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Al DeSena (at podium) and Edward Maibach

Introduction
Al DeSena
Program Director, Informal Science Education, 
Division of Research and Learning, National 
Science Foundation

Iõd like to continue in my role of offering a 
transition from one part of the summit program 
to another. In my earlier comments I mentioned 
something about the diversity of the NSF staff 
in the Informal Science Education program. 
That diversity reÿects the range of skills that 
we need because of the diversity of what we 
deal with, which is what you bring to us. There 
are so many kinds of projects that this program 
is involved with that it has to call on the deep 
and wide experience of a wide range of folks. 
I also mentioned that the proposals that we 
are getting now are mixing and matching in 
ways such that there is no one of us who has 
the expertise to be able to handle all of the 
facets of the notions that you present to us. 
That means that among our fourteen program 
ofþcers there is quite a bit of collaborating that 

has to occur. So again, we both reÿect the þeld 
as well as prod the þeld, and this conference is 
part of that prodding process.

One of the things that occurs to me is that in 
the proposals we are seeing that are mixing 
and matching, so many different dimensions 
are being driven by the things that you consider 
important. The drivers of those are so numerous 
that we wonõt have time to get into all of 
them, though we will be hearing examples of 
some of them. There is a tremendous amount 
of convergence that we see, some of it driven 
by digital media. There is also a blurring of 
the boundaries going on, some of which has 
been happening for a long time in terms of 
formal and informal education. We know the 
story is not done there. Other blurring of the 
boundaries has occurred between education and 
information and communication, as we heard 
in Bruce Lewensteinõs presentation, or between 
the boundaries of education, communication 
and entertainment. 

From left: 
Sue Ellen McCann, Robert Hone, Christine Reich, Bron-
wyn Bevan, Kali Lightfoot, Rick Bonney
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time, and many of the proposals that we see 
embody those kinds of ideas as they converge, 
but I think, as many of us know, there is quite 
a bit more work to do. CAISE provides a way to 
bring us together more formally, and in a sense 
pushes us together to have the wonderful kinds 
of conversations that have been happening at 
this summit. 

I have had the opportunity over the years 
to look at the literature having to do with 
creativity and innovation, and there are two 
critical ideas Iõd like to share. One is that to 
have a good creative idea you need to have a 
lot of smaller ideas þrst. You donõt have just 
the one great inspiration, you have many ideas 
that come together. You also need to have the 
skills to be able to take that large number of 
ideas and hone them down to ones that you 
think are the best. 

Related to that, having a lot of ideas is often 
stimulated by diversity. Diversity is actually a 
catalyst for generating a number of ideas. That 

helps create those intellectual connections that 
we have been talking about throughout the 
conference, but we have to remember that we 
are not just in the business of generating ideas, 
we are in the business of changing the world, 
right? The impact that we have through new 
ideas and the collaborative efforts that we are 
trying to foster here are really important.

This summit is an opportunity to present to 
you things that you might already have had 
some glimmer ofñthrough the sessions, the 
Sparks materials that you have been posting, 
and particularly through this upcoming session. 
This session offers a fairly broad representation 
of projects that will hopefully make concrete 
many of the ideas that we have been expressing 
and the state of the þeld as we see it today.  

So think of diversity, think of creative ideas, 
think of collaboration, think of the challenge 
and opportunity. Think of bringing new players 
to the table in terms of infrastructure and 
learning and policy.

From left: 
Rick Bonney, Ellen McCallie, Robert Reitherman, Dennis 

Schatz, Jon D. Miller
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Jon D. Miller
John A. Hannah Professor of Integrative Studies 
and Director of the International Center for the 
Advancement of Scientiþc Literacy, Michigan State 
University, East Lansing, Michigan

Funded by the NSF, the LSAY is a national 
longitudinal study of two cohorts of 

public school students:

Å Cohort 1 includes approximately 3,000 10th 
grade students who were selected in the fall 
of 1987.

Å Cohort 2 includes approximately 3,000 7th 
grade students who were selected in the fall 
of 1987. 

Å Both cohorts were followed for an initial 
period of 7 years and data were collected 
from students, parents, teachers, and school 
principals.

Å Data collection was resumed in 2007 and now 
continues on an annual basis. The original 
students are now 34-38.

The LSAY was designed to study:

Å The growth of student attitudes toward 
and interest in science, mathematics, and 
technology.

Å The growth of student competence in 
science and mathematics.

Å The development of career plans and 
interests, including interest in careers in 
science, mathematics, engineering, and 
related þelds.

Å And the development of civic scientiþc 
literacy and the citizenship skills necessary 
to understand and participate in the 
formulation of public policy on issues 
involving science or technology.

Jon D. Miller

My assignment this morning is to introduce to 
you a study that I have been conducting for 
the last twenty-two years, following a group 
of young people who were tenth graders and 
seventh graders in 1987, and who we have been 
keeping tabs on and interviewing and getting 
data from regularly. It is, I think, one of the 
longest running longitudinal studies of its kind. 
There have been other, longer ones in medical 
and other þelds, but for people who are looking 
at the kinds of things we are looking atñ
education and learning about scienceñI think it 
is the longest. It is an NSF-funded project, and 
NSF has been supporting this since 1986, so we 
have been at it for a while. Sue Allen, our NSF 
Program Ofþcer, has been extremely helpful.

We started with a group of seventh graders and 
tenth graders in 1987, about 3,000 of each from 
public schools across the country. We followed 
them initially for a period of seven years very 
intensively, getting data from them, their 
parents, their teachers and their principals. 
We then took a data break and did a number of 

Informal Science Learning by Young 
Adults: A Report from the Longitudinal 

Study of American Youth

http://lsay.msu.edu

years of analysis and enrichment of the data set 
by doing things like geocoding. These students 
are now 34 to 38 years old. We have been 
following them for the last twenty years and 
actually have about 9,000 variables per student, 
so we know a fair amount about them.

In this last cycle, what we have been focusing 
on is how they learn through informal science: 
who goes to Web sites, who goes to museums, 
and a variety of other venues. What I would like 
to offer is a preliminary picture of that cycle. 
There will be much more detail coming in the 
months ahead, and Iõm going to go through this 
very quickly.

The LSAY was designed to look at attitudes, 
at achievement scores, at career plans and 

http://lsay.msu.edu
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During each of the years that an 
LSAY student was in middle school or 
high school, he or she was asked to 

complete:
Å A mathematics achievement test and a 

science achievement test each fall (usually 
late September or early October) based on 
the NAEP item pools.

Å A fall and a spring questionnaire that 
collected information about life goals and 
plans, courses taken, school activities, out 
of school activities, and interactions with 
peers and parents.

Å A reading test in the spring of the 3rd year 
(grade 9 for Cohort 2) using reading items 
from HSB and NELS88.

In addition, supplemental data were 
collected from parents, teachers, and 

principals.
Å One parent of each LSAY student was 

interviewed by telephone annually during 
the years that the students were in grades 7 
through 11. 

Å Each mathematics and science teacher 
who served one or more LSAY students (in 
the original sample schools) was asked to 
complete a background questionnaire and 
a separate questionnaire for each science 
or mathematics course that included one or 
more LSAY students.

Å A set of questionnaires were completed by 
the principal of each school periodically and 
detailed curriculum guides were collected 
from each school to help classify courses.

interests. We have actually been doing a lot 
on the latter, and now know who becomes a 
scientist and who becomes an engineer out of 
those six thousand kids. It was also designed 
to look at the development of civic scientiþc 
literacy. How do citizens who need to know 
what a stem cell is þgure out what it is and 
what they ought to do about it?

We also have gotten a good deal of achievement 
data. We know how well they did in school 
science and mathematics, we know their 
attitudes, their life goals, their in-school 

U.S. Longitudinal Studies

Age of cohort group in a 
given year

Year in which data 
collection occurred

Data collected for both 
LSAY and NELS

activities, their out-of-school activities. We 
also interviewed their parentsñone parent 
a year through their pre-college years. We 
supplemented that with parent interviews and 
teacher interviews. We know every textbook 
they saw in middle school and high school in 
science and mathematics. We also have a set of 
data from the principals about the schools. As 
you can see, it is a comprehensive set of data.

If you look at the right side of the graph below 
you will see two very long diagonal lines. Those 
start back in 1987 at seventh and tenth grades 
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Number of Informal Science Visits by Level of Civic Scientiþc Literacy

and continue up to the last two dots on the 
end, which is where we are this year and next 
year. This year we asked all of our young adults, 
ages 34 to 38, about how they get information 
both formally and informally about a whole 
range of science issues and just generally learn 
about science questions. About two-thirds of 
our young adults now have children of their 
own. In 2010 we will go back again and ask 
them how they work with their own children 
in learning about science. The beauty of that 
is that back in 1987 and 1988, we asked their 
parents the same question, so we will have 
essentially three generations of those who go 
to museums and other kinds of informal science 
education settings. 

We hope to keep following these people for a 
good many years because there are a number 
of intriguing questions. For example, who has 
stayed in the work force and who has not?

I now want to quickly show you two things. This 
is the number of museum visits per 100 people. 
We have to do it this way because otherwise, 
for example, the number of visits per individual 
to a botanical garden would be .45. The results 
would be mind boggling and we would be 
talking about how people do two-tenths of a 
visit to a museum. Another way of saying the 
same number is that 45 out of every 100 people 
would have visited that museum or activity. 

What we have is a range of things that look at 
this by the education level of our young people 
and as you can see, the more education you 
have the more likely you are to þnd your way 

into a zoo, an aquarium, a botanical garden, 
a science center and the like. I also put in 
art and childrenõs museums. Some childrenõs 
museums are highly scientiþc, some are not, 
but art museums also represent the phenomena 
of simply museum going. This probably doesnõt 
surprise you, but it is what we have seen for a 
number of years in the adult population also.

I also looked at it by scientiþc literacy. I have 
been measuring what people know about 
science for about twenty-some years: Who 
knows what a molecule is, who knows if the 
earth goes around the sun, and other central 
questions like that. We think it roughly equates 
to the ability to read the Tuesday New York 
Times. It is meant to identify those who can 
make sense of þrst-rate science journalism or a 
news report, or þrst rate NOVA shows, or þrst-
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Number of Informal Science Visits by Level of Civic Scientiþc Literacy

rate museum exhibits. If you look at that, in 
fact what you see is that the people who come 
to science museums are primarily people who 
already know a lot of science. Some of you have 
seen other manuscripts in which I have reported 
the same kind of thing.

I know, having worked with the museum 
community for some time, that some of you 
will take that as a disappointment. I think you 
should take it as an encouragement because 
there are many functions to be fulþlled. One 
function is to help people who donõt understand 
science come to understand it. Another 
important function is to sustain people who 
already have some understanding of science in 
the years after they leave formal schooling.

For example, almost none of us in this room 
would have said that we studied stem cells as 
students because they werenõt in our textbooks 
when we were in schoolñcertainly not in my 
case, and Iõm sure not in most of your casesñ
and yet we have learned about stem cells in a 
whole range of informal ways.

I should note that these data are almost 
identical for the total adult population. One 
of the tasks to think about is the function of 
helping people make sense of this emerging 
science as it occurs. I think these numbers 
suggest to you that you have at least a portion 
of your audience coming to your doors who 
actually bring some science knowledge with 
them, but who need some enrichment and some 
enhancement.

These young people are also very busy and the 
point I want to make to you is that they do 
spend a lot of time on the Internet. They spend 
a fair amount of time reading. Oftentimes we 
hear that reading has died as an activity in the 
new generation. Thatõs not true. They donõt 
necessarily read paper newspapers, but they 

Time Use by Level of Civic Scientiþc Literacy
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draw to your attention is simply the left-hand 
column of the chart at the bottom of page 
8: how much time they spend working and 
commuting. These are very busy young people 
and you have to compete for their time. There 
is a marketplace competing for their time that 
you should all be aware of.

From these preliminary results from the 
2009 LSAY survey of young adults, we 

conclude that:

Å The primary users of informal science 
learning resources are individuals who are 
already scientiþcally literate and who are 
either seeking to maintain their own level of 
scientiþc understanding or seeking to provide 
an enriched science experience for their 
children.

Å This is an important audience in need of 
accurate and timely information about 
emerging scientiþc constructs and issues. 
Some of these needs will be met online from 
various sources, but one of those sources 
could be museums and other informal science 
learning resources. 

Å I do not suggest that you cease trying to 
serve the underserved, but it is important to 
recognize the markets that you now serve as 
well as the markets that you may aspire to 
serve.  

For more information go to:

http://lsay.msu.edu

In summary, individuals who are scientiþcally 
literate are actually the major users. That 
doesnõt mean that it is the only audience you 
can reach, but it is one audience you can reach, 
and I think you should pay some heed to that. I 
think that as new issues emerge, people need to 
þnd places that they have trust in, and I think 
science centers and science museums can be 
one of those places. I do not mean to suggest 
by this that you cease serving underserved 
populations, but that you do recognize what the 
distribution of your current market is.

Jon D. Miller

http://lsay.msu.edu
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Always a place for basic 
science and a fun time 
for families

Connect to current science and 
technology

Connecting the Public 
with the Research Community
Dennis Schatz
Senior Vice President for Strategic Programs,
Paciþc Science Center, Seattle, Washington

Iõm here to talk about some of the results 
that have come out of our Portal to the 
Public effort, which bring scientists and 
research-based professionals into face-to-face 
interactions with public audiencesña project 
working with Explora in New Mexico, the 
North Museum of Natural History and Science 
in Lancaster, Pennsylvania, and the Institute 
of Learning Innovation. We have also worked 
and talked with a number of other science 
centers. There are a lot of discussions and 
questions that come out of bringing research-

Dennis Schatz

If youõve been in the þeld as long as I have, you 
know that to a large extent we are institutions 
that do a great job of working with families 
on basic science. One of the things that is 
happening as we move forward is thinking about 
what science centers should be doing and how 
we make ourselves more relevant. How do we 
broaden our role as a place where people come 
and engage in dialogue about current science 
and technology and their impact on society? 

When you do this, it requires greater 
understanding of scientiþc content areas 
than we have probably required in the past. 
Some institutions have staff with a deep 
understanding of content, but you can only 
cover some areas, you canõt really do it all. This 
requires bringing in people who have that kind 
of content expertise to interact with the public 
or at least to give your staff the background.

based professionals into the 
institution to help with our 
activities communicating with 
the public. 
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How do we broaden the image of what 
we mean by scientists?

Should we be the translator of current 
science and technology?

Should the scientist be the translator of 
current science and technology?

How do we help science-based 
professionals become effective science 

communicators?

So some questions come up as we try to engage 
the research-based community more often. One 
thing that comes to mind is, how do we broaden 
our sense of the term òscientistó? 

The other question is, how do we broaden the 
image that goes beyond the university? How 
do we think about other institutions such as 
businesses, government agencies and even city 
planners? We recently had a program in which 
a city planner was talking about sustainable 
energy design. I think itõs important that we 
think about other organizations to connect 
with, other than the traditional.

Another issue is, how should we think 
about translators of science? We do a lot of 
translating. How much translation should be 
done by us and our staff and how much should 
be done by the research-based professionals 
in the community? I think thatõs an important 
question to bring up. What is the right balance?

Also, if we are going to be working with 
research-based professionals, how do we help 

Every time someone says òscientistó to me, 
what I think of, and what the public thinks of, 
is the research scientist at the university, or 
maybe some other institution like a national 
lab. We need to start broadening our deþnition 
to include people who are from the technical 
level such as technicians in labs. If we are 
trying to get students interested in STEM, 
and they all think they are going to become a 
research scientist, thatõs not going to work very 
well. There arenõt enough jobs out there. We 
need to be thinking about those individuals who 
work as technicians in labs, especially in the 
health industry, etc.
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How do we help science-based 
professionals become effective science 

communicators?

Puts a human face on science 

Provides a role model
them become effective communicators? Too 
often you hear from many peopleñand itõs not 
just scientistsñòI went to school, so I know how 
to educate people. I know how to teach. I know 
how to connect.ó 

I often wonder how many scientists would say, 
òWell, I went out in the snow so I know about 
climate change. Let me tell you how to do your 
research on climate change.ó

There is this real need to have training and 
professional development to help science-
based professionals become effective science 
communicators. In these photos you see some 
of the scientists that we have been working 
with to accomplish this.

While we work with a large number of non-
scientist volunteers, which involves having to 
provide them both with the training in content 
and communication skills, why not pursue 
(I often think òexploitó) the science-based 
professionals who come with the content and at 
the same time allow us to put a human face on 
science?

How do we provide role models for what it 
means to be a scientist? There are great ways to 
see what scientists are like. They donõt all wear 
white lab coats!

These are some of the questions I think we need 
to be wrestling with as we move to include the 
research-based community in our programs.

http://www.pacsci.org/portal
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ISE Opportunities 
in Civil Engineering
Robert Reitherman
Executive Director, Consortium of Universities 
for Research in Earthquake Engineering; PI of 
Building Bridges Between Civil Engineers and 
Science Museums 

Two weeks ago I was in the supermarket buying 
an avocado for dinner and as I was standing at 
the avocado bin I looked up at the sign and it 
said òAvocados þfty cents, two for a dollar.ó 

As another fellow walked up I kind of chuckled 
and said, òLook at the sign: Avocados þfty 
cents, two for a dollar.ó

And he said, òI guess theyõre on sale this 

Building Bridges Between Civil 
Engineers and Science Museums

www.curee.org

week.ó So all of you for whom STEM literacy is a 
cause have more work to do.

I will talk brieÿy about one project that 
has been completed in the informal science 
education or informal engineering education 
area. The report is available at the URL below. 
The cast of characters was composed of about 
half engineering folk (although they were 
selected so that they had previous experience 
communicating with the public) and about 
half science centers, science museums and 
educators.

Where did this come from? Our organization was 
interested in how civil engineers and science 
center or science museum professionals could 

free PDF at: www.curee.org 

Robert Reitherman (right) with Robert Hone 

http://www.curee.org
http://www.curee.org
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a rather small intersection. Think about your 
neighbor across the street. You might be good 
friends, but your life and their life have a small 
area of intersection on a Venn diagram like 
this. Your relatives are different, and so on, 
but you still might have a close relationship. 
We were just looking for those areas that are 
possible to collaborate in. We are not expecting 
civil engineers to become science museum 
professionals or vice versa.

Our organization is a consortium of universities, 
two dozen around the country, that do 
earthquake engineering and other kinds of civil 
engineering research and education. Our Board 
of Directors asked me, as Executive Director, 
this question: How can the public learn more 
about civil engineering?

So we went out and tried it. We installed some 
exhibits including a shake table: you turn a dial 
and it affects the frequency, and one building 
responds more than another. Thatõs a dynamic 
response principle that applies to how you tune 
your radio in your car to a certain frequency 
and so on.

1. How can the public learn more 
about civil engineering?

If you look to the right of the shake table, 
there is a model of the rebar within a concrete 
column. The one on the right looks like the 
aftermath of the earthquake in Haiti (though 
this was done about þve years ago) and the one 
on the left is what you need to do if you want 
the building to stand up when the earth shakes.

2. Develop and install exhibits

Develop and install 
exhibits

We went on from those sorts of experiences 
with a few exhibits and asked the question: 
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4. What to do next?

3. How can 
collaboration 
be enhanced 
between 
science 
museums/
centers and 
engineers?

How can collaboration be enhanced between 
these two communities or þelds?

That led to the study I just mentioned, 
Building Bridges Between Civil Engineers and 
Science Museums. At that point we wondered 
what we should do next, and that led to the 
collaboration that Denis Mulligan will talk to 
you about.

Denis Mulligan
Chief Engineer, Golden Gate Bridge, Highway, and 
Transportation District, San Francisco, California; 
PI of The Golden Gate Bridge as an Informal 
Science Education Resource

I am not an informal science education person, 
I am not afþliated with a museum or a science 
center, and I want to thank you for welcoming 
me into your world. I encourage you to welcome 
others because it creates opportunities and 
possibilities.

The Golden Gate Bridge is a very visible 
infrastructure. Itõs not a pipeline buried in the 
ground or a series of telephone poles that are 
part of the background wallpaper of society, 
and it attracts lots of people. People are 
curious about our infrastructure and oftentimes, 
in our case in particular, we donõt offer much 

Denis Mulligan 


