compete,
and there share lessons from their competitions, then plan for activities in the following year. So it's a
full set of activities but we really believe it's important to get the students and the teachers both
excited about research and doing research.

Just as a model to show you, the teachers and the students have professional development together.
They do research projects. They present their research projects. And now they can bring the classroom
science inquiry and technology activities that they learned by going through this process into the
classroom. And new students can enter the cycle. So this just keeps going around.

So with that said, how do we connect with the variety of schools and the districts? So we recruit
teachers at a variety of venues, as | mentioned earlier, so we find teachers that connect with us. We
also have what we call a Regional Open House. We invite educators, from teachers to scientists that
are interested in teaching to people that develop commercialization, commercialize new companies, to
departments of commerce in our local regions, we invite them all to an open house and we discuss
research and science goals and training goals that we have for our teachers and for our students. And
this way we invite principals from schools and administrators all coming together to this activity to
discuss things with us to make new connections. We also invite many teachers, principals, and district
administrators to our site visits. Site visits are a yearly event where all of the science is featured and
all of the advancements in science and education are featured, and it's a good time for them to see
what we do.

So what has happened from these things? What we've seen is we've seen teachers that come to us, the
Center for Biophotonics Science & Technology, and they want to work with us. That leads to us with
the teacher going to the principal, and then the principal helps us find more teachers that now work
with us. That's one approach that we take.

Another one is the principal, we connect with the principal or the principal connects with us, and then
brings us some teachers, and that teacher brings us more teachers. So this | would call a bottom-up
from the teacher perspective bringing in the administration, and this is more of a top-down, the



principal comes in and connects us with teachers.

And most recently we have had this approach, it's happening now. We've had the district and us
working together on a large proposal to impact five schools, and so we bring in the principal from
each of those five schools through the district, and then the principal brings on teachers. So this is
really top-down, but these schools are very good schools that have a lot of communication between
their principal and the teachers, so they are excited about this together. And they are also very
well-connected to the district, so in this case it does work quite well.

So overall lessons learned. You need to spend a lot of time in the school or community before they
will ask you to collaborate with them. We tend to go in there and say, look, we have all these
wonderful things, take them, use them, and they say, no, no, we have enough to do, we don't need new
things. So you have to go there and say, okay, I'll come and give a talk, we'll do demonstrations, I'll
come to your parent night, we'll do things with you. And after two years, three years, four years, then
they say, oh, we're writing a grant and we'd love you to collaborate with us so that we can create some
new science research and science teaching opportunities for our students and teachers. So it takes time
to build the trust.

Something else that we've learned, traditionally the teachers, the students, and the educators are all
separated. So we either just train the teachers or we just train the students, or the educators just think
about how the education takes place but don't think about the science. So what we're trying to do very
proactively is to not separate teachers, educators, scientists, researchers, and the students; they
all learn from each other. Even a science researcher that's been doing science research for 30 years,
when they're trying to explain their work to a 16-year-old student and trying to talk about the value of
their work, there's a lot to be learned for them as well, there's a lot to be gained from working together.

We've also realized, of course, that investing in teachers has a multiplicative effect. What |1 mean is
one teacher affects 150 students, much more than we can affect if we just target the students. So we do
want to spend time with our teachers because they have a large impact on how students perceive
science later on in their life, during that class and later on in their life, and what they think about in
terms of their career choices later.

And we also learned that the current cutting-edge science is very engaging, relevant, and powerful,
and guess what? They still learn basic science. Even though you start with the current cutting-edge
science that's only a few years old, the results that are very new, it still can help you learn the basics.
And we're even finding that it still can help you teach to the standards.

And | have to say | feel fortunate that there's new standards about to come out, common core
standards that are going to be nationwide standards that now certain states have committed to
adopting, and these new science standards that are coming out in the United States put a lot more
emphasis on the research process and collaboration and having research experiences, so I'm very
hopeful that our approaches will become more valuable and more usable by more teachers because of
these changes. It might take a while for California to adopt these but hopefully it won't be too long.

So with that said, I just want to acknowledge of course the education team, a lot of researchers, this is
just a few of our researchers, and some our teacher leaders. Lots of people, very important in doing
our work. And I also want to acknowledge my son and daughter because they keep me very motivated



and keep reminding me how important it is to try to make these changes and have them happen before
they get to high school so that they can take benefit in being excited about a career in science and also
learn about science. And with that, | just wanted to say thank you.

<EREIGE >

(Q1)  Thank you very much for your very interesting presentation. | have two questions. One is
how do you find teacher leaders? And the second is how many teachers were attending your three
approaches annually?

(Molinaro)  Okay, so how do we find teacher leaders? We find teacher leaders through the teacher
academy, so we look at them for at least one summer, but usually two summers, so we want to see
how they behave, their creativity, their openness to new ideas, and their aptitude for science and for
science research. So we kind of cannibalize our program. We take people, the best people from our
earlier programs, to go to the next level. In all those models, whether we're developing curriculum,
just a module or two modules, or we're developing a whole year course, we take from the Teacher
Research Academy. We find the best teachers there.

And about numbers, usually we have about 14 to 20 teachers in Level 1 every summer, and in Level 2
we end up having somewhere in the neighborhood of eight to 12. Not all the teachers from Level 1 go
on to Level 2. In Level 3, Level 3 sometimes we've combined Level 3 and 4 just to make it easier to
accommodate the schedule of the teachers, but we've only to date had two teachers that completed
through Level 4.

So most teachers do Level 1 and 2, and then bring things into their classroom. To go to Level 4 we've
been constrained by one main thing, which is money, we have to pay them $4,000 to participate and
that has made it a little bit more difficult to find that funding. Most foundations and private donors
really like to give money to students but not so much to teachers, and even less to us. They really want
the money to go to the students.

But we have seen some, with the two teachers that went, they both really appreciated the process, but
the researchers were not as excited with the level of their work, and the reason for that was because
the teachers were in there thinking “How can | be looking at this laboratory and understanding this
and translate it for my students?” whereas the researcher was thinking, | have a free worker for the
summer. So there was a bit of disconnect between those two things and we need to do some more
work to improve that connection because we've been much better with undergraduate students putting
them in research labs. That's worked very, very well. But the teachers have a very different
perspective of why they want to be there. They're not there to become researchers later; they're there
to absorb the research culture so they can be real, speak from the heart when they talk to their students
about research. And the researchers are not as interested about that.

(Q2) I have a question around the teacher leaders and the alpha teachers and the beta teachers,
because I've worked with programs where we've had teacher leaders in the school and matched them
with science university students to act as mentors, and then the idea was that the teacher was meant to
develop lesson plans and share those with their whole community but also upload them online and so
share them even broader with the whole Victorian school community...

(Molinaro)  Difficult to do, yes.



(Q2)  And it was unbelievably hard to get those teachers to do that, even though we had money to
pay those teachers to have time out of class, and it was also a requirement of the grant that we got
from the federal government. So it was a great challenge, and I'm interested in, | love your model of
all these teachers, they can affect, and I'm wondering how that is achieved.

(Molinaro)  Okay, so there's two different ways | can look at your question. So one way is, for
example in our biostatistics program where we have the alpha teachers going to the beta teachers,
because they're doing it in their classroom and because we've done kind of the initial version of the
module, what they are contributing are modifications, enhancements, improvements to make it work
in their classroom, so that they're very willing to share. We do pay them for being testers, and part of
that expectation is that they write down what they change, but we also do observation, so we can help
them take the adaptations and put them in the new version of the module. And these teachers, the
alpha and beta teachers, tend to do this because they like to see these materials being used and that
they have an impact on changing these materials. So it's a little bit easier in that scenario.

In the scenario where we do Levels 1 and 2 and then after Level 2 they're meant to contribute their
activities, we do still pay them some minimal amount for contributing their activities, but we've found
that the biggest reason why they're using it, they're doing it, is because the software is easy to use, and
it's directly lined with what they are mandated to do by their districts and by their schools. The
structure is exactly the same as what's taught when they learn to become teachers and it's exactly the
same as what they have to show their principals for their lesson plans. Before, it never worked. Only
now that we have this very tied structure that's made for teachers does it work, seem to work. Still,
sometimes you have to nudge a little bit but that's how it works.



Enhancing Student Scientific
Research Capabilities Through
Teacher Professional Development
and Connected Student Programs

Tokyo, Japan Nov. 23, 2010

Marco Molinaro, Ph.D. (mmolinaro@ucdavis.edu)
Chief Education Officer, Center for Biophotonics

Outline

» Importance of Scientific Inquiry to
Develop Research Capabilities in
Teachers and Students

« Teacher Professional Development
Approaches
— Summer Research Academies
— Modules/Curriculum Development
— Teacher/Student Teams for Scientific Inquiry

 Approach with Schools and School
Districts

» Overall Lessons Learned

Why Engage Teachers/Students in
Research?
« Science and technology are increasingly part of our
lives

» Research critical to science/technology progress

» Need to expand research capabilities of teachers
and students

» School focuses on science basics, not
current/cutting-edge research

* Need creative, capable, interdisciplinary
thinkers/researchers to solve current problems

« Research experiences help motivate participants to
deepen their understanding while solving real
problems

Why Teacher Professional Development?

e Teachers primary conduit to science literacy for
students (time, range of topics, # students)

» Teachers want/need to stay engaged in and
excited about science

» Opportunity to change approaches to science
education and literacy

» Teacher networks are a powerful resource for
changing approaches to science education

» In US, education is top down, teachers have
been neglected - remote controlled, de-skill
teaching

Teacher Recruitment Path

Public presentations

Teacher willing to
go to next stage

Teacher Professional Development
Approaches
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Biophotonics Teacher Research Academy
(BPRTA)
« Level I (3-day introduction)

— Lab tours, scientist presentations, simple
light/matter experiments, connection to research
use

« Level II (5-day hands-on)

— More activities/investigations, deeper scientist
presentations, 2 days to develop own activities

 Level III (5-day training)
— Nature of science, strategies, methods, technical
writing
« Level IV (8 week internship)

— Active research, research poster and lesson plans
Summer, Free to attend, $4000 stipend (Level I\¥)

BPTRA Level II Agenda

Talks/Tours |

Mean effectiveness across activities (5 = highly effective

BPTRA Evaluation

 Participant Event Report Card (PERC)
— Rate Academy activities, structure and
instruction
« Biophotonics Concept Inventory (BPC)
— Pre/post inventory of basic biophotonics
content knowledge
» Teacher Implementation Plan (TIP)

— Likelihood of incorporating Academy
activities into their instruction

BPTRA Evaluation - PERC

How well did the Academy Activities prepare you for
implementation of biophotonics instruction in the classroom?

nn

Level1-2008  Level1-2009  Level2-2008  Level 2- 2009

Mean effectiveness across activities (1 = not effective, 5 = highly effective)
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ean effectiveness ratings 2008/2009 Levels I and II (1 = not effective, 5 = highly effectivd

BPTRA Evaluation - PERC

e Intellectual Engagement

— >50% stated that Opportunity to deeply
explore cutting edge, interdisciplinary
science informed, excited and energized
them

« Teaching Standards Through Cutting
Edge Science*

— > 33% mentioned the ease of incorporating
biophotonics activities into the regular
curriculum and the high interest factor for
students

*Biophotonics is interdisciplinary. Some items fit in physics, some biology, some in

chemistry. US grade 7-12 education is constrained by a disciplinary content focus and ,
struggles with interdisciplinarity.




BPTRA Evaluation — BPC and TIP

Level I BPC P-value

62% 67% 0.025

1.00
TIP 0.80
0.60
0.40
e = B
0.00

Proportion of Academy activities teachers intend to use |n thelr classrooms (2008/2009

Data not disaggregated based on disciplinary focus

Teacher Comments

(Hands-on activities were very affordable and
‘ lectures could be easily manipulated for

\student instruction. \
Q
N

(This [PD] has provided me with a greater )
understanding of what biophotonics

is. Also a clearer understanding of how cross|
|disciplines can work together. )

( Cutting-Edge Science  Classroom Applications Resources )
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[ My expectations were met and |
exceeded...| met fellow teachers

~ ...Great stuff! Bend my brain stul&I
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(n ' P
My judgment of training/workshops/etc is "how’
much can be brought back to the classroom?"

{In this case—Lots and then some
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Resources

Online Resources/Activity and Lesson Repositories

Teacher Professional Development
Approaches
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Module/Course Development

Biophotonics (many modules)
— Plant biology enhancements, basic biology and physics
Biophotonics and Cancer (1-2 years)

— Emphasis on Cancer and uses of Biophotonics,
extended research experience

Biotechnology/Biophotonics (2-5 modules)
— Microscopy, fluorescence, tissue optics enhancements
« Biomedical Imaging (1 semester)

— Techniques/Applications, connection to research and
Medical Center

« SBCE Biostatistics (4 modules)
— Math/Science blend

High School Student Academies - Overview

L

East Oakland School of
the Arts:
Undergraduate
researchers from Mills
College work with a
Biology class inserting
biophotonics.

Sacramento High School: One+ year course dedicated
to cancer science and biophotonics. Students join
research laboratories after first year.

Hiram Johnson High

School: Incorporating

biophotonics

activities into a

Health Professions High School: Development of a biomedical biotechnology course.

imaging semester course.




How Sure Are You? Science, Biostatistics, and Cancer
Education

* Four web-based teaching modules using data-rich cancer
education resources high school teachers and other educators
otherwise might not consider well matched to their curriculum.
As a result of use, students gain:

— Statistical and evidence-based reasoning in science and mathematics;
— Basic cancer and clinical trials knowledge/understanding;

— Understanding of risk and changes to behavior = taking
charge of own wellness;

— Increased interest in STEM and STEM careers.

SBCE- Module 1

« Approximately 7-10 hrs of instruction

« Highly interactive - online and classroom

simulations)/tools

SBCE- Development

» Team Approach

— Science educators, math educators, science education graduate students,
science, math and biostatistics advisors, evaluators and teacher leader

* Online

— Google Site with all materials at latest stage of development, simple edit
control

— Java-based basic statistical viewing tools

— Utilization of existing resources (YouTUBE, simulations, databases, data
visualization tools)

— Teacher Involvement and Professional Development

Beta Teacher
Testers

Teacher Professional Development
Approaches
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Teacher/Student Teams for Research

. Original Model, After-School Biophotonics Student Research Academy

— One teacher holds a weekly 3 hour session after-school for
research interested students co-facilitated by CBST educator

— Student teams work on a biophotonics related project they
choose

— Undergraduates act as team mentors

— Teams expected to present their work at research
competition

— Goals: Improve access and use of new technology, inspire
students to do research, and bring new/relevant science into
the classroom

PROs CONs

Students successful at competitions Conflict with sports/clubs activities

Teacher/Student Teams for Research

« Revised Model

— Hold a Summer and a Fall workshop for teachers to give
them experience of using technology for research and
discuss in depth activity ideas for their classrooms

— Teachers expected to motivate groups of students to
conduct research and present their work at research
competition

— Goals: Improve access and use of new technology, inspire
students to do research, and bring new/relevant science into
the classroom

PROs CONs

Concentrated teacher and staff time Teacher fear of technology failure
Very low cost due to lack of

Students and teacher have research
opportunities - excitement/learning
Students have job opportunity in science
Current technology brought into classroom
Mentoring relationships w/undergraduates

Expenses (students, teachers, staff
and equipment)

Only 1 teacher involved at school -
critical mass missing

Teacher tired after full work day

Technology used is school property
Activities relatively easy to
incorporate into classrooms

expertise/equipment failure
Low student participation in
competition
No specific time set aside, ad-hoc
Teacher time commitment without
compensation 2




Teacher/Student Teams for Research

* Current Model - Engaging Students in Research

— Weekly after-school meetings with each teacher bringing 3-6
students

— Regular visits by educators, scientists, and others interested in
students

— Student teams expected to present their work at research
competition

— Teachers and educators are mentors/facilitators for students while
they learn the technologies themselves

— Goals: Inspire students to do research, improve access and use of
new technology, and expose students/teachers to current science

PROs CONs
Regular teacher attendance/community  Teacher time commitment, minimal
Low cost (some teacher, student, and compensation

equipment costs) Student projects often not
Technology used is school property reasonable
Learning by students/teachers Educators and scientists involved
Research motivated by students need broad knowledgebase
Student as classroom helpers following year

Engaging Students in Research - Timeline

October - explore project ideas, begin to learn about the process of
research (resources from Science Buddies and Understanding Science),
learn about science competitions.

« November - design project outlines, determine necessary equipment,
learn how to use technology, continue to discuss how research is done

- December - review project progress, train as needed on equipment
and data analysis/visualization tools, researcher talk, RCR (Responsible
Conduct for Research) mini training

« January - share progress on all projects and critique, train as needed
on equipment and data analysis/visualization tools

« February - complete and submit science competition applications,

review poster outlines, help with data analysis and visualization

March - finalize posters, present at competitions

April - share lessons learned from competitions, discuss how each
poster/project can be improved and what further work is needed,
interviews with students

« May - plan for activities in following year, interviews with teachers

Teacher/Student Teams for Research

Central diagram_from www

Connecting with Schools and Districts

« Teacher recruitment venues and public
events

« Regional Open House
« Invitation to Site Visits
+ Outcomes:
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Overall Lessons Learned

» Need to spend lots of time in schools/community
to be asked to collaborate - build trust

» Let's not separate teachers, educators,
scientists/researchers and students - they can
learn from each other

» Investing in teachers has multiplicative effect at a
very impressionable stage in a student’s life

« Current, cutting edge science is engaging,
relevant and powerful in the learning of science -
basics can be taught through cutting-edge
science!
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(Gaff)  Thank you very much for your question. | think it is a very interesting one and one that
we do not always have the answer to. | suppose if I look at and think about the dinosaur program
for the young children; those young children might not necessarily have a label for that as science
and scientific literacy and think about it in those terms but they certainly love dinosaurs. | think



dinosaurs are a great conduit to science and for teachers in primary schools who often use that to
teach mathematics and to teach English and to teach geography and they use it to teach it in a
number of ways, but we can also use it to teach about the scientific thinking and processes.

Young children have a natural curiosity of the world.  So, I think in their own way, whether they
have a label for it or not, they are engaged. | think with the teenagers, they would have once been
those young beautiful children, happy to participate, and ask lots of questions. They have gone
into the realm of being a teenager and being disengaged or some of them are engaged, but | think a
lot of them are highly disengaged. There is still a lot of science teaching that goes on in schools
that is very unconnected to their own personal interests and personal lives and they feel often that it
does not mean anything to them.

And there are still plenty of teachers who teach in the method we call "Chalk and Talk," like you
were saying what happens in some Japanese schools, the students do not actually get to actively
participate in experiments or meaningful science programs, so they are just completely turned off.
| think in that instance, given that | have only just developed that program that would be an
important question for me to put in evaluation about to ask the students about their attitudes
towards science and it would be something that would be very interesting to learn more about
whether that program affects their attitudes to science.

In terms of some of the adult programs, | guess some of them, say for example, The Science
Morning Tea is about — in the first place, it is actually more about getting people to use the
museums who just simply would not come. So, | do not have an answer for about their level of
participation in science.

For the science comedy, | know that these are people in a sort of age bracket that would not
traditionally come to the museum, but there has been some surveys done about people who go to
the International Comedy Festival and the most commonly read magazine by those people
attending not just the science comedy at our venue, but comedy festivals throughout Melbourne is
New Scientist magazine. They are obviously actually quite engaged with science, but ways of
bringing it to them in the museum. So, | think it depends on the audience you are talking about.
That certainly would be good for us to learn more.

(Molinaro) | will address the first part of your question | think was what kind of teachers
participate in our programs. So we primarily find there are two main categories of teachers, the
young teacher who has just recently finished their degree, and is very excited, still has a lot of
energy and missed getting a lot of experience with cutting-edge science in their pre-service
programs and so now wants to have access to that to bring to their students. So it is a young



teacher that like science, had some kind of science in their undergraduate degree when they went
for their teaching certificate, they just learned methodology, and now they want to get back to some
of the science, so that is one type of teacher that we get.

The other type of teacher that we get is what | would call the once-excited teachers but now are
tired. And they are looking for a recharge, new batteries. And they come to us because a lot of
standard American professional development programs focus on telling them how they are teaching
wrong and how they should do different methodology, but they do not focus on science content.
They focus on pedagogical approaches, so the way that you teach. And so they come to us
because we are, in a sense, different. We are refreshing for them because we talk about the
cutting-edge science and we show them how they can incorporate it into their standard science.

So those are primarily the two kinds; the ones that we see very, very little of are the teachers who
have taught somewhere between 5 and 15 years. We do not see very many of those teachers. We
see the teachers between 0 and 5 years of teaching and the teachers kind of 15 years plus. The
middle ones are kind of so disenchanted with the teaching of science that they are either leaving the
profession, before they go beyond 15 years, or they are kind of just reading the book.

They just kind of go by the thing and they have kind of turned their brain off. So fortunately, we
do not get those teachers, but thinking about your model, those would probably be the teachers we
need to attract the most, the teachers that really are doing the worst service for their students. So,
we need to think about ways of attracting those teachers.
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(Gaff)  Yes, we recently had Titanic exhibition at our museum and the year before we had
Pompeii exhibition. And for the first time, we saw visitors in our museum that would normally go
to the National Gallery of Art. And so | think this was quite exciting for a lot of us, because |
mean some of them may or may not have come into the rest of the museum and had a look around,
although there is sort of science content in there they are not particularly science exhibitions, but
they certainly were exhibitions that attracted a new audience. So we were like, “Wow, we have
people in our museum who do not normally come.”

But | think that is because there were exhibitions that they were specifically interested in and also
some of our visitor research survey sort of talks about there is a group of people we refer to as the
inspirers and these are the people who inspired or aspire to be seen at certain exhibitions. They go
to these exhibitions, because their friends in the sort of socioeconomic cohort discuss these sorts of
cultural exhibitions, so it is attracting in that way.
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(Molinaro) | had a question for Miki Saijo. We tend to think of Japan and United States as
having amazing technology companies that very much employ technology-capable people. | am
wondering have you looked in terms of the science literacy, what kind of cluster do companies
prefer, what would they like the educational system to generate? Would they like the number one
cluster people, would they like the number two cluster people, because part of what we are trying to
be aware of in the United States is there is a lot of pressure from technology and science based
companies to have workers that are very capable and not enough workers are being generated.

So there is a fear in the United States of losing some kind of edge, some kind of capability. And
so that fear is coming down into the high schools and into the middle schools and pressuring for
more science and engineering, because they complain very much that what we are doing now does
not train good workers. So, | am just wondering from the point of view here in Japan and from



the work that you have done. Do you have any sense of the interest that companies have and what
kind of workers are they looking for?

(Saijo) Maybe Japanese companies are looking for the person who can run continuously.
Japanese companies are now changing and a kind of globalization or the way of producing the
materials itself is changing. So the people are very eager to enhance their company members'
literacy, but not so many very sophisticated programs are in their companies, | think. So that such
kind of cooperation between university and each company would be very enhanced, | think.
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(Audience) | just wanted to suggest two things. One, it is more a question | think of the way
people conceptualize science and there is a very interesting project in terms of climate change
that | thought I would just share with you that National Science Foundation has funded ASTC
to do a program called "Communicating Climate Change" and there are 12 science centers in the
US that are involved in that. And they have all chosen to select citizen science initiatives to
build the understanding of regional issues on climate change. So, they have basically families
coming to the museum.

Each is doing it slightly differently, but it is not only public engagement in science, but it is also
bringing groups into the museum that might not have otherwise interacted with it in the same way,
so | do not know about the restaurant question, but just this last piece that I thought of when many
of you spoke about the art and science. There are a number of museum partnerships and actually
right here you have the same kind of geographic setup where a museum such as in San Francisco,
the Young Art Museum, and The California Academy of Science are working on a partnership. In
New York, The American Museum of Natural History is working with the metropolitan, so you
might consider exploring something like that. It is even happening in Italy, in Trento, where there
is a science and art museum, so those were just random thoughts, but I thought | would share.
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(Gaff) Just one thing | would say is, although we offered programs to lots of different age groups
and see everyone as important, but as | mentioned where | used to work at the university was a
science center and we used to travel exhibitions around the world in paleontology, | believe one
came to Fukui about paleontology and also we used to go into primary schools and work with
primary teachers a lot. And then we ended up having a lot of pressure on us, because we were not
working with older students who were — we could directly tell if they were going into university
degrees and hence paying fees.

So, it was quite an issue for us because one of the ladies that worked there had done a lot of
research on primary teaching and primary science teaching and teachers' attitudes and there was a
lot of research around young children and if they were turned off science in primary school, then it
was incredibly difficult to get them back and interested in science as older people. | think it is a
worldwide phenomenon and that we attract young children and their parents or grandparents and



school children, but | think in some ways it can be one of our great strengths, because we can have
young people and influence their attitudes in these ways and I think many of us were talking about
not just in the content base, but in terms of attitudes and values and so | think in some ways, there is
quite strength in it.
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