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Preface

As children, many of us remember going on a family outing to a zoo, an aquar-
ium, a planetarium, or a natural history museum. Although sometimes we may 
have approached such excursions warily, thinking they might prove boring, even-
tually there was something that caught our eye. Perhaps it was a chimpanzee star-
ing back at us in a strangely familiar way or a shark taking a solitary swim in a 
custom-made tank. It could have been a moon rock brought back to Earth from 
one of the first manned space flights. 

When, at the end of the outing, parents asked, “Did you have fun?” in spite 
of ourselves we usually had to say yes. But then they wanted to know something 
else: “What did you learn?” That question was far harder to answer. 

Indeed, those working in science museums and other informal learning 
environments, including film and broadcast media; botanical gardens and nature 
centers; libraries; and youth, community, and out-of-school-time programs, 
increasingly are being called on to answer this question. Although people have 
participated in these activities for at least 200 years, only in the past few decades 
have practitioners and evaluators in the informal science community begun to 
study systematically what people learn, how they learn, and whether experiences 
in informal environments reinforce people’s identity as science learners. This work, 
still in its early stages, has proven to be challenging for several reasons. 

For one thing, ideas about learning have become increasingly sophisticated. 
It turns out that learning is far more than simply accumulating content knowl-
edge. It is also a social process, informed and enhanced by collaboration and dis-
cussion with other learners. In addition, “science learning” has its own particular 
characteristics. It encompasses the building of conceptual knowledge as well as 
mastering skills, such as observing, making predictions, designing experiments, 
and drawing conclusions based on data. What’s more, science learning has a cul-
tural component. Science has its own language, tools, and practices. Part of the 



Copyright © National Academy of Sciences. All rights reserved.

Surrounded by Science: Learning Science in Informal Environments

Surrounded by Sciencexii

learning process for nonscientists is to become familiar with the culture of science 
and figure out how it meshes with their own cultural perspectives.

Scientists constantly revise their understanding of how the world works 
based on emerging new evidence. For example, until recently, everyone considered 
Pluto to be a planet, but now the best minds in astronomy say otherwise.  In the 
field of biology, there has been a shift in focus, moving from an emphasis on the 
structure and function of plants and animals to one on molecular and cell biology. 

Many compelling current issues are related to scientific knowledge, which 
provides the background needed to make decisions about problems and to take 
advantage of opportunities. For example, although science cannot tell people 
what to do about climate change, it can provide the data necessary to realize that 
carbon dioxide emitted into the air, often through human activities, is greatly 
affecting the climate. The way people interpret that information—and whether 
they accept it—is based on their cultural context, values, and vision for the future. 
The same holds true for acceptance of a new avenue of study, such as stem cell 
research. Science presents the opportunity to pursue it, but people’s beliefs and 
values dictate whether they follow through.  

One of the goals of informal science environments is to introduce learners 
to scientific skills and concepts, the culture of science, and the role science plays 
in decision making. While some of this can be learned in school, informal settings 
have an advantage in that they can reach people of all ages, with varying levels 
of interest and knowledge of science. What are effective ways to realize this goal? 
For example, what tools and strategies are needed to help practitioners in informal 
settings meet these challenges? What knowledge could help inform their practice?

This book strives to answer these questions. One of its key premises is that 
an understanding of current research about how people learn in general—as well 
as the specific challenges of learning science—can improve the quality of infor-
mal science offerings. For example, exhibits can become more interactive, which 
research says has the potential to provoke questions and elicit more thoughtful 
comments and conversations. Strategies used in commercially produced computer 
games can be put to use in “educational” games to generate excitement about 
science as well as to build players’ knowledge base. And out-of-school-time pro-
grams, especially those for nondominant groups, can be designed with an under-
standing of the participants’ culture.  

These findings and others brought together in this book come from 
the National Research Council (NRC) report, Learning Science in Informal 
Environments: People, Places, and Pursuits. This report, written by a committee 
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of 14 experts convened by NRC, includes the perspectives of developmental and 
cognitive psychologists, science educators, museum researchers and evaluators, 
social scientists, and professionals in the fields of youth and adult learning. This 
committee reviewed the most relevant peer-reviewed research, commissioned new 
papers on specialized topics, and held three public fact-finding meetings. Their 
report distilled what is known from research while also identifying what gaps 
remain in our knowledge about how to create effective informal science learning 
environments.  

Along the way, the committee realized that its findings would have tremen-
dous value to a wide range of practitioners. Educators, museum professionals, 
policy makers, university faculty, youth leaders, media specialists, publishers, and 
broadcast journalists are among those who could put these new insights to good 
use. As a result, this book was created with several purposes in mind: to intro-
duce newcomers to a growing body of research, to enhance the knowledge base of 
mid-level professionals, and to provide seasoned professionals with a source that 
gathers the body of research together in an accessible format. For all of these audi-
ences, the goal is to present what the committee sees as the best thinking to date 
on how people learn in informal science environments. 

The book is divided into three parts. Part I, “Frameworks for Thinking 
About Science Learning,” lays the foundation for much of the research referred 
to throughout the book. The first chapter describes the range of informal envi-
ronments for learning science, including everyday environments, designed envi-
ronments, and programs, and then makes the point that these environments 
are developed by professionals who share common goals. These goals include a 
desire to engage participants in multiple ways, to provide opportunities for direct 
interaction with phenomena, and to acknowledge learners’ prior knowledge 
and interests. Chapter 2 builds on these ideas by focusing specifically on what it 
means to do and learn science. The chapter opens with a discussion of science as 
a human endeavor that involves specialized language, tools, and norms. It then 
introduces the strands of science learning, a framework that describes the range of 
knowledge, skills, interests, and practices involved in science learning. The strands 
framework is a tool that can be used to reflect on the broad range of competencies 
involved in learning science, to articulate learning goals, and to guide evaluation. 
The strands come up throughout the book in the descriptions of different types of 
informal environments and the type of learning that has occurred. 

Part II, “Designing Experiences to Promote Science Learning,” focuses on 
different aspects of the research on learning and how it can be put to work by 

Preface
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practitioners, as well as assessment. Chapter 3 discusses specific strategies, such 
as the use of interactivity, that are effective in fostering the deeper, more flexible 
understanding of science that is exemplified by the strands. Chapter 4 highlights 
the social and cultural aspects of learning, exploring how individual learning is 
supported through interaction with more knowledgeable individuals and through 
the dynamic exchange of ideas. Chapter 5 discusses ways to enhance interest and 
motivation to learn and how a developed identity as a science learner is both a 
natural outcome of a highly motivated learner and a reason that people pursue 
varied informal learning experiences in science. Part II concludes with a chapter 
that explores the role of assessment in informal settings and the challenges inher-
ent in this endeavor.   

Part III, “Reaching Across Communities, Time, and Space,” emphasizes 
other variables that affect learning. Chapter 7 presents a detailed discussion of 
what is meant by “equity” in the context of informal science settings and how 
these environments can be made more accessible to diverse populations. Chapter 8  
discusses how to develop effective learning experiences for learners across the life 
span—for children and youth, senior citizens, and other adults. Chapter 9, the 
final chapter in the book, looks to the future of informal science learning, with a 
discussion on how to extend learning experiences across different media and set-
tings. It also examines the relationship between formal and informal science envi-
ronments and discusses the value to the learner of creating stronger links between 
these two settings.  

Throughout the book, case studies show how the principles and strategies 
emerging from research on learning can and are being employed by informal sci-
ence educators across various settings. They also provide concrete examples to 
reflect on and critique, with the hope that they will generate new insights that will 
inform readers’ own work. For those who want to pursue the topics presented 
in each chapter in greater depth, a list of additional readings is included. Also, 
there is a list of “things to try” that provides suggestions for how to take ideas 
discussed in the chapter and begin to apply them. The “things to try,” however, 
are not detailed roadmaps for practice, but rather broad ideas that the reader may 
want to explore within his or her own institutional context.

A major goal of the book is to show the many ways that informal environ-
ments can support science learning and provide insight into how science can be 
made meaningful to people of all ages, backgrounds, and cultures—a value long 



Copyright © National Academy of Sciences. All rights reserved.

Surrounded by Science: Learning Science in Informal Environments

xv

held dear in the informal science community. Columbia University physicist Brian 
Greene offers an eloquent explanation of this belief: 

 
Science is a way of life. Science is a perspective. Science is the process that 
takes us from confusion to understanding in a manner that’s precise, predic-
tive, and reliable—a transformation, for those lucky enough to experience 
it, that is empowering and emotional. To be able to think through and grasp 
explanations—for everything from why the sky is blue to how life formed 
on Earth—not because they are declared dogma but because they reveal pat-
terns confirmed by experiment and observation, is one of the most precious 
of human experiences.

Through informal science learning, we can all experience this joy as our eyes 
are opened to the excitement and wonder that is science.  

Marilyn Fenichel
Heidi A. Schweingruber

Preface
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1Informal Environments for Learning Science

A great deal of science learning, often unacknowledged, takes place outside school 
in museums, libraries, nature centers, after-school programs, amateur science clubs, 
and even during conversations at the dinner table. Collectively, these kinds of set-
tings are often referred to as informal learning environments. Understanding the 
science learning that occurs in these environments in all of its complexity and then 
exploring how to more fully capitalize on these settings for learning science are the 
major issues addressed in this book. 

In the course of daily life, virtually everyone engages in informal science 
learning. In fact, despite the widespread belief that schools are responsible for 
addressing the scientific knowledge needs of society, the reality is that schools can-
not act alone. Society must better understand and draw on informal experiences to 
improve science education and science learning broadly. 

Consider, for example, that by some estimates individuals spend as little as 
9 percent of their lives in schools.1 Furthermore, science in K-12 schools is often 
marginalized by traditional emphases on mathematics and literacy; hence little 
science is actually taught during school hours.2 Finally—although it needn’t be 
and isn’t always so—much of science instruction in school focuses narrowly on 
the “facts” of science and simplistic notions of scientific practice.3 Yet the grow-
ing body of research on science learning makes clear that a basic understanding 
of science requires far more than the acquisition of a body of science knowledge. 
Rather, knowing science includes understanding, at a basic level, the nature and 
processes of science. For these reasons, now more than ever, informal environ-
ments can and should play an important role in science education.
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VENUES FOR LEARNING SCIENCE

As individuals interact with the natural world, their built environment, and partici-
pate in family and community life, they develop knowledge about nature and science, 
as well as science-relevant interests and skills. Science learning can occur through 
a number of experiences, including mentorship, reading scientific texts, talking 
with experts, watching educational television, or participating in science-related 
clubs. Informal learning experiences are often characterized as being guided by 
learner interests, voluntary, personal, deeply embedded in a specific context, and 
open-ended.4 Successful informal science learning experiences are seen as not only 
leading to increased knowledge or understanding in science, but also to further 
inquiry, enjoyment, and a sense that science learning can be personally relevant 
and rewarding.

In order to make sense of the vast number of informal settings in which 
science learning might occur, we use three categories developed in the National 
Research Council report Learning Science in Informal Environments: People, Places, 
and Pursuits.5 These include everyday informal environments (such as watching TV; 
reading newspapers, magazines, or books; searching online; playing educational 
computer games; having conversations; pursuing one’s hobby; or volunteering for 
an environmental cause), designed environments (such as museums, science centers, 
planetariums, aquariums, zoos, environmental centers, or libraries), and programs 
(such as 4-H programs, museum science clubs, citizen science activities, and after-
school activities). All of these environments can be placed on a continuum charac-
terized by the degree of choice given to the learner or group of learners, the extent 
to which the environments and experiences provided are designed by people other 
than the learners, and the type and use of assessments. 

“Everyday learning includes a range of experiences that 

may extend over a lifetime, such as family discussions, walks in the 

woods, personal hobbies, watching TV, reading books or magazines, 

surfing the Web, or helping out on the farm.

”
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Everyday Learning

Everyday learning includes a range of experiences that may extend over a lifetime, 
such as family discussions, walks in the woods, personal hobbies, watching TV, 
reading books or magazines, surfing the Web, or helping out on the farm. These 
experiences are very much selected and shaped by the learners themselves and may 
vary greatly across families, communities, and cultures. People engaging in every-
day learning may not be aware that they are learning. Instead, they simply see the 
activity as part of their daily lives—engaging in a hobby, looking up information 
on the Internet, enjoying a science documentary on TV, reading a fascinating book 
about the life of Darwin, playing games (in the backyard, at home, or on the com-
puter), or having a meaningful conversation with friends.

Consequently, learners may not be explicitly asked to demonstrate com-
petence in the same way they are when tested in school. Rather, demonstration 
of competence or signs of learning are embedded in the activity—for example, 
parents praising a child who explains how a tree “drinks” water or friends cor-
recting and challenging each other when discussing which foods are the healthiest 
to eat. In informal settings, individuals may take on or are given more responsi-
bility or more difficult tasks when it is clear that their competence has increased. 
For example, a child growing up in an agricultural society may start with feeding 
animals and cleaning stalls and gradually assume responsibility for tending animal 
wounds and monitoring the animals’ well-being. An amateur astronomer may take 
on increasingly more sophisticated outreach tasks, progressing from aiding at a 
public star party to delivering a lesson on astronomy to schoolchildren.

Designed Environments

Designed environments include museums, science and environment centers, botan-
ical gardens, zoos, planetariums, aquariums, visitor centers of all kinds, historic 
settings, and libraries. In these settings, artifacts, media, signage, and interpreta-
tion by staff or volunteers are primarily used to guide the learner’s experience. 
When the environments are structured by staff of the institutions, individual learn-
ers and groups of learners determine for themselves how they interact with them. 
The choice to attend a museum, aquarium, zoo, or other designed environment is 
made by the learner or, in the case of children and youth, often by an adult super-
vising the learner (e.g., a parent or teacher). Once in the setting, learners have 
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significant choice in selecting their own learning experiences by choosing to attend 
to only those experiences or exhibits—or aspects of them—that align with their 
interests. Typically, learners’ engagement is short-term and sporadic in these envi-
ronments, and learning can take place individually or in peer, family, or mentor 
interactions. However, there is increasing interest in extending the impact of these 
experiences over time through postvisit Web experiences, traveling exhibits, and 
follow-up mail or e-mail contact. These kinds of innovations are discussed in more 
detail in Chapter 9. 

Programs

Programs include after-school programs, summer programs, clubs, museum pro-
grams, Elderhostel programs, volunteer groups, citizen science experiences, science 
cafés, public lecture series, and learning vacations. Often program content includes 
a formal curriculum that is organized and designed to address the concerns of 
sponsoring institutions. Although the curriculum and activities are focused primar-
ily on content knowledge or skills, they may also address attitudes and values and 
may use science to solve applied problems. Often, programs are designed to serve 
those seen to be in need of support, such as economically disadvantaged children 
and adults.

As in designed environments, individuals most often participate in programs 
either by their own choice or the choice of a parent or teacher. They attend pro-
grams that align with their interests and needs. Experiences in these environments 
are typically guided and monitored by a trained facilitator and often include oppor-
tunities for collaboration. The time frame of these learning experiences ranges from 
brief, targeted, short-term experiences to sustained, long-term programs with in-
depth engagement. Assessments are often used to determine progress and to allow 
for adjustments, but they are not typically meant to judge individual attainment or 
progress against an objective standard or to form the basis for graduation or certi-
fication of any kind (although they may affect the participants’ reputation or status 
in the program or their self-perception and self-confidence).
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Insights About Learning in Informal Environments

Although these three types of environments are very different, they all share some 
basic characteristics that are believed to encourage learning: 

•	 engaging participants in multiple ways, including physically, emotionally, and 
cognitively; 

•	 encouraging participants to have direct or media-facilitated interactions with 
phenomena of the natural world and the designed physical world in ways that 
are largely determined by the learner;

•	 providing multifaceted and dynamic portrayals of science; 
•	 building on the learner’s prior knowledge and interest; and
•	 allowing participants considerable choice and control over whether and how 

they engage and learn.

These characteristics have emerged from a philosophical stance toward what 
it means to provide an informal experience, and they also are informed by a grow-
ing research base on learning and how best to promote it. This research base, which 
forms the foundation for this book, represents multiple fields of inquiry that reflect 
a wide range of interests, questions, and methods. The diversity of approaches to 
investigating learning outside schools—both how it occurs and how best to support 
it—makes the evidence base difficult to pull together. At the same time, the research 
reveals that the opportunities for promoting learning, as well as inherent challenges 
in doing so, are similar across the three types of informal environments.

ILLUSTRATING THE COMMON CHARACTERISTICS OF 
INFORMAL ENVIRONMENTS

Two examples provide insight into different kinds of informal learning experi-
ences. One is a computer game that can be played at home, and the other is a 
program for adults. They occur in different settings, with different age groups, 
different structures, and different time scales. The similarities and differences in 
the two descriptions highlight the shared characteristics of informal environments 
for science learning, as well as the unique potential for learning that variation in 
design can provide.
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everyday SCIENCE  
WolfQuest: Playing to Learn

Imagine the opportunity to explore a swath of 

Yellowstone National Park not from our human 

perspective but as a wolf. From this vantage point, 

learning how to hunt and get along with other 

wolves is a matter of life and death. WolfQuest, an 

interactive computer game, is designed to help the 

player learn about wolf behavior and the environ-

ment as a means to succeed in this educational equiv-

alent of a multiplayer first-person shooter game.

Players enter the world of WolfQuest Episode 1: 

Amethyst Mountain as wolf avatars to find out 

firsthand what it is like to use their senses to track 

elk, pick out a “good” elk (one that is a little weaker 

than the rest), and then chase and hunt it down. 

Defending a carcass against grizzly bears and other 

competitors also is part of a day’s work. Players can 

go it alone or join a pack with their friends—but if 

they do that, they have to learn how to cooperate 

with other members of the pack.

Much to the delight of the game’s developers, 

David Schaller, and his partner from the Minnesota 

Zoo, Grant Spickelmier, players’ responses to the 

game have exceeded their expectations. “There is a 

following for our game,” says Schaller. “In fact, even 

before the game was launched, a few teenagers 

saw an announcement about the game on the Zoo’s 

website and posted links to our site on Zoo Tycoon 

and My Little Pony game forums. About 4,000 people 

downloaded the game in the first hour after it was 

launched, and another 250,000 have downloaded it 

since. These kids have, in fact, built a community.”

One of the ways that this community stays 

vibrant is through an online forum. Through their 

posts, kids wax eloquent about everything from 

the game development process to questions about 

wolves and places to go for more information. 

“Kids got so excited about the game that they sent 

in drawings and stories about wolves,” remarks 

Spickelmier. 

To ensure that forum participants stay on 

task, a moderator gently guides the conversation by 

posting provocative research findings and facilitat-

ing productive discussions. For example, participants 

had many conversations about whether wolves were 

going to remain on the list of endangered species 

or be removed. The job of keeping conversations 

moving in a constructive direction takes between 15 

and 20 hours of paid staff time each week. A team 

of 18 volunteer moderators, drawn from the teen-

age members of the WolfQuest community, provides 

support by filling in for the moderator when she is 

not working.
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Based on evaluations by the game’s develop-

ers, as well as an independent evaluation conducted 

by researchers from the Institute for Learning 

Innovation, there is evidence of learning. After 

analyzing forum postings, the developers found 

that the data appear to be pointing to the use of 

inquiry behaviors. Players made predictions about 

what hunting and mate-finding strategies might 

work, tested those predictions, analyzed the results 

through the use of observation and note-taking 

skills, and worked with their pack mates to develop 

new strategies. One player analyzed his maneuvers 

as follows: “[As a wolf], I had trouble with social 

behavior. I also had to keep up with hunting, and 

trying not to die. Survival of the fittest. I tested being 

dominant over the stranger wolves, and how to save 

energy for hunting. Once I found a mate, everything 

got easier.”

Schaller and Spickelmier also discov-

ered that the players sought out additional 

wolf-related experiences as a result of their 

experience with the game. More than 80 

percent of participants looked up infor-

mation on the Web; watched a television 

show or video about wolves; read about wolves in 

books, magazines, or newspapers; or talked about 

the game with family and friends. About 70 percent 

of the players visited a zoo, nature center, or park to 

actually see wolves and other wildlife. Interestingly, 

it appears that the more frequently individuals 

played the game, the more likely they were to en-

gage in one of these follow-up behaviors. 

Extrapolating from these findings, it appears 

that game-playing has potential as a tool that can be 

used to build knowledge and inquiry behaviors and 

even lead to additional activities related to wolves 

and nature. These learning gains, Spickelmier notes, 

happen as part of the game. As intended, the players 

don’t even realize that they are applying science. 

They’re just trying out different ways to make their 

wolves successful in their environment. 

“In the world of games in which these kids 

have grown up,” says Spickelmier, “they expect to 

have some control over their learning. Maybe that’s 

why they like games so much. For them, the ability to 

manipulate their environment is the way education 

is done.”6

Wolf avatars ”face off” during an episode of 
Wolfquest.
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This example of everyday learning through media illustrates many of the 
characteristics of informal learning environments. Participation in the game is 
entirely voluntary, and the amount of time players devote to it is based on indi-
vidual choice and interest. The game itself is carefully designed so that, in order 
to master it, players need to learn about wolves and their habitat. Demonstration 
of competence is an inherent part of the game, because a player will not succeed 
unless he or she learns about wolves and is able to use that knowledge to inform 
his or her strategy and choices in the game.

The second informal science experience, called Science Café, was developed 
by Boston’s public television station WGBH. Unlike WolfQuest, which is targeted 
for children and teens, Science Café is an evening-long event designed for adults. 
While Science Cafés have been adapted from Europe and occur nationwide, this 
particular example reflects the approach developed by WGBH, and it takes place 
in a pub near Boston. The WGBH approach distinguishes itself by introducing the 
topic of discussion with a brief video from WGBH’s extensive science documen-
tary material.

“Demonstration of competence is an inherent part of the 

game, because a player will not succeed unless he or she learns about 

wolves and is able to use that knowledge to inform his or her strategy 

and choices in the game.

”
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everyday SCIENCE 

On a cold November evening in Somerville, 

Massachusetts, a city adjacent to Boston and 

Cambridge, some people ventured out to the neigh-

borhood bar, the Thirsty Scholar Pub, a place that 

attracts mostly a combination of local working-class 

people and young professionals from the moderately 

priced apartments in the area. Its low lighting, com-

fortable tables and chairs, and televisions make it a 

perfect spot for local sports fans. Some of the adults 

in the audience had tickets for this night’s special 

event, and others just happened to be there. 

On this particular night, Ben Wiehe, the WGBH 

outreach project director at that time, had booked 

the pub for a Science Café, a program designed 

to bring science to people of all backgrounds. The 

subject for this evening’s Science Café was global 

warming, and the topic was going to be introduced 

through a video clip from a NOVA scienceNOW 

program. The video focused on the cause of a mass 

extinction that took place 250 million years ago that 

ended what is known as the Permian era. Following 

the video, Charles Marshall, a Harvard professor and 

curator at the Museum of Comparative Zoology, was 

going to speak about the topic, relate it to the global 

warming currently taking place, and then facilitate a 

question-and-answer session. 

The first step in planning a NOVA scienceNOW 

Science Café event is to select the target audience and 

choose a venue where that audience is comfortable 

meeting. The next step is to pick a topic, which 

involves finding a video clip and scientist for the event. 

People from a range of backgrounds gather for a 
WGBH-sponsored Science Café.

Science in Unexpected Places:  
Learning at a Science Café
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Those tasks both fall to Wiehe. “The video clip is 

very important because it is designed to galvanize the 

audience,” he explains. “The length is key. I try to go 

with something that is no longer than four minutes.”

The choice of the scientist is equally important. 

As the host of the Science Café, Wiehe takes an active 

role in facilitating discussion during each event. 

Nonetheless, it is still important for him to find a 

scientist with a good sense of humor who can talk 

about a science topic in a clear, understandable way. 

“We want someone who knows how to promote 

conversation in the group. The point of the event is for 

the participants’ voices to be heard,” Wiehe explains.

 When Wiehe arrived at the Thirsty Scholar Pub 

an hour early to set up, he noticed a group of regulars 

sitting near the table he was planning to use for the 

event. Discovering that they didn’t know about the 

activity planned, he told them about it and suggested 

that they join in on the conversation. The men agreed 

to participate. Wiehe had hoped they would stay. One 

of the purposes of Science Cafés is to reach audiences 

who would not normally seek out an evening of 

science. So for this event, Wiehe had reached out to 

outdoor groups, such as the Sierra Club, which he 

thought would be interested because of the event’s 

focus on global warming and climate change.

As Wiehe finished setting up, he noticed that 

the pub was getting crowded. Soon all 80 seats were 

occupied. He and other WGBH staff members estimat-

ed that about 20 percent of the crowd was Thirsty 

Scholar regulars who had not come for the event. The 

remaining 80 percent was probably a mix of students 

and people who had come for the Science Café after 

hearing about it through fliers, e-mail alerts, friends, 

or community newspaper announcements. 

The evening started with a brief introduction, 

much of which was drowned out by private conversa-

tions and the televisions; then Wiehe ran the video 

clip. A light and humorous treatment of a serious 

subject, the clip caught the crowd’s attention. It 

served to introduce the subject to those unfamiliar 

with it and to reinforce knowledge for those who 

knew something about the topic.

Dr. Marshall followed the video. He had 

prepared a seven-minute presentation designed to 

create a link between mass extinction, the subject 

of the clip, and global climate change. He concluded 

his brief talk with concerns about dangers to come. 

As an aside, he mentioned that bovine flatulence 

contributes to global warming by releasing the 

Introductions are in order at the beginning of a  
typical Science Café.
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greenhouse gas methane, a remark that provoked 

a chuckle in the room. Then he opened the floor 

for questions and comments. He had a clipboard of 

notes on hand, thinking he would need to refer to 

them during the open discussion. 

The discussion started with questions from 

regular pub patrons: “How do we know that humans 

are causing the problem?” they asked. “Are there 

any beneficial aspects to global warming?” They also 

challenged what Marshall had described as people’s 

collective responsibility to protect the planet for future 

generations. “So what if humans go extinct?” they 

mused. “Extinctions have happened before. Maybe it’s 

our fate.” 

Then the audience returned to the issue of 

bovine flatulence. “How does bovine flatulence con-

tribute to greenhouse gases?” someone wanted to 

know. “What if we changed the diet of the cows?” 

another participant suggested. “If we all became 

vegetarians, would that help?”

It’s a good thing that Marshall has a wry sense 

of humor—and can think on his feet. For the next 

10 minutes, he and the group discussed different 

ways to deal with this problem. They considered the 

possibility of feeding cattle different kinds of grains, 

feeding them their natural diet of grass, or cutting 

back on people’s weekly meat consumption. Early 

in the discussion, Marshall cast his notes aside. He 

hadn’t thought that the conversation would go in 

this direction, so his notes were of little use. He had 

to draw on his knowledge of this topic to do his part 

to keep the discussion going.

As it turned out, the event was a learning 

experience for Marshall, too. In NOVA scienceNOW’s 

national surveys, 38 percent of participating scientists 

report that their involvement in the program changed 

the way they present their work to the public.

After 25 minutes of conversation, Wiehe no-

ticed that some people were starting to lose atten-

tion. So he ended the group discussion and reminded 

everyone to enter a prize drawing by completing 

the evaluation forms at their tables. The noise in the 

room increased as everyone started talking excitedly 

with those nearest them. Marshall was immediately 

surrounded by patrons who had more questions. 

Wiehe then asked him to circulate around the room, 

giving everyone the chance to have a face-to-face 

conversation about whatever interested them most. 

For some, this meant a technical discussion of the 

topic. Others simply wanted a chance to meet Dr. 

Marshall personally. “I’m going to tell my friends I 

had a beer with a paleontologist,” exclaimed one 

Thirsty Scholar patron. “This event reminded me of 

how much I love science.”

This participant is not alone in his enthusiasm. 

In surveys of science cafés around the country, more 

than 70 percent of those attending a Science Café 

report staying more up-to-date with current science 

as a result of the experience. The evidence indicates 

that the interest ignited through the event was sus-

tained and incorporated into participants’ daily lives. 

Throughout the rest of the evening, patrons 

of the pub continued to talk about global warming. 

The pub’s owner, delighted with the outcome of the 

evening, was eager to be involved in the next event. 

Charles Marshall also expressed his enthusiasm for 

the evening and his desire to participate in future 

Science Cafés. 

Perhaps the most telling sign of the evening’s 

success lay in the hands of several of the regulars 

who decided to stay for the event: tickets to a 

concert they had chosen not to attend. They opted 

instead for an evening of stimulating discussion 

about science.7
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REFLECTING ON THE CASES

WolfQuest and the Science Café represent two very different informal science 
learning experiences. One is for children and teens, and the other is for adults. One 
is a computer game that is played at home for as long as the learner is engaged, 
and the other is an organized one-shot event. The goals of WolfQuest were also 
very different from those of the Science Café. The developers of WolfQuest were 
experimenting with the learning opportunities available through gaming; Wiehe 
and his colleagues were trying to provide an enjoyable evening of conversation 
about science, with the hope of whetting the participants’ appetites for more.

Despite the significant differences between the settings, WolfQuest and the 
Science Café share an important element that characterizes much of everyday 
learning in science: learning can be generated by entertaining engagement that is 
designed to create further interest and a desire to learn more about the topic. The 
players develop knowledge and skills as a means to succeed in a game, and their 
success is synonymous with learning at least some science, along with developing 
positive attitudes toward the topic itself, as exemplified by their growing inter-
est in wolves. The patrons of the Science Café experience the dialogic nature of 
science and are exposed to a researcher who personalizes science and provides 
authenticity. In both cases, the learning experience is shaped by to the environ-
ment: gamers play and pub patrons talk and discuss. 

Furthermore, in both the computer game and the Science Café, the pro-
gram designers built on the learners’ prior knowledge and interests. Schaller and 
Spickelmier did so by using the features of gaming that kids enjoy and embed-
ding science content into that framework. Once the players were hooked on the 
game, they began learning the science content. Wiehe used a video clip to capture 
the interest of the audience and prepare them for Marshall’s talk. To further this 
engagement, both programs connected with the participants in multiple ways. In 
the case of the Science Café, this was by engaging them in a discussion of a topic 
that was intellectually stimulating and emotionally provocative. By playing the 
computer game, the participants were involved physically, by manipulating the 
computer mouse to make decisions about their wolf avatars; emotionally, by tak-
ing on the persona of a wolf; and cognitively, by learning what they needed to 
know to ensure that their wolves survived. Also, participants were allowed and 
encouraged to follow their own interests. At the Science Café, Marshall allowed 
people’s interests to direct the conversation, even if it was a topic with which he 
was less familiar.
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These similarities across the two experiences are not a coincidence. They 
reflect the designers’ commitment to providing informal experiences for learning 
and their knowledge of how to support learning. This knowledge is informed by 
a growing body of research exploring how people learn across settings and how 
individuals would like to learn or experience the world in their free time. 

A SYSTEMATIC APPROACH TO LEARNING

Over a century ago, scientists began studying thinking and learning in a more 
systematic way, taking steps toward what are now called the cognitive and learn-
ing sciences. Beginning in the 1960s, advances in fields as diverse as linguistics, 
psychology, computer science, and neuroscience offered provocative new per-
spectives on human development and powerful new technologies for observing 
behavior and brain functions. As a result, over the past 40 years there has been an 
outpouring of scientific research on the mind and the brain—a “cognitive revolu-
tion,” as some have termed it.8 At the same time, applied research and evaluation 
in informal science learning have exploded and provided the informal science 
learning profession with many of today’s fundamental principles and frameworks, 
many of them informed by the results of this cognitive revolution.

This huge and growing body of research on learning provides important 
insights for designing informal environments for learning science, including guid-
ance about how to understand the varied types of learning that occur in informal 
science environments; how to actively support this learning through designed 
experiences that directly tap into natural learning processes; how to assess learn-
ing in these settings appropriately; and how to improve on existing informal sci-
ence environments, including long-term programs, one-shot events, and exhibits. 
In broad brushstrokes the research on learning to date has revealed the impor-
tance of understanding both how individual minds work during the learning pro-
cess and how the social and cultural context surrounding an individual shapes and 
supports that learning. 

Research on individual cognition and learning, attitudinal development, and 
motivation has provided insight into the development of knowledge, skills, inter-
ests, affective responses, and identity. Some of the relevant principles of individual 
cognition and learning are articulated in the National Research Council report 
How People Learn.9 These principles include the influence of prior knowledge; 
how experts differ from novices (experts being those with deep knowledge and 
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understanding of a specific topic versus novices who have a less developed or 
naïve conceptual understanding of a topic); and the importance of metacognition, 
or the ability to monitor and reflect on one’s own thinking. These ideas can be 
used to inform the design of informal science experiences.

For example, many museums deliberately juxtapose visitors’ prior knowl-
edge with “scientific” ideas that can explain the natural phenomena they are 
engaging with in an exhibit or activity. This approach to design has been shown 
to help learners question their own knowledge and more deeply reconstruct that 
knowledge in a way that comes to resemble that of the scientific discipline. The 
Exploratorium’s Active Prolonged Engagement (APE) exhibits were designed with 
this goal in mind. At one exhibit, visitors were asked to figure out which two of 
six possible disks could roll faster. In doing so, visitors had to determine which 
variable—mass or distribution of mass—is more important. This process forced 
them to confront their ideas about this topic, uncovering any misconceptions they 
had. In fact, evaluators of this exhibit determined that those with misconceptions 
were the most intrigued with the issues raised by the exhibit, illustrating the devel-
opment of deeper knowledge about a science topic. For more information about 
APE exhibits, see Chapter 3, Designing for Science Learning: Basic Principles. 

The sociocultural perspective explores how individuals develop and learn 
through their involvement in cultural practices, which encompass the language, 
tools, and knowledge of a specific community or social group. This area of 
research grew out of concern that an emphasis solely on learning processes within 
individual minds overlooked the crucial role of social interaction, language, and 
tools in learning. The findings of this research show how verbal and nonverbal 
social interaction plays a critical role in supporting learning. 

Importantly, as people develop the culturally valued skills, knowledge, and 
identities of a specific community, they also bring their own prior experiences 
and knowledge to their new community. In this way, culture is a dynamic pro-

“The sociocultural perspective explores how individuals 

develop and learn through their involvement in cultural practices, which 

encompass the language, tools, and knowledge of a specific community 

or social group.

”
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cess, shaped and modified by the perspectives of its members. According to this 
approach, scientists, too, are part of their own cultural group, in which people 
share common commitments to questions, research perspectives, ideas of what con-
stitutes a viable scientific stance, and how individuals develop effective arguments. 	

Tools and artifacts are particularly important aspects of the cultural context 
for learning in science. Scientists use many specialized tools to measure and represent 
natural phenomena. In addition, tools and artifacts typically represent the backbone 
of many learning experiences in sci-
ence. In a museum, for example, visi-
tors make sense of exhibits through 
forms of talk and physical activities 
that are fundamentally shaped by the 
nature of the materials and techno-
logical objects they encounter. 

Media also represent a rich 
layer of learning artifacts. Interactive 
media, multiplayer video games, 
and television all provide a spe-
cific infrastructure for learning. 
Information has become broadly 
available through online resources 
and communities. In fact, many 
people routinely develop and share 
media objects that involve sophisti-
cated learning and social interaction. 
Research and evaluation during the 
past 10 years have shown the effec-
tiveness of media, but also highlight 
their limitations. Recognizing oppor-
tunities and limitations, media and 
brick-and-mortar experiences are 
becoming increasingly intertwined—
for example, a documentary on the 
history of the telescope is comple-
mented by a similar full-dome planetarium show, an interactive website that fea-
tures activities for backyard astronomy exploration, and a strategy to link the air-
ing and local release of the shows with outreach activities by amateur astronomy 
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clubs. Similarly, libraries are becoming multifunctional community centers for 
informal or free-choice learning. Just as museums are now more than repositories 
for artifacts, libraries provide access to many resources in addition to books: the 
Internet, message boards, talks, courses, programs, and even exhibits on science 
and health in some instances. These kinds of linkages and collaborations are dis-
cussed further in Chapter 9.

The chapters of this book draw on this rich body of research to elaborate on 
how informal environments can best support science learning. Many of the basic 
principles of learning operate in similar ways across settings. However, different 
settings and types of experiences offer different kinds of opportunities for learn-
ing. For example, a long-term program is likely to support different aspects of 
learning than a one-shot experience. Similarly, a highly structured exhibit may be 
more suited for particular kinds of learning outcomes than a purely exploratory 
one. Such differences mean that practitioners in informal science education need 
to think carefully about what can be reasonably accomplished in their own set-
tings through the experiences they provide. 

O  O  O   
It is clear that a great deal of science learning—often unacknowledged—takes 
place outside school in informal environments. These environments include the 
home, while playing on the computer or watching television; designed spaces, such 
as science museums; and out-of-school-time programs or adult-oriented lectures or 
movies. Although these activities vary considerably and occur in different settings 
with different age groups, different structures, and different time scales, they all 
share five common commitments: 

1.	to engage participants in multiple ways, including physically, emotionally, and 
cognitively;

2.	to encourage participants’ direct interactions with phenomena of the natural 
and designed world largely in learner-directed ways;
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3.	to provide multifaceted and dynamic portrayals of science; 

4.	to build on learners’ prior knowledge and interests; and

5.	to allow participants considerable choice and control over whether and how 
they engage and learn.

These commitments are consistent with findings from research on learning 
that reveal the importance of understanding both how individual minds work dur-
ing the learning process and how an individual’s social and cultural context shapes 
and supports that learning. We expand on both aspects of learning in Part II and 
explore the implications for learning across the range of informal settings. We 
begin in the next chapter by elaborating on science as a human endeavor and the 
implications for what it means to learn science.
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2Science and Science Learning

A first step in understanding how to promote science learning in informal environ-
ments is to develop a full picture of what it means to do and learn science. Over 
the past few decades, historians, philosophers of science, and sociologists have 
taken a much closer look at what scientists actually do and have found that the 
reality differs from common stereotypes. In the conventional view, the lone scien-
tist, usually male and usually white, toils in isolation to understand some aspect of 
the natural world through a series of controlled experiments. He is removed from 
the real world, operates in a cerebral realm, and experiences breakthroughs that 
reveal some “truth” about how the world works. 

Studies of what scientists actually do belie these stereotypes. Scientists 
approach problems in many different ways with many different preconceptions. 
There is no single “scientific method” universally employed by all. Instead, sci-
entists use a wide array of methods to investigate and describe phenomena and 
develop hypotheses, models, and formal and informal theories. Nonetheless, they 
share a common commitment to gathering and using empirical evidence derived 
from examination of the natural world.

SCIENCE AS A SOCIAL AND CULTURAL ENTERPRISE

Studies also show that science is fundamentally a social enterprise. Science is often 
conducted by groups or even widespread networks of scientists, and an increasing 
number of women and minorities are scientists. Scientists communicate frequently 
with their colleagues, both formally and informally, and most active researchers 
are involved in multiple scientific associations or societies, along with multiple col-
laboration or work groups. They exchange e-mails, engage in discussions at con-
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ferences, and present and respond to ideas through publications in journals and 
books, in print and online. Scientists also make use of a wide variety of cultural 
tools, including technological devices, mathematical representations, and methods 
of communication. These tools not only determine what scientists see, but also 
shape the kinds of observations they make.

In fact, the scientific community has its own core values, habits of mind, 
knowledge, language, and tools. These values include common commitments to 
questions, research perspectives, and ideas about what a viable scientific stance 
involves. Making progress in science depends on scientists being open to revising 
their ideas if called for by the evidence. The complex exchange of information and 
ideas and eventual evolution in thinking occurs in a community in which scientists 
also have developed a shared language. This language is added to or modified by 
scientists from specific disciplines as they work toward their own shared goals. 

Scientists from different disciplines sometimes develop their own vocabu-
laries, often by giving common words new meanings or by inventing words to 
describe a new scientific idea or discovery. Biologists, for example, talk about cells 
and DNA and genetics, and physicists have developed new meanings for such 
familiar words as energy, force, and work. Scientists in each discipline also depend 
on specialized tools to carry out their work. Biologists may use tools such as opti-
cal or electron microscopes to collect information, and astronomers may rely on 
different kinds of telescopes. Despite these differences, all share the larger goal of 
accumulating empirical evidence to explore or test their ideas. 

Some scholars refer to this collective set of norms, practices, language, and 
tools as the culture of science. This includes specialized practices for exploring 
questions through evidence, such as the use of statistical tests, mathematical model-
ing, and instrumentation, and social practices, such as peer review, publication, and 
debate. In order to “do” science, people must learn these norms and practices.

There is also another sense in which science is cultural or even political—
science reflects the cultural values of those who engage in it. The choices about 
what is worthy of attention, different perspectives on how to approach certain 
problems, and so on are shaped by the cultural values scientists bring with them 
and sometimes the political and economic environments in which scientific endeav-
ors are funded and sustained. From this latter perspective, as is the case with any 
cultural endeavor, differences in norms and practices within and across fields reflect 
not only the varying subject matters of interest, but also the identities and values 
of the participants. The recognition that science is a cultural enterprise implies that 
there is no cultureless or neutral perspective on science, nor on learning science—
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any more than a photograph or a painting can be without perspective. Recognition 
of both aspects of culture in science is critical for promoting science learning.

Learning to communicate in and with a culture of science is a much broader 
undertaking than mastering a body of discrete conceptual or procedural knowl-
edge. One observer, for example, describes the process of science education as one 
in which learners must engage in “border crossings” from their own everyday 
world culture into the subculture of science.1 The subculture of science is in part 
distinct from other cultural activities and in part a reflection of the cultural back-
grounds of scientists themselves. By developing and supporting experiences that 
engage learners in a broad range of science practices, educators can increase the 
ways in which diverse learners identify with and make meaning from their infor-
mal science learning experiences.

To illustrate how nonscientists can learn to participate in science, we con-
sider the case of Project FeederWatch. This project was specifically designed to 
help birdwatchers make more scientific and credible observations of birds that 
appear in their backyards. By interacting with scientists and using the tools of sci-
ence, birders fine-tuned their observation skills, became more comfortable with 
the culture of science, and, in some instances, were able to make contributions to 
the field.

“Learning to communicate in and with a culture of 

science is a much broader undertaking than mastering a body of 

discrete conceptual or procedural knowledge.

”
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everyday SCIENCE  
Research in Your Backyard:  
Participating in the Practices of Science

Every November, thousands of avid birdwatchers join 

the community of fellow birders who participate in 

Project FeederWatch, one of several citizen-science 

projects operated by the Cornell Lab of Ornithology 

in Ithaca, New York. The goal of the project is to 

enhance scientific research by providing a cadre of 

“citizen scientists” with the opportunity to contrib-

ute to science while pursuing their own interests. 

Participation begins by downloading (or receiving 

in the mail) the FeederWatch Research Kit, which 

describes the project goals and rationale, instruc-

tions for setting up an observation area, procedures 

for collecting data, and a subscription to the project 

newsletter, which includes detailed results of 

FeederWatch data. 

The success of the project depends 

on the quality of the data submitted from 

participant observations. To make the data 

collection process easier, online data collection 

forms are tailored for each region depend-

ing on the types of birds known to be in that 

area. If the submitted data match expectations, 

they are automatically added to the database. 

If unexpected information is reported, such as a 

bird species outside its usual habitat or expected 

range, the entry is flagged for review by a project 

staff member, who looks over the data to see if 

more information is needed. An e-mail conversa-

tion may ensue.  

“When those situations occur, we find 

that the participants are often correct,” says Rick 

Bonney, director of program development and 

evaluation at the Cornell Lab of Ornithology. “They 

have observed something we did not know was 

there, which adds to our overall knowledge.” All par-

ticipants can access the database and work with the 

data to answer their own questions as they arise. 

This project has been in place for more than 

20 years, making the lab staff among the first to 

give the public an opportunity to collect data and 

be part of authentic scientific research. The thinking 

behind the project was that giving “regular” people 

the chance to engage directly with phenomena and 

learn how to conduct investigations would help them 

become comfortable with the tools and practices of 

science. 
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Since its inception, thousands of people have 

participated in this and similar programs. Over the 

years, staff at the Cornell Lab of Ornithology have 

worked to perfect these programs by conducting reg-

ular participant surveys, which are used to develop 

a profile of the participants and determine which 

aspects of the program are most popular and how 

best to ensure that participants are able to make 

valuable scientific contributions and are themselves 

well served.

The surveys reveal that typical participants 

tended to be college-educated white women over 

the age of 50 who, despite having watched or fed 

birds for years, still see themselves as intermedi-

ate birders. The vast majority of the participants 

make use of the website features, such as Rare Bird 

Reports, the Map Room, the Top 25 list of birds, the 

Personal County Summaries, or the State/Province 

Summaries. More than half of participants use such 

scientific tools as creating trend graphs for specific 

bird species.

When participants were asked if they have 

learned about birds from this project, the results 

were encouraging. About 50 percent said that they 

learned there was a greater diversity of species than 

they had known about before; 64 percent said that 

they had learned to identify more species; 74 per-

cent said that they observed interesting behaviors; 

and 70 percent said that they learned how birds 

change throughout the seasons. Only 6 percent of 

the participants said that they didn’t learn anything 

as a result of their involvement in the project. 

Comments also show that the project added 

value to an existing hobby by providing tools that 

allowed participants to deepen their experience. A 

participant from North Carolina remarked, “I loved 

feeding and watching the birds before, but now it is 

so much more interesting and useful.” 

A birdwatcher from New Mexico described 

how the project improved basic birdwatching skills: 

“After participating in Project FeederWatch for 

several seasons, my bird identification skills have 

improved immensely. This winter, I found myself 

identifying birds by their behavior: how they fly into 

the feeding site, where they land, if they sit or take 

right off again, and which feeder they choose.” 

Project FeederWatch participants feed birds throughout 
the year; they also observe, record, and report the birds 
that visit their bird feeders.
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Challenging Enthusiastic Birders
Because so many participants return to the program 

year after year, lab staff have developed additional 

research projects to give them a chance to engage 

in deeper inquiry. One project, called the “Seed 

Preference Test,” was designed to find out which 

of three kinds of seeds ground-feeding birds liked 

best—sunflower, millet, or milo. The hypothesis de-

veloped by the lab staff was that sunflower was the 

preferred seed, but participants from the Southwest 

discovered otherwise. The birds in their region loved 

milo, also referred to as sorghum. Staff were in-

trigued by this surprising observation and wanted to 

find out if milo had been getting a bad rap. So they 

extended the experiment for 1 additional year. 

The research project resulted in a small media 

buzz. It was featured on Good Morning America, 

boosting enrollment to more than 17,000 partici-

pants. About 5,000 people completed the observa-

tions, documenting half a million bird visits and 

showing seed preferences for more than 30 spe-

cies. The findings confirmed the reports from the 

Southwest about seed preferences for birds in that 

area, proving that the lab staff’s original hypothesis 

was incorrect.

Another research project added to 

FeederWatch was the House Finch Eye Disease 

Survey. This project was initiated by FeederWatch 

participants, who observed house finches with 

puffy eyes during the winter months. Since then, 

participants have noted how the disease, identi-

fied as conjunctivitis, has spread throughout North 

America’s house finch population, causing their 

numbers to decline. Citizen scientists have proven to 

be an integral part of the scientific research team, 

documenting a serious population decline that could 

help in the understanding of disease outbreaks in 

other animal populations. 

What is particularly interesting about this 

phase of the project is the number of questions staff 

received about the experimental process. Many of 

these queries focused on hypotheses that partici-

pants were developing to help explain their results. 

This kind of activity showed that not only were par-

ticipants fully engaged in the project, but also they 

were taking scientific inquiry to the next level. They 

were using scientific methods and applying them 

appropriately to answer their research questions. As 

a result, participants were learning about science in 

the context of real scientific research. 

Citizen scientists are becoming indispens-

able to the research efforts of the Cornell Lab of 

Ornithology. They are contributing to scientific 

knowledge about ecology and bird-feeding pat-

terns in their regions. In fact, their findings have 

been included in articles published in peer-reviewed 

journals. 

“We are not just being nice in letting the 

public participate in these projects,” says Bonney. 

“Their scientific data are extremely important. 

Increasingly, the scientific community is depending 

on this work to further our understanding of North 

American birds.”2 
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This project is a powerful illustration of how an informal experience can 
provide rich and meaningful opportunities for people to participate in and learn 
about science. With some guidance from staff, the participants used the tools of 
science as they learned the practices, goals, and habits of mind of the culture of 
science. Similarly, the scientific community responded to participants, modifying 
their project design as a result of feedback and continued interest in the project. 

For example, staff added the Seed Preference Test because participants were 
looking for a new challenge. Through observation over a long period of time, the 
citizen scientists documented that a hypothesis developed by lab staff was inaccu-
rate. As is done in the scientific community, their findings were shared in articles 
published in peer-reviewed journals. Through this fruitful collaboration, the rela-
tionship between scientists and citizen scientists evolved, resulting in all members 
contributing and gaining valuable scientific knowledge. 

A sustained citizen-science experience like Project FeederWatch provides 
an ideal opportunity for science novices to become familiar with the process and 
culture of science and even to become engaged participants in the scientific enter-
prise. Short-term or one-time informal science education experiences will be more 
challenged to acquaint learners with the culture of science in the fullest sense. 
Nonetheless, it is still possible to portray the social, lived, and dynamic aspects of 
science as part of a science exhibition and short programming.3

WHAT IS SCIENCE LEARNING?

Research on learning science makes clear that it involves development of a broad 
array of interests, attitudes, knowledge, and competencies. Clearly, learning “just 
the facts” or learning how to design simple experiments is not sufficient. In order to 
capture the multifaceted nature of science learning, we adopt the “strands of science 
learning” framework developed in Learning Science in Informal Environments that 
articulates the science-specific capabilities supported by informal environments. This 
framework builds on a four-strand model developed to capture what it means to 
learn science in school settings.4 The two additional strands incorporated for learn-
ing in informal environments, Strands 1 and 6, reflect the special commitment to 
interest, personal growth, and sustained engagement that is a hallmark of informal 
settings. The strands provide a framework for thinking about elements of scientific 
knowledge and practice. 
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An important aspect of the strands is that they are intertwined, much like 
the strands of a rope. Research suggests that each strand supports the others, so 
that progress along one strand promotes progress in the others. It is important to 
note that, although the strands reflect conceptualizations developed in research, 
they have not yet been tested empirically. Nonetheless, they provide a useful frame-
work for helping educators, exhibit designers, and other practitioners in the infor-
mal science education community articulate learning outcomes as they develop 
programs, activities, exhibits, and events. 

Strand 1: Sparking Interest and Excitement

The motivation to learn science, emotional engagement, curiosity, and willingness 
to persevere through complicated scientific ideas and procedures over time are all 
important aspects of learning science.5 Learners in informal settings experience 
excitement, interest, and motivation to learn about phenomena in the natural and 
physical world. Interest includes the excitement, wonder, and surprise that learners 
often experience. Recent research shows that the emotions associated with interest 
are a major factor in thinking and learning, helping people learn as well as help-
ing them retain and remember.6 Engagement can trigger motivation, which leads 
a learner to seek out additional ways to learn more about a topic. For example, 
after a field trip to the local planetarium, young people could become so excited 
that they decide to join a local astronomy club. In that setting, not only will they 
learn more about this topic, but also they will meet other people with similar 
interests. 

Strand 2: Understanding Scientific Content and Knowledge

This strand includes knowing, using, and interpreting scientific explanations of 
the natural and physical world. Learners in informal environments come to gener-
ate, understand, remember, and use concepts, explanations, arguments, models, 
and facts related to science. Learners also must understand interrelations among 
central scientific concepts and use them to build and critique scientific arguments. 
While this strand includes what is usually categorized as content, it focuses on 
concepts and the link between them rather than on discrete facts. It also involves 
the ability to use this knowledge in one’s own life. 
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For example, after watching a large format IMAX movie about the 
Galapagos Islands, viewers could be challenged to apply what they learned about 
natural selection to another environment. After noticing a particular species in 
that environment, the learner could hypothesize about how a naturally occurring 
variation led to the organism’s suitability to the environment.

➲  	 Strand 1 – Sparking Interest and Excitement 
	 	 Experiencing excitement, interest, and motivation to learn about phenomena 	 	
	 	 in the natural and physical world.

➲  	 Strand 2 – Understanding Scientific Content and Knowledge 
	 	 Generating, understanding, remembering, and using concepts, explanations, 	 	
	 	 arguments, models, and facts related to science.

➲  	 Strand 3 – Engaging in Scientific Reasoning 
	 	 Manipulating, testing, exploring, predicting, questioning, observing, and making sense 
	 	 of the natural and physical world.

➲  	 Strand 4 – Reflecting on Science 
	 	 Reflecting on science as a way of knowing, including the processes, concepts, 	
	 	 and institutions of science. It also involves reflection on the learner’s own process of 	
	 	 understanding natural phenomena and the scientific explanations for them.    

➲  	 Strand 5 – Using the Tools and Language of Science 
	 	 Participation in scientific activities and learning practices with others, using 	scientific 	
	 	 language and tools.  

➲  	 Strand 6 – Identifying with the Scientific Enterprise 
	 	 Coming to think of oneself as a science learner and developing an identity as someone 	
	 	 who knows about, uses, and sometimes contributes to science.

Strands of Informal Science Learning
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Strand 3: Engaging in Scientific Reasoning

This strand encompasses the knowledge and skills needed to reason about evidence 
and to design and analyze investigations. It includes evaluating evidence and con-
structing and defending arguments based on evidence. The strand also includes 
recognizing when there is insufficient evidence to draw a conclusion and determin-
ing what kind of additional data are needed. Many informal environments provide 
learners with opportunities to manipulate, test, explore, predict, question, observe, 
and make sense of the natural and physical world. In fact, most science and nature 

centers are built around the concept of explora-
tion. Visitors are not given a correct scientific 
explanation of a natural phenomenon. Rather, 
they are presented with a phenomenon and then 
led through a process of asking questions and 
arriving at their own answers (which may then be 
verified against current scientific explanations).

The generation and explanation of evi-
dence is at the core of scientific practice; sci-
entists are constantly refining theories and 
constructing new models based on observations 
and empirical data. Understanding the connec-
tions, similarities, and differences between the 
ways people evaluate evidence in their daily lives 
and the practice of science is also part of this 
strand (e.g., looking at nutrition labels to decide 
which food items to purchase, understanding 
the impact of individual and collective decisions 

related to the environment, diagnosing and addressing personal health issues, diag-
nosing and testing different possible causes of a broken appliance).

On a small scale, visitors to science centers have an opportunity to engage 
in scientific reasoning. In these settings, visitors can interact with phenomena, see 
what happens, and then develop their own explanations for what they just expe-
rienced. For example, after experimenting with different objects to see which ones 
float and which ones sink, visitors can see that shape is just as important a vari-
able as weight in determining buoyancy. 

Through trial and error and by asking questions, people can begin to develop 
a deeper understanding of the world. The process of asking questions and then 
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determining ways to answer them is often the way that people of all ages learn new 
ideas. This process can take place in many settings, including the home, a commu-
nity center, a museum, a lecture, or an informal event such as a Science Café.

	

Strand 4: Reflecting on Science

The practice of science is a dynamic process, based on the continual evaluation 
of new evidence and the reassessment of old ideas. In this way, scientists are con-
stantly modifying their view of the world. Learners in informal environments 
reflect on science as a way of knowing; on processes, concepts, and institutions of 
science; and on their own process of learning about phenomena. This strand also 
includes an appreciation of how the thinking of scientists and scientific communi-
ties changes over time as well as the learners’ sense of how his or her own think-
ing changes. 

Research shows that, in general, people do not have a very good under-
standing of the nature of science and how scientific knowledge accumulates and 
advances.7 This limited understanding may be due, in part, to a lack of exposure 
to opportunities to learn about how scientific knowledge is constructed.8 It is also 
the case that simply carrying out scientific investigations does not automatically 
lead to an understanding of the nature of science. Instead, experiences must be 
designed to communicate this explicitly.

Informal learning environments and programming are well suited to provid-
ing opportunities for people to experience some of the excitement of participa-
tion in a process that is constantly open to revision. Developing an understanding 
of how scientific knowledge evolves can be conveyed in museums and by media 
through the creative reconstruction of the history of scientific ideas and the depic-
tion of contemporary advances. Also compelling are the human stories behind 
great scientific discoveries. Such scientists as Galileo Galilei, Benjamin Franklin, 
Charles Darwin, Marie Curie, James Watson and Francis Crick, and Barbara 
McClintock are just a few people whose stories provide examples of how scientific 
ideas evolve. 

The nature of science can also be reflected in documentary-style entertain-
ment shows. For example, the reality TV program MythBusters investigates 
assumptions about the nature of particular phenomena and the TV drama CSI: 
Crime Scene Investigation depicts evidence as sometimes fragile and temporary in 
nature.
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Strand 5: Using the Tools and Language of Science

The myth of science as a solitary endeavor is misleading. Science is a social pro-
cess, in which people with knowledge of the language, tools, and core values of 
the community come together to achieve a greater understanding of the world. 
The story of how the human genome was mapped is a good example of how sci-
entists with different areas of expertise came together to accomplish a Herculean 
task that no single scientist could have completed on his or her own. Even small 
research projects are often tackled by teams of researchers.

Through participation in informal environments, nonscientists can develop 
a greater appreciation of how scientists work together and the specialized lan-
guage and tools they have developed. In turn, learners also can refine their own 
mastery of the language and tools of science. For example, kids participating in a 
camp about forensic science come together as a community to solve a particular 
problem. Using the tools of science, such as chemical tests to identify a substance 
found at the crime scene, students become more familiar with the means by which 
scientists work on their research problems. 

By engaging in scientific activities, participants also develop greater facility 
with the language of scientists; terms like hypothesis, experiment, and control begin 
to appear naturally in their discussion of what they are learning. In these ways, 
nonscientists begin to gain entry into the culture of the scientific community. 

Strand 6: Identifying with the Scientific Enterprise

Through experiences in informal environments, some people may start to change 
the way they think about themselves and their relationship to science. They think 
about themselves as science learners and develop an identity as someone who 
knows about, uses, and sometimes contributes to science. When a transformation 
such as this one takes place, young people may begin to think seriously about a 
career in a health field, in an engineering firm, or in a research laboratory. 

Older adults, who have more leisure time after retirement, may take up hob-
bies that help give them a new identity at this time of their lives. For example, in 
addition to spending many hours outside cultivating his beds, an amateur gar-
dener also may pursue another passion, such as growing orchids in a greenhouse. 
To become more knowledgeable, he or she could seek out information in books, 
online, or at the local botanical garden club. After becoming somewhat of an 
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expert on orchids, the gardener may be 
asked to talk to senior citizens at an inter-
generational center about his hobby, or 
become a volunteer docent or gardener at a 
local botanic garden or park. At this point, 
the gardener has assumed a new identity—
as an expert in the field and as a teacher. 
Changing individual perspectives about 
science over the life span is a far-reaching 
goal of informal learning experiences.

Sustaining existing science-related 
identities may be more common than creat-
ing new ones. For example, in one study, 
visitors to the California Science Center already expressed a strong sense of con-
nection to science, and their visit reinforced their self-image as someone with 
interest in or connections to science.

Using the Strands Framework

The strands are statements about what learners do when they learn science, 
reflecting the practical as well as the more abstract, conceptual, and reflective 
aspects of science learning. The strands also represent important outcomes of 
science learning. That is, they encompass the knowledge, skills, attitudes, and 
habits of mind demonstrated by learners who are fully proficient in science. The 
strands serve as an important resource for guiding the design of informal learn-
ing experiences and especially for articulating desired outcomes for learners. 
Throughout this book, we return to the strands as a way to highlight the learning 
described in the numerous case studies. 

O  O  O   
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Learning science is a multifaceted endeavor. It involves developing positive science-
related attitudes, emotions, and identities; learning science practices; appreciating 
the social and historical context of science; and understanding scientific expla-
nations of the natural world. Informal environments have often been viewed as 
particularly important for developing learners’ positive science-specific interests, 
attitudes, and identities.

Designers and educators can realize these goals and make science more 
accessible to people of all ages when they portray it as a social, lived experience 
relevant to the lives of the learners. Project FeederWatch is an example of such a 
project. Participants become part of a community of scientists and make their con-
tributions while engaging in science in a familiar context. 

As a way to think about the range of possible outcomes for science learn-
ing in informal settings, this chapter introduced a strands framework. The strands 
provide a way to describe learning outcomes specifying the content, skills, and 
ideas people are striving to master in these varied environments. 

In the next chapter, we look closely at strategies designers can use to make 
science more accessible to a range of participants. These include interactivity and 
the importance of presenting information in multiple ways to reflect the needs and 
interests of a wide range of learners. Their strategies are supported by research 
about how people learn. 

Things to Try

To apply the ideas presented in this chapter to informal settings, consider the 
following:

•	 What is the culture of your community? This chapter explores the practices, 
values, and language that are part of culture. With these ideas in mind, bring 
together your staff to discuss what elements make up the culture of your envi-
ronment. Do these elements attract visitors, keep them away, or both? 

•	 Think about how the strands may apply to your setting. In this chapter, we 
introduced six strands as a model that can be used to describe learning out-
comes. Consider how the strands may be applied to the learning that takes 
place in your setting. Do your current offerings encompass all of the strands? 
Which strands are covered most frequently? Are there any strands that are 
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rarely touched on? Are there any strands that seem particularly important for 
your setting, but have not been programmed in?

•	 Involve local learning researchers or educators. Make use of other resources 
available in your community to discuss learning and learning outcomes. You 
could create an advisory group of knowledgeable experts.

•	 Join online communities of peers. There are a variety of listservs and blogs that 
provide informal science educators with connections and opportunities to dis-
cuss learning with peers (e.g., ISEN-ASTC-L for science museums and science 
centers).

•	 Discuss evaluation data with an outside consultant. Reviewing evaluation data 
with an outside expert may help you see the information with fresh eyes. The 
consultant also may have good ideas of how to use the data more effectively.

•	 Complete an informal survey of your setting as a way to better understand 
those who visit. Staff at the Cornell Lab of Ornithology modified their pro-
gram based on information they learned through surveying participants. 
Consider surveying participants in your program to learn more about their 
preferences and what could be modified in your setting to expedite learning. 
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3Design for Science Learning: Basic Principles 

After visiting a physics exhibit illustrating objects floating on a stream of air, a 
13-year-old boy noted the following:

“Oh, yeah. I was like, oh, I didn’t know that. I didn’t know it could stay 
up for so long. I thought eventually it would just die down and the weight would 
overcome the air pressure and stuff. But it just kept on floating. It was pretty 
cool.”1 

An adult visitor to the Search for Life exhibit at the New York Hall of 
Science was very excited after experiencing it:

“I think the water exhibit is really brilliant. I can read something in a para-
graph and not really have a sense of how much water 16 gallons is. It was just 
beautifully illustrated and really surprising. I had no idea that that much water is 
in our body. I think the [New York Hall of Science staff] do a great job of taking 
abstract contents and making it concrete so you can touch it and see it. That’s 
why I like to bring my kids. You’re going to absorb something somehow, even if 
you’re not really trying at all.”2 

After visiting a conservatory, a young man said the following:
“(What did you like most about the Conservatory?) “One place that I par-

ticularly liked and was pleased with was the Plant Lab because it showed me the 
way plants come to form life and microscopes show you the different shapes of 
the seeds, the leaves, the roots—so many things that I didn’t know before. . . .  
I came here and many of them refreshed my memory of when I was a child and 
took classes at school” (male, age 28; translated from Spanish).3 

Three different informal science experiences on different topics, but each 
evoked a powerful response from participants, and each resulted in some learning. 
The success of informal experiences like these is not accidental. Informal science 
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educators typically design such experiences over time and make gradual improve-
ments based on how learners respond. Not surprisingly, the design principles that 
emerge from the work of seasoned informal educators align in many ways with 
findings from research on learning.

INSIGHTS FROM RESEARCH ON LEARNING

Studies of experts and novices provide insight into what it means to have deep and 
flexible understanding. Experts in a particular domain are people who have deep, 
richly interconnected ideas about the world. They are not just good thinkers or 
people who are exceptionally smart. Nor are novices poor thinkers or not smart. 
Rather, experts have knowledge in a specific domain—such as chess, waiting 
tables, chemistry, or tennis—and are not generalists. However, experts do not just 
know “a bunch of facts.” In fact, having expertise in a topic means that knowl-
edge is organized into coherent frameworks, and the expert understands the inter-
relationship between facts and can distinguish which ideas are most central. This 
kind of deep but organized understanding allows for greater flexibility in learning 
and facilitates application across multiple contexts. 

Research has documented how development of expertise can begin in child-
hood through informal interaction with family members, media sources, and 
unique educational experiences.4 In fact, from early childhood onward, humans 
develop intuitive ideas about the world, bringing prior knowledge to nearly all 
learning endeavors. Children and adults explain and hear explanations from 
others about why the moon is sometimes invisible, how the seasons progress, 
and why things fall, bounce, break, or bend. Interestingly, these ideas or assump-
tions about how the world works develop without tutoring, and people are often 
unaware of them. Yet they often influence behavior and come into play during 
intentional acts of learning and education.

Thus, a major implication for thinking about informal science learning is 
that what learners already understand about the world is perhaps as important as 
what one wishes for them to learn through a particular experience. Accordingly, 
efforts to educate should focus on helping learners become aware of and express 
their own ideas, giving them new information and models that can build on or 
challenge their intuitive ideas.

Another important feature of experiences that support learning is provid-
ing prompts that guide individuals to reflect on their own thinking. This ability 
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to reflect on and monitor one’s own thinking, termed “metacognition,” is a hall-
mark of expertise. Metacognition, like expertise, is domain-specific. That is, a 
particular metacognitive strategy that works in a particular activity (e.g., predict-
ing outcomes, taking notes) may not work in others. However, metacognition is 
not exclusive to experts; it can be supported and taught. Thus, even for young 
children and older novices engaged in a new domain or topic of interest, metacog-
nition can be an important means of controlling their own learning.5 Accordingly, 
as a means of directing and promoting learning, metacognition may have special 
importance in informal settings, in which learning is self-paced and frequently not 
facilitated by an expert teacher or facilitator.

STRATEGIES FOR PUTTING RESEARCH INTO PRACTICE

These facets of learning—the development of expertise, the role of intuitive ideas 
and prior knowledge in gaining deep understanding, and the ability to reflect on 
one’s own thinking—can be put to use in informal settings to build deeper, more 
flexible understanding. One way this is accomplished is by creating informal envi-
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ronments that juxtapose the learners’ understanding of a natural phenomenon 
with the formal disciplinary ideas that explain it. This often includes illustrating a 
surprising or typically hidden aspect of the phenomenon and prompting the learn-
er to reflect on what it means. This approach is intended to help learners exam-
ine their own understanding and work toward revising it so that it more closely 
resembles current scientific understanding. 

Another strategy that can aid flexible learning is providing multiple ways for 
learners to engage with concepts, practices, and phenomena in a particular setting. 
This strategy reflects the finding that knowledge presented in a variety of contexts 
is more likely to support flexible transfer of knowledge. For example, in museum 
settings there is evidence that interpretive materials, such as labels, signs, and audio 
guides, are more effective in increasing knowledge and understanding than simply 
interacting with an object or natural phenomenon.6 Similarly, in more extended 
experiences, such as those offered by programs, it can be beneficial to provide 
learners with multiple opportunities to learn about a topic, such as through back-
ground reading, presentations, discussions with experts, and direct investigations. 

A third strategy identified by researchers and experienced designers is 
interactivity. In her book, Planning for People in Museum Exhibitions, Kathleen 
McLean defined interactivity as follows: “The visitor acts upon the exhibit, and 
the exhibit does something that acts upon the visitor.” Interactive experiences 
offer rich opportunities for provoking learners to recognize and reflect on their 
current ideas. They also allow learners to pursue the questions that might be gen-
erated as a result. 

There are many different kinds of interactive experiences. Some involve 
touching or engaging with objects or live animals. Others involve turning knobs, 
pushing levers, spinning wheels, or doing other manipulations to create an event 
or see an answer. More extensive interaction might include carrying out a full-
blown scientific investigation. In the case of media such as television, the learner 
may watch others carry out the interactive component, such as doing the steps in 
an investigation or engaging with an animal. 

Interacting directly with materials appears to have particular value. Powerful 
learning takes place when an individual is able to find out for him- or herself that 
by correctly connecting wires to a battery, the bulb will light up, or by touching 
two different kinds of rocks, it is possible to “feel” the difference between them 
and classify them accordingly. Making interactive experiences accessible to a wide 
range of audiences is a distinctive feature of museums, science and nature centers, 
and other informal science venues. 
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LEARNING FROM INTERACTIVE EXPERIENCES

There is evidence that interactive experiences support learning across the six 
strands as well as reflect a concrete way to put the research about learning to 
work. Such experiences seem to spark interest and maintain learners’ engagement 
while also increasing knowledge and providing opportunities for reasoning. One 
such exhibit was designed to help visitors understand the form and function of the 
human skeleton. The exhibit consisted of a stationary bicycle that a visitor could 
ride next to a large reflecting pane of glass. When the visitor pedaled the bicycle, 
the exhibit was arranged so that an image of a moving skeleton appeared inside the 
pedaling person’s reflection. The movements of the legs and skeleton attracted the 
visitor’s attention to the role and structure of the lower part of the human skeleton. 

According to museum researcher Jack Guichard, the skeleton exhibit expe-
rience seemed to transform children’s understanding of the skeleton, knowledge 
related to Strand 2, Understanding Scientific Content and Knowledge. After the 
cycling experience, children ages 6-7 were given an outline of the human body 
and asked to “draw the skeleton inside the silhouette.” Of the 93 children in the 

	 Juxtaposition
	 		 Juxtapose the learners’ understanding of a natural phenomenon with the formal 
	 		 disciplinary ideas that explain it. This often includes illustrating a surprising or typically 
	 		 hidden aspect of the phenomenon and prompting the learner to reflect on what it means.

	 Multiple modes 
	 		 Provide multiple ways for learners to engage with concepts, practices, and phenomena 
	 		 in a particular setting. 

	 Interactivity	
	 		 Allow the leaner to interact with the phenomenon. Sometimes interaction is simple, such 	
	 		 as pressing buttons or turning knobs. Sometimes it is more extensive and might involve 	
	 		 carrying out a scientific investigation. 

strategies for supporting learning
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sample, 96 percent correctly drew skeletons whose bones began or ended at the 
joints of the body; this result was in sharp contrast to the understanding shown 
by a sample of children of a similar age who did not experience the exhibit; only 
3 percent of this group could draw a skeleton correctly. Even more impressively, 
the children’s understanding persisted over time, with 92 percent retaining the 
idea of bones extending between places where the body bends 8 months after their 
museum visit. During that time, the children had not received additional school-
ing, practice, or warning that they would be tested.7

Interactive experiences also support Strand 3, Engaging in Scientific 
Reasoning, although the most sophisticated kinds of reasoning are more difficult 
to support in short-term experiences. In a study of eight interactive exhibits from 
three different science centers, Scott Randol found that the majority could be 
categorized as “do and see” activities. That is, visitors manipulate the exhibit 
to explore its capabilities and observe what happens as a result. Through their 
actions, the visitors engage in many behaviors associated with inquiry, including 
turning a dial or rolling a wheel, observing what happens, collecting data, and 
describing results. More sophisticated elements of scientific reasoning have also 
been observed, such as interpretation of the observed reactions, connecting them 
to prior experience, predicting outcomes of additional manipulations, and posing 
further questions. However, in museum settings, these occur less often than simple 
observation and description.8

It appears, too, that providing opportunities for active engagement draws 
more people to an exhibit (Strand 1). Researcher John Koran and his colleagues 
found that simply removing the plexiglass cover from an exhibit case of seashells 
increased the number of visitors who stopped there and the amount of time they 
spent, even though only 38 percent of those who stopped actually picked up a 
shell.9 Even in institutions with live animals, visitors seek out interactivity. In a 
study designed by Alexander Goldowsky, visitors were divided into two groups to 
compare two different learning experiences associated with an exhibit on penguins. 
The control group went to a typical aquarium exhibit, where they observed live 
penguins in their natural habitat. The experimental group went to a similar exhibit 
with an interactive component added—a device that allowed participants to move 
a light beam across the bottom of the pool. Attracted by the light, the penguins 
would chase it. After reviewing videotapes for 301 visitor groups (756 individuals), 
Goldowsky found that those who interacted with penguins were significantly more 
engaged by the exhibit and more likely to discuss the behavior of the penguins.10 
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Although interactivity has many benefits for learning, it should be used 
strategically to further the goals of the experience. In fact, research conducted at 
the Exploratorium in San Francisco reveals that more interactive features are not 
necessarily better. In one study, museum developers created three different versions 
of an exhibit called Glowing Worms. One was highly interactive (with changeable 
lighting, focus, and dish location) with live specimens; a second was less interac-
tive (with changeable lighting and focus) with live specimens; and a third was 
noninteractive (with prerecorded video) with no live specimens. The results of the 
study showed that visitors who saw one of the two interactive exhibits with live 
specimens stayed longer, enjoyed the exhibit more, and were able to reconstruct 
more relevant details of their experience than those who saw the noninteractive 
exhibit. Yet the researchers found no significant differences between the experiences 
of the visitors at the less interactive exhibit than at the more interactive one.11

These results suggest that adding more features does not necessarily enhance 
the experience. Extrapolating from this study, Exploratorium staff noted that 
sometimes too many interactive features can lead to misunderstandings or cause 
visitors to feel overwhelmed. In fact, these researchers think that there may be an 
optimal degree of interactivity, which results in a satisfying learning experience for 
the majority of participants. 

The following case study of a long-term exhibition called Cell Lab, located 
at the Science Museum of Minnesota, illustrates how these strategies—juxtaposing 
different ideas to spur reflection, presenting multiple ways to engage with con-
cepts, and interactivity—can prompt learning. Divided into a series of stations, 
Cell Lab offers visitors the opportunity to use real laboratory equipment to con-
duct short experiments as a way to learn more about cell biology, genetics, micro-
biology, and enzymes. The opportunity to have such an authentic, or real-world, 
experience is one of the hallmarks of informal learning environments. 
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everyday SCIENCE  
Cell Lab: An Opportunity to 
Interact with Scientific Instruments

Cell Lab consists of a series of eight wet-lab 

biology activity benches. Each activity is equipped 

with an online Lab Companion, which introduces the 

investigation; gives instructions on how to use the 

instruments, tools, and materials; and leads partici-

pants step by step through the procedure. Often 

the Lab Companion provides supplemental informa-

tion to enhance the experience. To provide addi-

tional assistance, museum volunteers and Lab Crew 

For most people, the tools and practices of science 

are a mystery. In their daily lives, they do not have 

opportunities to see laboratory equipment and 

materials such as bacteria cultures, centrifuges, or 

even microscopes, let alone actually use them as part 

of a scientific investigation. However, at the Science 

Museum of Minnesota’s (SMM’s) Cell Lab, museum 

visitors engage in wet-lab biology activities using real 

scientific tools and techniques. 
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members—high school juniors and seniors who work 

in the Cell Lab—are available to answer questions.

Cell Lab investigations vary from station to sta-

tion. At one bench, visitors use toothpicks to scrape 

cells from the inside of their cheeks, fix the cells to 

a slide, stain the cells, and look at the cells under a 

microscope. The Lab Companion allows further inves-

tigation about the structure of cheek cells and any 

variations they may have noticed.

At another station, called “Testing 

Antimicrobials,” visitors make a hypothesis about 

which type of antibacterial cleaner—hand soap, 

bleach, or sanitizers—most effectively kill 

a common bacterium, Bacillus 

megaterium. 

Participants test their hypotheses by using a fluo-

rescent assay to expose bacteria to each agent. If 

bacteria are still present, they will glow green. If the 

agent killed the bacteria, the sample does not glow. 

This activity allows participants to test their hypoth-

eses and see for themselves the impact of cleaning 

products on bacteria. 

To make the experience as safe and authentic 

as possible, everyone entering Cell Lab must put on a 

lab coat, goggles, and gloves. This laboratory uniform 

protects the participants, keeps biological sample 

bacterial contamination to a minimum, and puts the 

museum visitor into the proper frame of mind. “The 

lab coat, goggles, and gloves are really a lab uniform, 

which becomes part of the experience. Our visitors 

really enjoy dressing as scientists do,” says Laurie Fink, 

director of human biology at the museum. 

Visitors’ 
Responses to 

Cell Lab

Cell Lab has been open for 

almost 10 years and was the first 

wet-lab experience created for 

the public. It also has proven to be 

a popular attraction at the muse-

um. During the past 10 years, evalu-

ations have provided the museum 

with information about who visits Cell 

Lab, what activities they engage in at 

the different benches, and what their 

overall impressions of the experience 

have been. According to a summative 

evaluation conducted by Randi Korn & 

Associates, most of the visitors have been 

small groups of adults and children (often 

a caregiver and a child), and they spend an With the help of a Cell Lab teen volunteer, 
young scientists work on two different activities.
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average of 15 minutes at each bench. They really 

enjoy working on the different investigations, with 

the Cheek Cell bench often selected as one of their 

favorites. Below are some visitor reactions:

“We got to mix all [this] stuff together.” 

(Interviewer: “What’s fun about that?”) “Mixing stuff 

is fun.”

“It was spelled out in an easy way, so it was 

easy for the kids to do on their own.”

“It was interesting to be able to test some ideas 

for yourself. Like the anti-bacterial soap and saliva—it 

didn’t tell you what the answer would be, you had to 

test it for yourself. Then at the end it [the Lab 

Companion] provided some information. That . . . 

helped you understand [what] you just did. That [is 

what] makes these [lab benches] so good—the 

[combination] of experience and information” 

(male, 43). 

The first quote above illustrates a common 

response of visitors; one of their goals for an infor-

mal experience is active engagement or doing fun 

things. The second quote is a reminder that visitors 

may want to explore complex issues, but prefer to 

do so through experiences that are easily accessible. 

Parents are often particularly concerned that their 

children are able to participate easily. The third 

quote from an adult describes the full spectrum of 

the experience and again illustrates that learners can 

be aware of the content and even the underlying 

design principles of the experience. 

Interviews with visitors also reveal that they 

mostly performed the investigation outlined in the 

Lab Companion and then talked about what hap-

pened. The setup of the benches has been thought-

fully designed to allow for dialogue. “The museum 

designs these spaces to support social interaction. 

The benches are arranged so that small groups 

can do the activities together,” explains Kirsten 

Ellenbogen, director of evaluation and research on 

learning at the museum. “People can look at each 

other’s experiments or specimens and talk about 

what they see.”

These strategies appear to be working. They 

have been consistently successful in providing visitors 

with a rewarding experience. Perhaps a father, visit-

ing with his 11-year-old daughter, best sums up the 

impact of a visit to Cell Lab: “I don’t know if I could 

really speak for the kids, but they always want to 

come back to the cell ones [Cell Lab benches]. It’s my 

favorite because it’s fun to mess around with all this 

stuff. Do little experiments for yourself rather than 

watch someone else to do it. We visit all the time and 

even though the experiment’s the same, the kids get 

just as excited. . . . It’s like her own little private labo-

ratory—there are people here to help us and it’s not 

too crowded. . . . I think, for her, it’s just the chance 

to do something you can’t do anywhere else.”12
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Goals Achieved, Trade-Offs Made 

Cell Lab illustrates how the key principles of learning can be incorporated into 
museum exhibits. The experience itself is interactive; all the stations give visitors 
an opportunity to use materials to learn something new, such as the structure of 
cheek cells, or to test their ideas about common household products. Because the 
labs vary considerably, visitors also are presented with multiple ways to engage 
with different science concepts. 

The strands, too, are reflected in the experiences offered at Cell Lab. Having 
the opportunity to use scientific equipment motivates visitors to explore the different 
stations (Strand 1). By conducting the experiments, visitors are both adding to their 
understanding of scientific content and knowledge (Strand 2) and fine-tuning their 
ability to engage in scientific reasoning by asking questions, developing hypotheses 
and checking them against experiments, and continuing to push their thinking by 
asking increasingly complex questions about the world (Strand 3). In this setting, 
there are numerous opportunities to share ideas, ask questions, and become famil-
iar with the ways that science involves searching for explanations of an event or 
phenomena (Strand 4). Using the tools of science, such as microscopes and fluo-
rescent assays, and conducting the experiments in the context of a science museum, 
surrounded by other science learners, visitors become, at least temporarily, part of 
a community of scientists (Strand 5). And by donning a uniform of science—lab 
coat, goggles, and clothes—as they engage in scientific experiments, visitors further 
identify themselves as scientists (Strand 6). 

Despite Cell Lab’s strengths, the exhibit designers note that there is room for 
improvement. For one, they point out that to ensure that the experience is engaging 
and accessible to visitors of all ages and backgrounds, certain compromises were made.

“By design, the lab is more of a step-by-step wet-lab experience than an 
open-ended exploration or investigation,” explains Ellenbogen. “This allows visi-
tors to be consistently successful in completing an experiment that they would not 
typically be able to access.”

Fink concurs, noting that having a hands-on experience and a chance to “be 
a scientist” is very appealing to visitors. In fact, visitors become so engaged that 
nearly everyone stays and completes at least one investigation, which takes about 
15 minutes. Sometimes visitors will complete multiple Cell Lab investigations 
while visiting the museum. Spending that much time at one investigation, let alone 
multiple ones in the Cell Lab, is an extraordinary difference from a typical inter-
action with an exhibit, which may last only 30 to 60 seconds. 
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Even that positive outcome has another side. “Some people raise concerns 
about ‘through-put.’ In other words, how many people can do an investigation in 
one day if the experience is 15 minutes instead of 15 seconds,” says Ellenbogen. 
“But it is important to value a range of experiences in a museum, keeping depth 
and breadth.”

From Fink’s and Ellenbogen’s perspective, however, they would like to see 
the labs accomplish even more. “Right now, we’re succeeding at identity devel-
opment; it’s amazing how wearing lab clothes helps visitors see themselves as 
scientists,” says Ellenbogen. “And ownership is built into the experiences; when 
visitors look into the microscope, they are looking at their own cheek cells. They 
are highly engaged because they are ‘doing science’ and seeing themselves in a new 
way. But there is certainly interest in finding a way to make the experience more 
open-ended and to touch on more of a range of learning experiences.”

Doing that is not easy, however. For one thing, the Lab Companion needs 
to be updated by a computer programmer, making changes difficult. And there is 
a fine line between open-ended activities that are challenging but not frustrating, 
especially for young, inexperienced visitors. 

To overcome these obstacles, Fink would like to see museums and science 
centers collaborate on developing the next generation of wet-lab biology activities. 
“Sharing activities among museums gives us economies of scale,” explains Fink. 
Other institutions—the Maryland Science Center and the St. Louis Science Center, 
among others—are experimenting with more flexible lab benches, “so tweaking 
them for our institution and sharing them is a possibility down the road.” 

CHALLENGES OF DESIGNING FOR LEARNING

Ellenbogen’s and Fink’s insights into the strengths and weaknesses of Cell Lab 
point to the issues faced by all exhibit designers. A desire to make the experience 
challenging but not frustrating, and open-ended but with opportunities for success 
built in are widespread goals throughout the informal science community. Figuring 
out how to realize these goals was a major goal for Exploratorium designers in 
their development of Active Prolonged Engagement (APE) exhibits. 

Unlike more traditional exhibits, which typically present a phenomenon, 
provide visitors with an opportunity to observe or interact with it in a prescribed 
way, and then explain what happened in the label, APE exhibits strive to be more 
open-ended. Their goal is to give visitors more choices about how to approach and 
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engage with the exhibit, with opportunities for formulating a hypothesis, testing it, 
learning from the results of their experiments, and performing additional tests.

For example, at an APE exhibit called Downhill Race, visitors are asked to 
race two of six possible disks down parallel tracks to see which one rolls faster. 
Most visitors hypothesized that the heavier ones would roll the fastest, but disks 
with more of their mass located near the hub actually roll faster than those with 
more mass located near the rim. Visitors race disks to figure out which variable, 
mass or distribution of mass, is more important. Four of the disks have fixed 
masses, and two have masses whose location can be changed. 

Among many visitors, this exhibit evoked excitement and brought out their 
competitive spirit. Because the participants wanted to win the race, many stuck 
with it, manipulating the masses until they figured out which rolled the fastest. 
After successfully completing the race, visitors appeared happy and energized.13 

Interestingly, evaluators of this exhibit found that visitors who had miscon-
ceptions about which disk would roll the fastest were the most engaged by it. This 
intriguing finding may be attributable to the exhibit’s success in making visitors’ 
naïve understanding more salient to them and providing them with the opportu-
nity to explore alternative explanations.

To continue to think about the challenges inherent in exhibit design, we now 
look at a different kind of exhibition. Called The Mind, it, too, was developed at 
the Exploratorium. The issue facing the designers was how to create an exhibition 
that explores how the mind—the most elusive and mysterious part of ourselves—
functions in different situations.

“A desire to make the experience challenging but not frustrating, 

and open-ended but with opportunities for success built in are widespread 

goals throughout the informal science community.

”
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What do you think it would feel like to drink water 

from a fountain made from a toilet—even if you 

knew the water was clean? Would you be able to do 

it, or would it make you feel too uncomfortable? The 

exhibition The Mind explores such issues in a series of 

40 interactive experiences. 

During the 4-year development process, se-

nior exhibit developer Erik Thogersen and his team 

worked with expert advisers to design experiences 

that would provide visitors with some insight into 

how they make decisions or respond to unusual, 

counterintuitive events. 

In determining how to accomplish this goal, 

Thogersen considered many approaches, including 

the model pioneered in the APE project. But he soon 

realized that for The Mind exhibition, the activities 

didn’t have to be open-ended in the same way the 

APE exhibits were. One reason is that its purpose 

was not to foster skill development but to trigger re-

sponses that would reveal something about how the 

mind works. It soon became clear that one approach 

would not be sufficient; ultimately, the exhibition 

would use different strategies to elicit the desired 

responses and learning.

At one station, a visitor looks at a screen show-

ing a small patch of skin that has been magnified 

many times. The visitor is asked to think about an 

emotionally arousing idea or image. The thoughts 

trigger an immediate secretion of sweat, which 

shows up on the screen, presenting a concrete physi-

ological reaction to a cognitive event.

Through trial and error, Thogersen discovered 

another effective approach—designing interac-

tive exhibits for small groups. Such exhibits, says 

Thogersen, gave visitors a chance “to prod the minds 

of others” and were particularly effective if members 

of a group knew each other.

Probing the Depths of The Mind 
at the Exploratorium

Would you be able to drink water from a toilet— 
even if you knew the water was clean?
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For example, at a station designed to measure 

emotional reactions by graphing breathing patterns, 

visitors are given 12 cards with questions, such as 

“Name somebody you have a crush on.” Two people 

who don’t know each other can ask that question, 

but the experience is much more powerful when 

those two people are friends. “If you know the per-

son, you can ask that question in a way that embar-

rasses them or gets at another emotion,” Thogersen 

points out. “The reaction you get is much stronger—

and much more interesting.” Even activities that 

can be done alone, such as experiencing the toilet 

water fountain or measuring reaction time to sensory 

stimulus, are more fun when done with a partner. 

Interestingly, because of the Exploratorium’s 

development process—exhibits are prototyped and 

released in groups over a long period of time—

Thogersen didn’t realize that about 

half of the activities were designed 

for more than one person until af-

ter the whole exhibition had been 

completed. “We noticed it more 

in retrospect,” Thogersen admits. 

“It just kept happening, probably 

because it turned out to be the 

best way to explore something as 

abstract as the mind.”

Looking ahead, Thogersen 

and his colleagues are always 

thinking about innovative ways to 

design exhibits that elicit strong re-

sponses and bring about learning. 

The possibility of using computer 

visualizations to model phenomena 

that can’t be shown, such as the to-

pography of the San Francisco Bay, 

is one new intriguing idea. This exhibit is currently 

on display. To introduce an element of interactivity, 

visitors are asked to use the cursor to drop a virtual 

can into the bay and then observe how far and in 

what direction the currents carry it. Visitors can drop 

the cans anywhere in the bay to compare currents, 

or they can drop in a whole flotilla to see how small 

differences in initial placement eventually bring the 

cans to very different places.

Aware that there is room for improvement, 

Thogersen acknowledges that finding new ways to 

excite visitors is an ongoing challenge. “We’re always 

stretching ourselves out of our comfort zone to push 

ways to bring about engagement,” he says. “We’re 

always looking for ways to show visitors really cool 

things that can happen.”14

At the Startle Station, visitors can see their own reac-
tions when a balloon explodes nearby.
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Like the designers of Cell Lab, Thogersen’s team also considered ways to 
spur learning in developing The Mind exhibition. In doing so, this exhibition 
illustrates the effectiveness of displaying concepts in multiple ways and creating a 
unique set of interactive activities. 

While exploring The Mind, visitors were stimulated by the variety of options 
available to them (Strand 1). As they engaged with individual exhibits, they were 
introduced to content knowledge, some of which was probably new to many 
(Strand 2).

One of the most interesting features of this exhibition is the way it became a 
social process, largely because many of the stations were designed for two people. 
What’s more, Thogersen noted that the learning was even more powerful if the 
two people knew each other. The importance of the social nature of learning is 
explored in more detail in the next chapter. 

Both of these examples illustrate how science museums have incorporated 
strategies that are supported by research to develop experiences that foster learn-
ing. These same strategies can be put to use in programs, which continue over an 
extended period of time. In fact, experiences that occur over a longer period of 
time can provide opportunities to encourage learning across the six strands. 

The following case study illustrates the learning that occurs in the context of 
a program. This experience involves teens working with younger children as part 
of a program at the St. Louis Science Center.
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everyday SCIENCE  

 A group of teens from the St. Louis Science Center 

surveyed a large room in a homeless shelter. As 

participants in a program called “Teenage Designers 

of Learning Spaces,” the teens were trying to figure 

out how to transform the space into an area in which 

young children, residents of the shelter, could learn 

more about botany. 

The teens faced many obstacles. The room was 

dark, although there was a set of French doors lead-

ing to a patio. While they considered growing plants 

on the patio, they quickly noticed that it was structur-

ally unsound, making it impossible for the kids to go 

out there. But light did shine through from the patio. 

Working together, the teens came up with an 

ingenious idea: They took a clear shoe bag and hung 

it on the door. In each pocket, they planted a differ-

ent kind of flower. Then they developed a field guide 

to explain the parts of plants and what the plants 

needed to grow. 

“The results were amazing,” explains Diane 

Miller, vice president of education at the St. Louis 

Science Center and director of the project. “Flowers 

were growing everywhere. Everyone—staff, the 

teens, and the young residents of the shelter—

couldn’t believe that what was once a bulb was now 

a tulip. And they also learned that it’s a good thing 

to get dirty sometimes. You can touch dirt, you can 

grow plants, be fascinated by it.”

No one was prouder of their success in grow-

ing plants than the teens themselves. They had 

been working toward this goal for quite a while. 

For 2 years, they went to the science center every 

Saturday during the school year and every day during 

the summer as part of the program. They learned 

how to conduct scientific investigations and acquired 

other skills they would need to work with younger 

kids and to modify their assigned spaces to get the 

best results. Their persistence and hard work paid off. 

Science Learning 
Among Kids of All Ages
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Not only were the spaces now suitable for science, but 

by the end of the program, most of the teens were 

headed to college. Before participating, more than 

half had been D or F students. 

What had made the difference? How had this 

program resulted in such a marked transformation in 

so many students?

“We broke through the barriers they had to 

learning,” explains Miller. “We figured out that one 

of the biggest deficits was a lack of experience with 

the natural world. We set out to fill in those gaps by 

providing the kids with real-world problems and the 

opportunity to solve them by working together. When 

they became comfortable, then they could learn.”

Being comfortable with one another and 

with science allowed participants to learn from suc-

cesses as well as challenges. Most of the teens in the 

program had never had a pet, so they decided they 

wanted to purchase a fish tank. But after setting it 

up, it didn’t take long for all the fish to die. 

“What happened?” the kids wanted to know. 

“Why did all the fish die?” While providing guidance, 

Miller and her colleagues encouraged the teens to 

find the answers on their own, in any way they could. 

So they read about the problem in books and on 

the Web, and they discovered that many  variables—

including water temperature, the composition of 

the water, the diet of the fish, and the amount of 

waste (ammonia) the fish produce—contribute to 

the health of the fish population. They collected data 

about their own fish and uncovered the reason for 

their  demise: the ammonia level in the tank was too 

high. By changing the water more frequently, the kids 

could prevent this from happening again. 

“Once students have an experience like this, 

when they see that they can solve a problem they 

find compelling, the first major barrier is removed,” 

explains Miller. “From that point, they become inter-

ested and motivated to develop the skills they need 

to become thinkers and problem solvers.” 

To assess each student’s progress, Miller and her 

colleagues asked students to demonstrate what they 

had learned, often by asking each student to develop 

a work product. For example, to explain their think-

ing about the design of a learning space, students 

produced detailed drawings illustrating each design 

element. Then each student gave a presentation 

about his or her design. “Their presentations were 

very articulate,” says Miller. “They revealed that the 

kids were not mimicking what someone else had said. 

They had internalized what they were describing.” 

But perhaps most significant of all, as a result 

of these experiences, the teens felt differently about 

themselves. Not only could they solve problems, they 

could solve scientific problems. “In our culture, if you 

can do science, then you must be really smart,” says 

Miller. “If you can do science, you can do anything. 

By uncovering the hidden scientist in each student, 

their identity changed, from nonlearner to learner.” 

As part of the assessment, one of the teens 

in the program described this transformation in his 

own words. “I was misdiagnosed,” he concluded. “I 

was told I was stupid, but if I can teach at a science 

center, I must be smart.”15
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Supporting Learning

The participants in “Teenage Designers of Learning Spaces” faced a different 
challenge than visitors to the two museum exhibits described earlier. They lacked 
experience with the natural world and had not had opportunities to explore natu-
ral phenomena and develop rich, intuitive ideas about them.

After defining the reason why learning had been difficult for this group, 
Miller and her team discovered the way to connect with the teens—by asking 
them to find a compelling real-world problem, which they worked on together 
to solve. The problem highlighted in the case study was figuring out why their 
goldfish died. Rather than telling the teens the answer, Miller encouraged them to 
find out what happened on their own. They talked among themselves, read books, 
and surfed the Internet until they learned what fish need to survive and what was 
lacking in the environment they had created for their fish. As discussed earlier, 
research has found that learning through multiple channels—books, the Web, and 
conversation—tends to support flexible transfer of knowledge. This approach also 
proved to be so empowering that it set the teens on a path to further learning. 
After learning the tools and vocabulary of science (Strand 5), they were ready to 
ask more questions and find new ways to answer them. 

Although the teens were novices, they used some metacognitive strategies 
to find the answer to their problem. They took notes as they did their research, 
which was conducted in different modalities (books and the Web). Then, through 
a process of elimination based on acquired knowledge, they determined which 
variable (an excess amount of ammonia) was causing the fish to die. Once they 
knew what the problem was, they had no trouble coming up with a solution—
changing the water more frequently. 

Two factors determined the amount of learning that took place—time and 
the quality of the teaching available. Programs represent informal learning experi-
ences that take place over a longer period of time; in this case, it was over a peri-
od of 2 years. Miller and her team took advantage of the time they had to work 
closely with the teens, getting to know them and finding ways to remove barriers 
to learning. 
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LEARNING THROUGH MEDIA

In the previous case studies, we illustrated how the principles of learning were 
used to design two museum exhibitions and one long-term program. Learning 
through media requires some different design strategies, although the basic learn-
ing principles still apply. Television producers of educational experiences with a 
focus on science cannot provide viewers the opportunity to interact directly with 
actual phenomena. Instead, their challenge is to find another approach to make 
science experiences come alive. So they opt for the next best thing—showing 
viewers what scientific investigations look like, which they call “interactivity.” In 
fact, they describe their job as “telling a story about science inquiry”; the possibil-
ity for interactivity lies in reproducing the process at home, with support poten-
tially available from the Internet. To encourage this to happen, producers strive 
to develop accompanying activities that use the best design principles in informal 
learning. Such supplementary learning experiences (often supported by an interac-
tive website) have become the norm for television documentaries, IMAX movies, 
and planetarium shows.

The next case study describes the storytelling devices unique to this medium 
that producers rely on to encourage science learning. The case study is followed 
by a discussion of the learning that results after elementary school students watch 
an episode of DragonflyTV: Going Places in Science, which is produced by Twin 
Cities Public Television. 

“Learning through media requires some different design 

strategies, although the basic learning principles still apply.

”
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everyday SCIENCE  

DragonflyTV (DFTV) is committed to showing “real 

kids doing real science,” and the show lives up to 

its promise. To help make the science come alive 

even more, during seasons V and VI (2005-2007), 

DragonflyTV producers partnered with science 

centers to show viewers at home how such centers 

can be a place to go to help them explore science. 

Each episode begins with a science question raised 

by the student investigators on the show. The view-

ers watch the investigators use the science centers’ 

resources to answer it, taking advantage of a link 

between two informal science platforms. The hope is 

that the viewers will realize that they, too, can turn 

to a local science center to answer their questions 

about science. 

A quick look at any of the episodes shows kids 

having fun and engaging in a full cycle of inquiry. 

For example, take the episode titled “Balloons.” Two 

boys go to Explora!, a science center in Albuquerque, 

New Mexico, where they pose the following ques-

tion: How large does a hot air balloon need to be 

in order to stay in the air? Carefully and methodi-

cally, the boys go about trying to answer this ques-

tion. First, they measure the air temperature so that 

they can be sure that this variable remains the same 

through all three trials. Then the young scientists 

build three model balloons of different sizes and test 

how much weight they can lift by putting pennies in 

their baskets and launching them. Next, they figure 

out the volume and weight of each balloon. 

At the end of each 

trial, the boys write down 

how they performed the 

calculations. The episode 

ends with a trip to the 

Albuquerque Hot Air Balloon 

Festival, where the investiga-

tors did some more science 

(predicted and measured 

the capacity of an actual 

balloon) and then had the 

ultimate experience—a ride 

in a real hot air balloon. 

How DragonflyTV 
Fosters Learning

The science investigators con-
sider how to construct a model 
balloon.
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What Did Viewers at Home Learn?

The boys onscreen learned that the more passengers 

a hot air balloon needed to carry, the greater its vol-

ume needed to be. This information was made clear 

to them through the series of investigations they 

conducted. The viewers at home, however, did not 

have this opportunity. Despite that limitation, were 

they able to grasp the main ideas being conveyed 

during the episode? 

Alice Apley, a researcher with RMC Research 

Corporation, conducted an evaluation to try to 

answer this question. Working with 174 fourth and 

fifth graders from a range of socioeconomic back-

grounds in Massachusetts and New Mexico, Apley 

first wanted to find out what the students remem-

bered from the episode. For example, did they 

understand what the investigation was about? 

Did they recall the steps of the investigation and 

the kinds of data that were collected? 

After conducting extensive interviews with 

the students, Apley found that the viewers were 

able to answer these questions easily: 61 percent 

could accurately explain the point of the investiga-

tion. Some students described it in terms of the size 

and weight of the balloon: “trying to learn how 

balloons carry weight, how it can stay in the air,” 

“how the balloons float in the air, how big it has to 

be to float,” and “how they flew and which size flew 

better.” Other students responded in a more general 

way, saying that the inquiry was about how hot air 

balloons fly and stay in the air. 

An impressive 90 percent of the viewers 

understood that the teen investigators were testing 

balloons of different sizes and/or weights to deter-

mine how well they stayed in the air. One student 

The onscreen cues help viewers at home better  
understand how the boys conducted their 
investigation.
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said that “first they try to put hot air in different size 

plastic bags, but when the plastic bags melted, they 

decided to make balloons with the tissue paper. They 

made baskets and added pennies to see if the bal-

loons would go up still.” And 54 percent understood 

that balloon size was measured in order to calculate 

volume, which they expressed as follows: “They mea-

sured the tissue paper to see how big the balloon 

was and how much hot air would go into it.” 

Overall, almost all of the viewers (93 percent) 

picked up the main point: balloon size must increase 

to lift more weight. One viewer expressed this idea 

as follows: “Make the balloon bigger and bigger 

volume for more passengers.” 	

What Features of the Show 
Helped Students Learn?	

One of the goals of the study was to try to figure out 

which storytelling devices were the most successful 

in facilitating learning. Apley considered the pace of 

the episode, its visual appeal, the presentation of the 

inquiry question, and the use of graphics. 

Students noted that they liked “Balloons.” 

because the segment “did not go too fast.” Students 

also said that they enjoyed the boys’ approach to the 

problem, characterized by their decision to follow 

a sequence of tests, adding a new variable at each 

stage. Perhaps one reason viewers liked this ap-

proach was that the experimental procedure was re-

peated several times, giving them an opportunity to 

participate and watch as the drama unfolded. At the 

same time, the episode stayed interesting because a 

new variable was introduced with each new trial. The 

segment concluded with a recap of the relationship 

between balloon size and the weight it can lift—a 

summary device that helped solidify learning. 

One lesson to be learned from this study is to 

pay close attention to the way the inquiry is presented. 

A clear explanation up front, an interesting question, 

followed by a logical sequence of investigations, with 

some repetition to reinforce the main ideas, are 

storytelling devices that have proven to be effective. A 

straightforward conclusion, in which the ideas are 

recapped and summarized, also is helpful. “The trial-

and-error approach was engaging for kids,” says 

Apley. “The kids could follow along with each trial, 

participating in the drama. It made sense to build a 

balloon, measure it, and then watch it fly.”16 

This case shows that while television shows (or 

films) cannot use true interactivity to support learn-

ing, they can be designed in ways that successfully 

support learning. In the DragonflyTV example, the 

compelling narrative and the viewers’ potential abil-

ity to imagine themselves in the role of the boys car-

rying out the investigations kept viewers engaged. 

The step-by-step unfolding of the investigation prob-

ably helped viewers to think actively about what was 

happening and reflect on the results. One important 

point: although the specific design options available 

across different settings and experiences may vary, 

the underlying principles of how people learn do not 

change fundamentally.
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O  O  O
Research on the elements of learning discussed in this chapter—expertise develop-
ment, building on prior knowledge, and metacognition—suggests that program 
and exhibit developers should provide multiple ways for learners to engage with 
concepts, practices, and phenomena in a particular setting. In addition, the experi-
ences should prompt and support participants to connect their learning experienc-
es to their own prior knowledge, experiences, and interests. Because learners are 
diverse, bringing to the informal setting a range of interests and motivations, it is 
important to create an experience that is multifaceted, interactive, and developed 
in light of science-specific learning goals. 

Continuing with our discussion about how research informs practices in 
informal settings, Chapter 4 focuses on the social aspects of learning. By designing 
environments that encourage conversation and support mediation among learn-
ers, informal science educators can help their visitors gain deeper knowledge from 
even one experience and enjoy themselves more in the process. 

	

Things to Try

To apply the ideas presented in this chapter to informal settings, consider the 
following: 

•	 Think about the balance between interactive and noninteractive learning oppor-
tunities in your setting. Research supports interactivity as a way to engage visi-
tors and audiences with the informal experience and support various modes 
of learning. Does interactivity support the learning goals of your setting? If so, 
are there relatively simple, inexpensive ways to make some of these experiences 
more interactive? 

•	 Consider how the research discussed in this chapter could help inform program 
or exhibit design. For example, are there ways to provide more pathways to 
learning in your setting? Are prompts, such as labels, signs, and audio guides, 
available? Are there opportunities to support and encourage learners to extend 
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their learning over time or across settings? Do your experiences invite re-
engagement or repeat visits? 

•	 Build relationships with neighboring venues. Contact nearby informal learn-
ing science environments to discuss common design issues. Is there a way to 
pool resources to provide visitors with a unique experience that invites them to 
seek out more in your or other settings? Are connections being made between 
the current experience and potential future ones? Are there resources for visi-
tors or audiences that summarize all of the local offerings in a comprehensive 
way? Are there additional resources such as traveling exhibitions that could be 
brought in to augment the offerings of the setting? These strategies can help 
facilitate science learning across multiple settings.
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4Learning with and from Others 

One of the first stops at the Exploratorium’s Frogs exhibition is a large open tank 
with a small stream, a stony beach, and dense vegetation. At first glance, the tank 
appears to be empty, causing visitors to pause and wonder why the Exploratorium 
would put an empty tank on display. But after looking at it for a while, visitors 
notice that frogs and toads do in fact live inside. It is because these animals are 
nocturnal that they are so difficult to see during the day.

This process of puzzlement, surprise, and discovery brings about animated 
conversation. Below is a sample of the reactions of a child and an adult: 	

Child: I don’t see that many frogs there.
Adult: Do you see any at all? I don’t see any at all.
Child: I don’t see any. I don’t see any frogs. Do you see them?
Adult: Does anybody see any frogs?
Child: I don’t see any.
Adult: I don’t see any frogs.
Child: I don’t see them either. Maybe they’re hiding.
Adult: No, I don’t see any. OK.
Child: I see that one, frogs and toads. Do you see that one?
Adult: Is that a real one?
Child: Yes, that’s a real one.
Adult: Looks like a big one, my heaven.
Child: Is that a toad?
Adult: Yes, I guess that would be a toad. It’s sort of on dry land.
Child: It’s a pretty one. There’s only one in there.
Adult: That’s true. They’re really wonderful to touch. They have this . . . 
Child: I only touched a frog once.
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Adult: I know, it’s kind of slippery.
Child: They’re hard to hang on to.
Adult: Yea, they’re hard to hang on to. But it’s like touching a live, well it is touching 
a live creature that ordinarily isn’t used to being touched, like a cat or dog.
Child: That’s a pretty, that’s a beautiful frog.1 

Reactions like these, showing curiosity, discovery, and personal responses to 
an informal science experience, are what museum designers are striving for. These 
responses reflect Strand 1, and they are essential to the learning process. 

In this chapter we explore how interaction with other people plays a role in 
learning. There are converging reasons to look at learning from and with others 
as a foundational part of the whole process of science learning. First, individual 
learning is supported through interaction with more knowledgeable others and 

through a dynamic exchange of ideas 
and reflection. Second, as highlighted in 
Strand 5, science itself involves special-
ized norms for interacting and special-
ized forms of language. Learning science 
therefore involves learning those norms 
and language. Third, people very often 
participate in informal science learning 
experiences with other people. Therefore, 
the experiences should be designed with 
groups in mind and in a way that capital-
izes on opportunities to engage with other 
people.

Parents, adult caregivers, peers, 
educators, facilitators, and mentors play 
critical roles in supporting science learning. 
There is ample evidence that children and 

adults reason about issues that are important to them while interacting with other 
people. Studies of dinner table conversations, visits to the zoo, and other everyday 
activities have uncovered rich conversations on a myriad of scientific topics and 
using scientific forms of discourse.2 Families of all backgrounds engage in everyday 
conversations about a broad range of topics, including physics, biology, politics, 
and religion.3 Through these kinds of interactions, children engage with others in 
questioning, explaining, making predictions, and evaluating evidence.4 Thus, in a 
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variety of ways, including family activities and conversation, children may begin to 
learn about topics that are relevant to science, even when “learning science” is not 
an explicit goal of the activity.5 

As an example, consider the case of watching television. Although most peo-
ple think of watching television as a solitary activity, when adults or older siblings 
become involved, the activity can become social, conversational—and more pro-
ductive. A study with 23 3- and 4-year-old white, middle-class children conducted 
by Robert Reiser and his colleagues focused on the value of adult-facilitated ses-
sions of Sesame Street.6 During the show, the adults in the experimental group 
intervened and asked the children to name the letters and numbers shown on the 
screen, while the control group did not have such conversations. Three days later, 
the children in the experimental group were better able to name the letters and 
numbers, suggesting that adult involvement can support learning.

In another study, Margaret Haefner and Ellen Wartella, both researchers in 
communications studies, found that older siblings could help their younger broth-
ers and sisters understand plot elements in educational programming. Through 
explanations and laughter, “older children did influence the younger children’s 
general evaluations of the program characters.”7 Even though these studies were 
not on science programming, their results suggest that active engagement during 
viewing could have a positive impact for science learning as well. Even an intrin-
sically passive medium such as television can become interactive when a social, 
conversational element is introduced. Through conversation and questioning, the 
ideas embedded in television programs can resonate for young viewers. 

Older children and adults also benefit from interaction with others. In group 
interactions during museum visits, individuals with more knowledge about a par-
ticular exhibit may play an important role in facilitating the learning of others by 
pointing out critical elements or information and by providing input and structure 
for a more focused discussion of science.8 In a small study of an exhibit about glass, 
adults with high prior knowledge and interest in glass tended to discuss how or why 
something happened more often than those with less prior knowledge or interest.9 

In another example from the museum context, visitors’ activities at an exhibit were 
affected by other visitors’ behavior, even when the other visitors are strangers. In 
one study, adult visitors in particular were more likely to touch or manipulate an 
exhibit if they had previously witnessed a person silently modeling these behaviors.10

The importance of more knowledgeable others is reflected in the roles of 
mentors or scientists in many informal experiences. In citizen-science experiences, 
for example, the relationship between the scientists and volunteers is critical to the 
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volunteers’ learning. In the citizen-science case study in Chapter 2 (the Cornell Lab 
of Ornithology), volunteers learned so much from their mentors that they developed 
enough expertise to contribute to scientific journals. Similar relationships between 
experts and novices are important elements of many after-school programs. For 
example, in a program called “Service at Salado,” middle school students, under-
graduate student mentors, and university-based scientists worked together to learn 
about an urban riverbed habitat through classroom lessons and service and learning 
activities. At the end of the program the undergraduate mentors worked with the 
middle school students on products to benefit the urban riverbed habitat.11

In The Mind exhibition described in Chapter 3, museum designer Thogersen 
discovered that social interaction was key to learning about a concept as abstract 
as the mind. He notes that two friends could “prod the mind of the other,” creat-
ing a powerful learning experience for both visitors. Similarly, the benches at Cell 
Lab are organized in such a way to encourage dialogue, building on what research 
has confirmed—learning is enhanced through social interactions and conversation. 

CONVERSATIONS AND LANGUAGE

Conversations are a kind of social interaction that has been studied extensively, 
especially in museums and classrooms. Engaging in conversation and discussion 
promotes learning as well as provides a window into the thinking of individuals 
or groups. By listening to what people say, researchers can find out what learn-
ers know and understand, what emotions have been evoked by an experience, 
and what gaps in learning may remain. The importance of discourse in learning is 
broadly acknowledged across a range of subject areas and settings.12 In the class-
room context, researchers have found that successful science education depends on 
the learners’ involvement in forms of communication and reasoning that models 
those of scientific communities.13 There is increasing interest in designing science 
programs, exhibitions, and other informal experiences that explicitly support con-
versation and use of scientific language.

Studying conversation in informal settings poses many challenges. Among 
the challenges are determining appropriate ways to record conversations (for 
example, setting up microphones at selected places throughout the setting versus 
asking visitors to wear microphones), determining where visitors are in the muse-
um while they are talking (some researchers use “trackers” to follow visitors in 
the study to identify their movements), and obtaining clear recordings in a noisy 
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PROVOCATIVE TOPICS, PRODUCTIVE DIALOGUE

In some instances, informal science platforms bring up provocative topics, encouraging 
responses that are revealed through verbal or written discussions. For example, postings 
on websites and blogs, as well as newspaper articles on such topics as genetic testing 
and stem cell research, prod readers to think about, discuss, and write about their own 
views and positions. At the Science Café in Chapter 1, participants were encouraged to 
articulate their own opinions about the scientific evidence related to global warming. 
	 While museum exhibitions often do not give visitors an opportunity to think about 
science in this way, an exception is the Ontario Science Center’s A Question of Truth exhi-
bition. The purpose of the exhibition is to consider the cultural and political influences that 
affect scientific activity. The exhibition focuses on three themes: frames of reference (e.g., 
sun-centered versus earth-centered), bias (concepts of race, eugenics, and intelligence 
testing), and science and community (interviews with diverse groups of scientists). After 
conducting interviews with visitors to this exhibition, Erminia Pedretti found that most of 
them thought the exhibition contributed to their understanding of science and society, 
“applauding the science center’s effort to demystify and deconstruct the practice of sci-
ence while providing a social cultural context.” 
	 For example, a visiting student commented, “The exhibit makes us think a lot about 
our beliefs and why we think in certain ways. . . . I didn’t think that the gene that affects 
the color of your skin was so small and unimportant. Most people don’t think of things like 
that.” Another student challenged the view of science as being amoral: “We view science 
as often being separate from morals, and it’s kind of negative because it allows them to do 
all sorts of things like altering human life, and it may not necessarily be beneficial to our 
society. . . . Some scientists are saying, should we actually be doing this?”
	 According to Pedretti, such comments indicate that exhibitions like these are en-
couraging visitors to reflect on the processes of science, politics, and personal beliefs and 
articulate their views. They achieve this goal by personalizing the subject matter, evoking 
emotion, and stimulating debate through the presentation of information from multiple 
perspectives.14
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environment with notoriously poor acoustics. Transcribing the conversations, the 
next step in the process, is difficult, time-consuming, and expensive. 

The most demanding part of such a study by far, however, is interpreting 
what the conversations mean. Sue Allen, a researcher at the Exploratorium, points 
out that not only is the museum environment dense and complex, but also many 
variables can influence what visitors say and don’t say. For example, visitors come 
from different backgrounds and bring to the visit a range of experiences and vary-
ing levels of interest in science, along with diverse attitudes, expectations, group 
dynamics, and even energy and comfort levels. In addition, aspects of the physical 
space (lighting and ambient noise, for example), as well as issues related to the 
design of the exhibit—height, coloration, physical accessibility, interface, display 
style, label content, and tone—must be taken into account.

Despite these challenges, Allen and other researchers have been able to iden-
tify features of conversation that reveal specific kinds of learning. These studies 
provide insight into participants’ thinking and ideas about how informal experi-
ences can be designed to facilitate learning with and from others. 

“By listening to what people say, researchers can find out 

what learners know and understand, what emotions have been evoked 

by an experience, and what gaps in learning may remain.

”
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everyday SCIENCE  

When Exploratorium staff members set out to 

develop and design the Frogs exhibition, they had 

multiple goals. They wanted to create something 

beautiful, intriguing, and informative for their 

diverse audience while also presenting scientific in-

formation and engendering respect and appreciation 

for the animals. 

To realize these goals, the exhibition turned 

out to be quite extensive. It included an introductory 

area that explained the development of frogs and 

toads, a section on eating (and being eaten), frog 

and toad calls, amphibian anatomy, a close-up obser-

vation area, a section showing adaptations, a section 

discussing the declining status of frogs worldwide, 

and a section on frog locomotion. 

In order to explore these varied topics, the 

final exhibition included an unusually diverse range 

of exhibit types. Among the offerings were interac-

tive exhibits (10); terrariums of live frogs and toads 

(23); cases of cultural artifacts (5); samples of maps, 

excerpts from children’s books, and examples of frog 

folklore (18); cases of organic materials (3); videos 

of frogs (3); windows to the Frog Lab, where frogs 

could rest and breed (2); and an immersion experi-

ence of sitting on a “back porch” at night listening 

to the calls of frogs. 

In trying to understand the kinds of conversa-

tions people (groups of two were selected for the 

study) engaged in at the exhibition and what they 

revealed about learning, a coding system was devel-

oped that distinguished five overall categories for 

talk: perceptual, conceptual, connecting, strategic, 

and affective.

Perceptual Talk 

 Allen coined the term “perceptual talk” to describe 

the process of identifying and sharing what is sig-

nificant in a complex environment. She defined four 

subcategories that describe the process of sharing 

one’s immediate experience in more detail:

• Identification of something to attend to without 

using a formal name, reflected in such comments 

as, “Oh, look at this guy,” and “There’s a tube.” 

• Naming something to attend to, such as an object 

or an interesting part of the exhibit: “Oh, it’s a 

Golden Frog.” 

Listening to Conversations 
at the Frogs Exhibition



Copyright © National Academy of Sciences. All rights reserved.

Surrounded by Science: Learning Science in Informal Environments

SURROUNDED BY SCIENCE70

• Pointing out a feature, or making note of some 

concrete aspect or property of the exhibit, such 

as, “Check out the bump on his head,” or “That’s 

loud, huh?” 

• Quoting from a label, such as “Let’s see what it 

says. The difference between frogs and toads . . . 

toads live where it’s drier. Frogs live in wet places. 

There’s a toad in that tank, supposed to be.” 

The results showed that perceptual talk occurs 

at 70 percent of the exhibit types, making it the type 

of conversation heard most frequently. 

Conceptual Talk

This category covered simple inferences, such as a sin-

gle interpretive statement or interpretation (“They 

eat mice,” someone said after seeing a jar contain-

ing a mouse in a display of frog food), and complex 

inferences, which refer to any generalizations about 

the exhibition or hypotheses about the relationship 

between objects or properties. 

The Frogs tank, described in the beginning of 

the chapter, turned out to evoke complex inferences 

most frequently. In addition to searching for the 17 

kinds of nocturnal marine toads living in the tank, 

visitors developed hypotheses for why the toads 

might not be visible. The following short conversa-

tion is an example of visitors’ thinking: 

Visitor 1:  Would they bury themselves? 

Visitor 2:  Perhaps, yeah, or they may really be  

   camouflaged, too. 

Visitor 1:   Maybe it’s just showing where they  

   live. 

Visitor 2:   Something must be under here  

   because, see, the water is moving. 
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Exchanges like these indicate that the mystery 

surrounding the tank was worthy of conversation 

and discussion. According to Allen, this feature of the 

exhibit “facilitated learning in an unexpected but 

fruitful manner.” Allen found that conceptual talk, 

which is the kind of evidence of learning that museum 

professionals want to see but often don’t, occurred at 

56 percent of the exhibit types. 

Also in this category is metacognition, the abil-

ity to reflect on one’s own knowledge and learning. 

These kinds of comments reveal what visitors notice 

as they peruse an exhibit and how their observations 

confirm or contradict what they already know. At the 

Frogs exhibition, a video piece called “Mealtime,” 

which showed frogs catching and eating their food, 

caught visitors by surprise, leading to such comments 

as, “I never would have believed . . .“ or “I didn’t 

realize they got them with their tongue.” 

Connecting Talk

This kind of talk refers to connections made be-

tween an exhibit and a personal association (“Yeah, 

my grandmother loves to collect stuff with frogs 

all over it”); an exhibit and prior knowledge (“In 

Florida, the dogs eat poisonous toads and die”); and 

between two exhibits (“That’s what I said. It eats 

anything as long as it fits in its mouth,” referring to 

the label from a previous part of the exhibition). 

At this particular exhibition, the most fre-

quent personal connection was made after viewing 

a graphic representation of a leaf from the children’s 

book Frog and Toad Are Friends. Visitors said the 

following: 

Visitor 1:  Oh, this is, oh, look, it’s Frog and   

  Toad. I remember that one. That was  

  your favorite book when you were  

  little.

Visitor 2: ‘Cos here’s the story, Mom. I used to  

  have these books a lot.

Visitor 1:  Oh you’re right. Oh, you’re exactly  

  right. That’s Toad and Frog.  

Strategic Talk

This category encompasses two areas—how to use 

and manipulate an exhibit (“Okay go down to the 

water . . . and then go towards the back. See that 

little leafy type thing?” [which was said when some-

one was searching for the leaf frog]) and expressions 

of evaluation of one’s own or partner’s performance 

(“I don’t think I did a very good job of it.”). 

Although this kind of talk was heard relatively 

infrequently throughout the exhibition, the one 
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exception was visitors’ responses to an audio-based 

multimedia exhibit of frog calls. After listening, the 

visitors could record their imitations of the calls. 

Visitors comments included much commentary on 

how they did: “You have to do it before the red line 

disappears or it doesn’t record,” and “This was right, 

except I made it too long.”

Allen proposed that several features of this 

particular exhibit probably accounted for the high 

frequency of evaluative talk: high overall appeal of 

the exhibit, a challenging interface to work with, and 

computer-generated graphs that supported visitors’ 

efforts to visually compare their vocalizations with 

the standard frog calls. 

Affective Talk 

This kind of talk refers to emotional responses, such 

as pleasure, displeasure, and intrigue, evoked by an 

exhibit. Overall, about 40 percent of visitors’ re-

sponses were emotional, with the tank of the African 

clawed frog generating the most frequent expres-

sions of pleasure and a dead frog displayed to show 

internal organs generating the most frequent expres-

sions of displeasure. 

Conversation as a Tool to  
Understand Learning

This case study presents a snapshot of what people 

said while exploring the Frogs exhibition and how 

their conversations were categorized and explained. 

Allen notes that “hearing or reading visitors’ com-

plete conversations is a vivid experience that brings 

one right into the arena where real museum learn-

ing occurs. The transcripts are detailed, dense, and 

at times brutally honest, providing readers (be they 

developers, evaluators, or researchers) with a gritty 

sense of what engages and what doesn’t. Personally, 

I found it a striking reminder of the power of choice 

in informal environments: visitors are choosing 

where to spend every second of their time, and ex-

hibits that do not engage or sustain them are quickly 

left behind, however ‘potentially educational’ they 

may be.”15 

Although Allen recognizes the power of this 

method, she also acknowledges how difficult it is 

to collect, transcribe, and interpret the data. She 

concludes, “Analyzing real-time visitor conversations 

in exhibitions is a fertile but costly complement to 

more traditional methods. Its strength is in bringing 

the researcher into the heart of the learning ‘action’ 

of the museum visit, and emphasizing learning as a 

process rather than merely an outcome.”15
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EXPLANATION: A LEARNING TOOL BETWEEN PARENTS AND CHILDREN

Allen provides insights into conversations that occur as pairs of any combination 
(two adults, a parent and a child, a grandparent and a child, for example) explore 
an exhibit. Other researchers have focused on how parents and children interact at 
a museum, with an emphasis on the role of explanation in enhancing the experi-
ence for the child. For example, developmental psychologists Maureen Callanan 
and Jennifer Jipson noted that parents often refer to prior experiences as a way to 
make an exhibit more relevant and meaningful. Overall, when parents mediate the 
exhibit for their children, the experience tends to be more beneficial.16 

A study by Kevin Crowley and his colleagues further illustrates the influence 
of parents on children in informal science learning environments. The researchers 
observed 91 families with children ranging in age from 4 to 8 years old as they 
explored an exhibit at the Children’s Discovery Museum in San Jose, California. 
The exhibit focused on the zoetrope, a device that produces an illusion of action 
from a series of static images. The investigators found that children who engaged 
with their parents during their visit viewed the exhibit with more perceptive eyes. 
Their exploration was “longer, broader, and more focused on relevant compari-
sons” than that of children exploring the exhibit on their own. These results point 
to the key role that parents play in helping children select and identify appropriate 
details.17

In addition, parents who have a background in science may be comfortable 
enough to use an exhibit as a starting point for sharing their knowledge. Below is 
an example of how a father, knowledgeable about simple machines, uses a Pulley 
Table to demonstrate for his son how this device works:

Well, mostly I was explaining to my son what it was doing. Showing that—
for instance, there was one pulley that powered and the difference in putting 
the string on the smaller wheel as compared to the larger wheel, what it does 
to the other wheels. . . . Another boy walked up as well, and so I showed 
them the faster you turn it, the faster it plays, depending on the size of the 
pulley you use will also determine the power.18

Sometimes, however, parents may become too involved in the museum expe-
rience, which may in some ways limit children’s access to cognitively complex 
tasks, as documented by researchers Mary Gleason and Leona Schauble. When 20 
highly educated parents and their children (working in pairs) were asked to design 
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and interpret a series of experimental trials to determine what factors cause a boat 
to be towed quickly through a canal system, the parents became immersed in the 
activity, looking up the results of previous trials and expressing their conclusions 
aloud. Although the parents did support and advance their children’s reasoning, 
they tended to do the more challenging conceptual parts of the activity, while 
delegat ing to the children the logistical components, such as releasing the boat 
into the canal and operating the stopwatch. As a result, it was the parents and not 
the children who made the greater gains in understanding the relationship between 
the boat and the canal system.19 

Other researchers have found that parent-child interaction not only can 
undermine children’s engagement in the more challenging aspect of an activity, but 
also can lead to misinterpretations of underlying phenomena. Parents can be aided 
in facilitating their children’s learning by providing them with good lead-in ques-
tions, parent guides and similar types of resources, support, and guidance.

To examine more closely the dynamic between a parent and a child at a sci-
ence museum, consider the following case study from research conducted by Kevin 
Crowley and Melanie Jacobs at the Pittsburgh Children’s Museum. The case illus-
trates how parent-child teams interact and identifies the different types of rhetori-
cal devices used. 



Copyright © National Academy of Sciences. All rights reserved.

Surrounded by Science: Learning Science in Informal Environments

Learning with and from Others 75

everyday SCIENCE  

When parents take their children to museums, they 

generally try to make the experience as meaningful 

as possible for them. They point out key features, 

read the labels, and engage their child in a conver-

sation about what they are learning. Often, too, 

parents take children to exhibits in subject areas in 

which they have expressed an interest.

Crowley and Jacobs’s study, which comprised 

28 families with children ages 4 to 12, focused on the 

nature of conversation between parents and chil-

dren. This case study highlights one pair—a mother 

and her 4-year-old son. 

In her first session with the researchers, the 

mother told them her family enjoys exploring science 

in a range of informal settings. The family had visited 

the natural history museum more than five times in 

the past year, as well as the local children’s museum, 

the science center, and the zoo. The family also 

watches science-oriented television programs, reads 

books about science, and looks for science websites on 

the Internet. 

The mom and her son began their museum 

visit at a fossil exhibit, which included a table of two 

sets of dinosaur fossils. One set had authentic fossils; 

the second, replicas. Each fossil had a card with infor-

mation about the identity and age of the fossil and 

where it was discovered. 

As the pair set out to explore the fossils, they 

were sitting in front of the fossil replicas. Laid out on 

the table were a dinosaur (Oviraptor) egg, footprint, 

tooth, claw, and coprolite (fossilized feces). The fossil 

that caught the boy’s eye was the Oviraptor egg. 

The following conversation is a vivid illustration of a 

mom working hard to help her son enjoy an exhibit 

and learn from it. 

Boy: This looks like this is an egg. [He turns it over 

a few times in his hands.]

Mom: OK, well this . . . [picks up the card and 

glances at the label. She is using a “teachy” tone, 

which suggests that the boy is probably wrong 

and she is going to correct him and inform him 

what the object actually is.]

Mom: That’s exactly what it is! [She appears 

surprised, speaking quickly in a more natural and 

rising tone of voice while turning to the child and 

patting him on the arm.] How did you know?

Boy: Because it looks like it. [He is smiling and ap-

pears pleased.]

Mom: That’s what it says, see look, egg, egg . . . 

[pointing to the word “egg” on the card each time 

she says it and enunciating the way parents do 

when they are teaching children to read] . . . 

Replica of a dinosaur egg. From the Oviraptor. 

Mom: [Turns gaze away from the card toward 

her child, putting her hand on his shoulder and 

dipping her head so that their faces are closer.] 

A Conversation at the Museum
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Do you have a . . . You have an Oviraptor in your 

game! You know the egg game on your com-

puter? [Mom makes several gestures similar to 

the hunt-and-peck typing that a child might do 

on a computer keyboard.] That’s what it is, an 

Oviraptor.

Mom: [Turns back to the card and points to the 

text on the card. She again starts speaking in her 

“teacher” voice.] And that’s from the Cretaceous 

period. [pause] And that was a really, really long 

time ago.

Throughout this conversation, the mother is 

going back and forth between “teaching” her child 

about the fossil and expressing pride that he is so 

knowledgeable. Her change in tone was particularly 

noticeable before and after she read the first label 

to him. She thought her son was wrong about the 

fossil—which accounted for the “teachy” tone before 

she read the card—but when she realized he was 

right, her voice switched to that of a proud mom. The 

researchers noticed the change in tone from formal to 

informal throughout this pair’s visit to the museum. 

The mother mediated the experience in several 

ways. First, to help her son place this experience in 

context, she reminded him about a dinosaur com-

puter game that he played at home. Second, by “act-

ing out” the way he types, she was giving a physical 

demonstration of the connection she was trying 

to establish to another family learning experience. 

Finally, she also changed some of the words on the 

card to make the explanation easier for a 4-year-old 

to understand. For example, the card had labeled 

the time frame as “Cretaceous Period, approximately 

65 to 135 million years ago.” The mother modified 

this explanation by simply saying that the Cretaceous 

Period was “a really, really long time ago.” 

The researchers noticed these same mediat-

ing strategies among other participants in the study. 

They also observed that other parents discussed 

each fossil’s observable properties, its value and 

authenticity, and its anatomy. In addition, other 

parents made inferences about the size and func-

tion of the dinosaur based on the fossil they were 

examining. 

At the end of each session, all the children 

involved in the study were asked to identify each 

of the nine fossils. To determine whether success in 

completing this task was associated with different 

levels of mediation, the researchers analyzed their 

findings in terms of how many fossils the children 

could identify based on their age and whether their 

parents provided high or low levels of mediation. 

The results indicate that older children (ages 

7-12) found the task of identifying fossils relatively 

easy. But even with this group, the more mediation 

they received, the better they did: children whose 

parents provided a low level of mediation identified 

85 percent of the fossils correctly, and children whose 

parents provided a high level of mediation identified 

all of the fossils correctly. A similar trend was found 

among younger children (ages 4-6).

Based on these data, it appears that higher 

levels of mediation, especially for younger children, 

result in more learning, defined as “the ability to 

identify fossils after going through the exhibit.” 

What’s more, further analysis of the data showed 

that, in particular, identifying what the object is and 

relating it to the child’s past experiences had the 

greatest impact on learning. 

This study makes a strong case for the value 

of parental guidance and mediation during informal 

science experiences. In particular, making connec-

tions to past experiences appears to solidify learning. 

Moving forward, professionals working in informal 

settings, including museums and out-of-school-time 

programs, can consider how to use these findings to 

strengthen the quality of their offerings.20
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ROLES THAT SUPPORT LEARNING

Just as informal settings for learning vary tremendously, so do the practices in 
which facilitators, educators, and parents engage to support it. Even in everyday 
settings, facilitators can enhance learning. For example, a child’s cause-seeking 
“why” questions are an expression of an everyday, intense curiosity about the 
world. Parents, older peers, facilitators, and teachers can and often do support 
these natural expressions of curiosity and sense-making, as revealed through stud-
ies about television watching discussed earlier. Evidence indicates that the more 
support parents and others offer, the greater the possibility that children will learn. 
Though too much guidance may limit learning. Recognizing expressions of curios-
ity and sense-making supports and encourages learning and reinforces learners’ 
efforts (e.g., by listening to learners, helping them inquire into and answer their 
own questions, and involving them in regular activities that place them in contact 
with natural and designed phenomena and scientific concepts). 

Roles that support learning can range from simple, discrete acts of assistance 
to long-term, sustained relationships, collaborations, and apprenticeships. Just 
by interacting with children in everyday routine activities (e.g., preparing din-
ner, gardening, watching television, making health decisions) parents, caretakers, 
and educators are often helping them learn about science. In addition, family and 
social group activities often involve learning and the application of science as part 
of daily routines. Agricultural communities regularly analyze environmental condi-
tions and botanical issues. Even facilitators who are not experts in science (e.g., in 
after-school and community-based programs) can serve as intermediaries to infor-
mal science learning experiences. In some instances, the enthusiasm and assistance 
of a facilitating Girl Scout leader can encourage members of the troop to pursue a 
science badge. 

“Roles that support learning can range from simple, discrete 

acts of assistance to long-term, sustained relationships, collaborations, and 

apprenticeships.

”
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Productive science learning relationships frequently involve sustained indi-
vidual inquiry but also intensive social interaction with interest groups and in men-
toring relationships with experts, as revealed through Diane Miller’s commitment 
to the teens in the program sponsored by the St. Louis Science Center in Chapter 3. 
In some cases, learners may develop a relationship with experts, who help them 
refine their science understanding and skill deliberately over sustained time peri-
ods. Seasoned science enthusiasts may serve as de facto mentors for newcomers in 
hobby groups (e.g., amateur astronomy, gardening). Distributed and varied exper-
tise in groups allows less knowledgeable individuals to interact with more knowl-
edgeable peers and mentors. Frequently, the roles of expert and novice shift back 
and forth over time, on the basis of specific aspects of the inquiry in question. 

O  O  O
Research shows that learning is a social process, heightened by conversation and 
engagement with other people. In designed settings such as museums, studies have 
illustrated how parents and other caregivers can mediate the experience for their 
children, making it more meaningful. With the knowledge that social interactions 
help facilitate learners, designers of informal science experiences can develop activ-
ities that encourage interactivity, discussion, and reflection.

Everyday experiences such as watching television, an intrinsically passive 
experience, can result in more learning when children engage with others in ques-
tioning, explaining, making predictions, and evaluating evidence.21 Thus, in a vari-
ety of ways, including family social activities and conversation, children may begin 
to learn about topics that are relevant to science, even when learning science is not 
an explicit goal of the activity.22

In the next chapter, we focus more closely on the interest and motivations 
that learners bring to each informal science experience. Understanding how these 
variables impact learning can lead educators to develop more compelling exhibits, 
activities, or programs.
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Things to Try

To apply the ideas presented in this chapter to informal settings, consider the 
following: 

•	 Is there an informal way to “listen in” to the kinds of conversations people are 
having in your setting? If so, pay attention to what they focus on. Are they 
revealing how social interaction enhances learning or how parents and other 
caregivers can mediate an experience for children? 

•	 Have you noticed that one type of exhibit or experience seems to elicit more 
conversation than others? If so, is there a way to incorporate those features 
into other exhibits? 

•	 A graphic representation from Frog and Toad Are Friends elicited a strong 
response from exhibit visitors. Are there ways to include artifacts from popular 
culture in your setting that would be recognizable to large numbers of people 
and could stimulate personally meaningful conversation? 

•	 Are there tools in place to help parents and other caregivers mediate the experi-
ence for their children? Are the objects clearly labeled, with easy-to-read expla-
nations? Are there guides for caregivers to help them deepen the experience 
of their children? Does the layout of the experience make it easy for adults to 
discuss the exhibit’s ideas with their children? Is it possible to have staff people 
available to help parents engage in conversation with their children?

•	 Are experiences in your setting designed to be explored together? In programs, 
is interaction with other people an integral part of the experience? In exhibits, 
is there enough room for groups to explore? If an exhibit is designed for one 
user or visitor, can others observe and engage in other ways, such as through 
conversations? In programs, is cooperation and collaboration made part of the 
experience itself? Does the experience encourage group reflection, conversation, 
joint problem solving, and other forms of social interaction and cooperation? 
Are these experiences designed to elicit learning about the others in a group 
and thereby allow for strengthening interpersonal relationships?
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5Interest and Motivation: Steps Toward  
			   Building a Science Identity 

The lights dim in the dome-shaped theatre at the Tech Museum in San Jose, 
California. Viewers are waiting for Coral Reef Adventure to begin. The movie 
unfolds, showing the beauty of the coral reef and explaining why this delicate eco-
system is endangered. The audience is quiet, moved by the cinematic experience.

For the moment, many people are ready to learn more about this environ-
ment and take action to protect it. But after the movie ends, the music dies down, 
and the lights come on, what do people take away from the experience? Do they 
have a greater understanding of the topic? Are they poised to become environmen-
tal activists?

To try to answer these questions, evaluators conducted interviews with 
28 people (15 from the Tech Museum and 13 from the Science Museum of 
Minnesota) immediately after they watched Coral Reef Adventure and 3 months 
later. Although the study sample was small, the results reveal the potential power 
of this medium.

Most of the 28 respondents reported that right after seeing the film they 
talked about it with each other and recommended it to their friends and family. 
But perhaps what is even more interesting is that 3 months later, 23 of the 28 
people interviewed noted that the film had a lasting effect.

“I’ve definitely thought about how coral reefs are endangered. The film made 
a strong impression on my thinking about the ocean environment.” 

 
“It reinforced my concerns about the environment and conservation. Most 
people don’t realize what’s happening. They should see this film.”
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“We [my wife and I] did a couple of things. One, we were motivated to locate 
a site on the Internet about helping to preserve the marine environment. We 
also became members of the Monterey Bay Aquarium. As active participants 
in a study group at the aquarium we’ve learned more about why those trees 
are beneficial to the coral reef. We’ve also become members of The Tech 
[Museum in San Jose]. Thanks for making such a wonderful film.”

These results are corroborated by an evaluation of Dolphins, another IMAX 
film. According to researcher Barbara Flagg, 3 months after viewing this film, about 
20 percent of the interviewed sample reported that they had taken action related to 
preserving the ocean environment. One respondent said that “we’ve joined a group 
that regularly goes down to the beaches to help clean them up.”

Based on these findings, it appears that IMAX films can spark interest in a 
topic and, in some cases, motivate viewers to learn more or to take action. These 
films are an example of what informal science venues can do to bring in crowds 
and generate excitement about science.1 

THE ROLE OF INTEREST IN INFORMAL ENVIRONMENTS

Informal environments are often characterized by people’s excitement, interest, 
and motivation to engage in activities that promote learning about the natural and 
physical world. Typically, participants have a choice or a role in determining what 
is learned, when it is learned, and even how it is learned.2 These environments 
are also designed to be safe and to encourage exploration, supporting interactions 
with people and materials that arise from curiosity and are free of the perfor-
mance demands that people often encounter in school.3 

Interest, as described in Strand 1, includes the excitement, wonder, and sur-
prise that learners may experience and the knowledge and values that make the 
experience relevant and meaningful. Recent research on the relationship between 
affect and learning shows that the emotions associated with interest are a major 
factor in thinking and learning. Not only do emotions help people learn, but they 
also help determine what is retained and how long it is remembered.4 In addition, 
interest is an important filter for selecting and focusing on relevant information 
in a complex environment.5 People pay attention to the things that interest them; 
hence, interest can drive what is learned.
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This finding has been borne out in several studies focusing on conservation; 
these studies indicate that an individual’s prior interest and involvement in conser-
vation may serve as a better predictor of their responses and actions than typical 
demographic variables, such as age, gender, ethnicity, or education. Visitors with 
high interest in conservation stopped at more of the exhibits in a conservation-
themed aquarium exhibition,6 and zoo visitors’ emotional responses to animals 
were more closely associated with emotional or personality variables7 than demo-
graphic variables.

People with an interest in science are likely to be motivated learners in sci-
ence; they are more likely to seek out challenge and difficulty, use effective learning 
strategies, and make use of feedback.8 These behaviors help learners continue to 
develop interest, further engaging in activities that promote enjoyment and learning. 
People who come to informal environments with developed interests are likely to set 
goals, self-regulate, and exert effort easily in the domains of their interests, and these 
behaviors often come to be habits, supporting their ongoing engagement.9

Cultivating interest and motivation is a high priority for many informal science 
educators and has been explored and documented extensively in research, evalua-
tions, and the accounts of practitioners. Many experiences are designed to capture 
and sustain participants’ interest. There is evidence that the availability or existence 
of stimulating, attractive learning environments can generate the interest that leads to 
participation.10 In fact, interactivity, which was discussed extensively in Chapter 3, 
may be useful in part because it generates and holds participants’ interest. 

There are many research-based frameworks for understanding interest and 
motivation and the role they play in the learning process. One such framework 
intended to enhance the quality of museum exhibits was developed by museum 
evaluator Deborah L. Perry.11 The model has six components:

1.	 Curiosity—The visitor is surprised and intrigued.
2.	 Confidence—The visitor has a sense of competence.
3.	 Challenge—The visitor perceives that there is something to work toward.
4.	 Control—The visitor has a sense of self-determination and control.
5.	 Play—The visitor experiences sensory enjoyment and playfulness.
6.	 Communication—The visitor engages in meaningful social interaction.

	
The following case study drawn from Perry’s work with the Children’s 

Museum of Indianapolis suggests how the model can be applied to exhibit design. 
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everyday SCIENCE  
Building Exhibits Based 
on the Motivation Model

Several years ago, the Indianapolis Children’s 

Museum created an exhibit about color and light. 

Intrigued with the exhibit, Deborah Perry conducted 

research and then created another exhibit called The 

Color Connection: Making Colored Lights. The idea 

was to use colored lights to show how they overlap 

to make white light. This was done by shining red, 

Making hand shadows on the light table was part of 
the fun of this experience.

blue, and green lights over a white tabletop so that 

overlapping circles of color were projected. Where 

the red and blue mix, the overlap forms magenta; 

where the blue and green mix, cyan is formed; and 

where red and green mix, they form yellow. In the 

center of the overlapping circles is a large white area, 

indicating that when all these colors combine, 

they result in white light. The exhibit also 

includes a computer with options for selecting 

colors, as well as three color-coded switches 

that can be turned on and off.

In designing this exhibit, Perry used her 

research model, showing one way to put re-

search into practice.
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How Can the Exhibit Pique  
Visitors’ Curiosity? 

The first attention-getting strategy was the  different-

colored lights shining on the table. Once visitors 

were engaged, the exhibit kept their attention by us-

ing the computer to ask a question. The twist, how-

ever, was that the answer was embedded on another 

computer screen. The search for the answer proved 

to be an effective way to sustain visitor interest.

How Can the Exhibit Give 
Visitors a Sense of Confidence?

Because research has illustrated that people are more 

likely to pursue activities when they feel they will be 

successful, this exhibit promoted confidence by 

providing labels written in an easy-to-read style. The 

result was that at least one person in a group 

understood the main ideas and were able to explain 

them to other members of the group. In particular, 

the labels were effective in educating parents about 

the exhibit, who could then 

convey that information to their 

children. Many parents comment-

ed that they felt successful when 

they were able to teach their 

children about the science behind 

the exhibit. Understanding the 

science and the rationale for 

various “experimental condi-

tions” kept frustration to a 

minimum.

How Can the 
Exhibit Challenge 
Visitors? 

Along with clear explanations, 

the exhibit also included nu-

merous opportunities to stretch visitors’ thinking 

without creating a sense of failure and frustration. 

For example, one part of the exhibit asked visitors 

to experiment with making hand shadows. Another 

part encouraged visitors to make specific colors by 

turning the lights on and off. In these ways, visitors 

could choose to challenge themselves if they felt that 

they had mastered the main concepts presented in 

the exhibit.
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How Can the Exhibit Promote 
Feelings of Self-Determination 
and Control? 

By definition, museums are “free-choice” settings, 

but having too many choices in one exhibit can be 

overwhelming, detracting from both the enjoyment 

and the learning that takes place. The designers 

of The Color Connection experienced this problem 

during the first iteration of the exhibit, when they 

installed buttons instead of switches for turning the 

lights on and off. The designers found that people 

spent long periods pushing the buttons and creating 

light shows; by doing so, visitors were not learning 

and, ultimately, did not enjoy themselves either. 

When the buttons were replaced with switches that 

required more deliberate use, the visitors still had 

control over the lights, but they could manipulate 

them in a context of learning about white light and 

how it is formed. The switches slowed visitor behav-

ior and made choices more deliberate and controlled. 

Because their actions were now more goal-oriented, 

visitors could enjoy what they were doing and feel 

gratified that they were gaining some information 

about scientific principles of light and color. 

How Can the Exhibit Promote 
Feelings of Sensory Enjoyment 
and Playfulness? 

In this exhibit, visitors had opportunities to crawl 

through the lights, put different objects in the lights, 

make hand shadows, and then make up stories about 

their hand shadows. Activities such as these remind 

visitors how much fun they can have simply by expe-

riencing science-related phenomena in a playful and 

open-ended way.

How Can the Exhibit Stimulate 
Meaningful Social Interaction? 

By talking to members of their group, visitors often 

end up teaching concepts to each other. The exhibit 

was designed in a way that encouraged visitors to 

share their experiences, discuss the phenomena they 

observe, and coordinate their actions. This kind of 

exchange not only provides opportunities for learn-

ing, but it also builds confidence, which helps keep 

motivation alive. 

This model represents one approach to mu-

seum design. The model continues to evolve and 

has been tested in other settings. Nonetheless, some 

areas remain to be fully tested. Still, it offers a way 

to consider using research to plan exhibits that are 

more likely to draw in visitors, keep their atten-

tion, and encourage them to share knowledge and 

questions. Setting such goals and then determin-

ing whether they have been met not only allows 

museum educators to document learning, but also 

provides feedback for improving the quality of their 

offerings.12 
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Although the focus of the exhibit described in the case was on how to cap-
ture and hold visitors’ interest, in the process the designers also provided experi-
ences that supported other strands of science learning. By designing activities that 
piqued the visitors’ interest, enhanced their sense of confidence, and provided 
them with engaging challenges, the designers also helped support conceptual 
understanding (Strand 2) and scientific reasoning (Strand 3). 

Elements of design discussed in Chapters 3 and 4 also are evident in this 
case. The inclusion of labels promoted social interaction and the sharing of exper-
tise. Interactivity played an important role in maintaining interest and supporting 
learning. At the same time, the designers found that including choices that didn’t 
require deliberate action encouraged behaviors that detracted from learning—a 
finding similar to one found at the Exploratorium after studying the interactive 
features of the Glowing Worms exhibit (Chapter 3).

	  

CULTIVATING AND SUSTAINING INTEREST

Thus far, we have focused on interest as the initial spark that hooks people and 
encourages them to explore an informal science experience. But interest can 
involve something more than just a visit to a museum or an hour at the IMAX 
theatre. Among informal science educators, there also is a desire to build sustained 
interest that will bring people back to learn more. 

Many researchers have developed models for the development of long-term 
interest. Ann Renninger and Suzanne Hidi provide a useful framework that dif-
ferentiates between shorter term interest and more sustained, engaged interest.13 
Their four-phase model describes how interest emerges and changes as an individ-
ual becomes more engaged through repeated experiences related to a topic. 

In the first phase, situational interest, excitement or interest is triggered by 
the situation. The participant’s positive responses to a topic are typically sparked 
by environmental features that have personal relevance or capture attention 
because they are unexpected or unusual. In phase two, referred to as maintained 
situational interest, the participant has repeated positive experiences that are sus-
tained by the meaningfulness of the tasks and personal involvement. In phase three, 
emerging individual interest, the person’s interest starts to extend beyond the infor-
mal learning experience, which at this point is not always needed to stimulate inter-
est or engagement with the topic. In the final phase, a well-developed individual 
interest becomes evident by the person’s choice to continue his or her involvement 
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by joining clubs, reading books, or participating in other activities on the topic. 
When an individual reaches this phase, he or she is highly motivated to look for 
more ways to learn about the subject. Interestingly, this sequence of increasing 
investment and meaningfulness has parallels with work done by Beverly Serrell 
and her colleagues in generating criteria for exhibition excellence based on prin-
ciples from the visitor studies literature.14

The notion that interest can be deepened and sustained through repeated 
experiences is important to think about when designing informal learning experi-
ences for science. Some settings or activities may not lend themselves to cultivat-
ing sustained interest as much as others do. Short visits to museums or lectures 
may trigger excitement about a topic, but these experiences do not offer enough 
exposure for well-developed individual interest to emerge. In order for this level of 
interest to develop, longer-term engagement and multiple experiences are likely to 
be necessary and those may be easier to integrate into some settings than others. 
After-school programs or citizen-science experiences that last for weeks or months 
may promote sustained engagement more readily. Strategies for extending and 
connecting learning experiences across time and place are discussed in detail in 
Chapter 9.

To illustrate how sustained interest can evolve over time, consider the next 
case study, which describes a community garden project that was sponsored by 
York College of the City University of New York. Over a period of 9 months, 
urban African American and Latino teens and their mentors worked together to 
build a community garden. About 40 teens were involved in at least one aspect 
of the project, and a core group of 15 (12 boys and 3 girls) was responsible for 
implementing the project from start to finish. Their efforts illustrate a deepening 
of interest over the life of the project and the outcomes that are possible when 
people become truly engaged.
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everyday SCIENCE  

At a New York homeless shelter in the South Bronx, 

teacher and researcher Dana Fusco was offered a 

unique opportunity.15 She was asked to work with 

a group of young people between the ages of 12 

and 16 to develop a science project. The teens had 

already faced many difficulties in their lives; when 

this project started, the participants were living in 

the shelter with their families. 

When Fusco started working with the teens, 

her goal was for the project to emerge from the 

kids’ own interests and frame of reference. She 

didn’t want to impose her ideas on them. Rather, she 

wanted them to experience a process of reflection 

and discussion about issues that were of concern to 

them. From that point, she hoped that they would 

be able to reach a consensus about a group project. 

Ideally, the project would be personally meaningful, 

reflect what they had learned about science, and 

would benefit the community. 

Fusco began by asking the teens what prob-

lems they were familiar with. Immediately, they 

started talking about teen pregnancy, AIDS, gangs, 

violence, drug and alcohol abuse, and racism—all 

experiences within their personal frame of reference. 

To express their views, the teens created a group col-

lage, which they hung up at their meeting place. 

After the teens had articulated their concerns, 

the group turned their attention to what they could 

do to address these problems. Fusco shared with 

them other projects that had been undertaken by 

urban youth. She mentioned awareness 

campaigns, community cleanup projects, 

mural painting, and gardening. Then Fusco 

mentioned that the teens had permission 

to use the lot across from the shelter as 

the site for their project. 

At their next meeting, the partici-

pants investigated the lot. Although it was 

strewn with garbage, drug needles, and 

other debris, the kids immediately recog-

nized its potential. One boy recalled that 

at one time, people had planted “stuff” 

in the back of the lot, but the plot had 

been burned. Other kids decided that their 

first step in moving forward with a plan 

should be measuring the lot. They began 

by coming up with makeshift strategies. 

One boy counted the number of steps it took to walk 

across the lot. Another group counted the number of 

concrete blocks lining the fence. 

An Innovative Project 
with Urban Teens
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After their initial investigation of the space, 

they started discussing how it could best be used. The 

teens suggested a basketball court, an archery range, 

a playground, or a community garden. Before mak-

ing a decision, the kids formed four teams to explore 

the space more thoroughly. One team measured the 

lot precisely, while another recorded evidence of 

living creatures and documented the nature of the 

nonliving debris. A third team took photographs, 

and a fourth made sketches of the lot. 

The teams communicated with each other; 

for example, the recorders let the photographers 

and artists know where to go to find artifacts so 

that they could be captured on film. During this 

phase, the groups met often to review their data and 

determine which idea made the most sense for the 

lot. They narrowed the list down to the following: a 

playground, a garden, a clubhouse, a penny store, a 

jungle gym, a sandbox, and a stage. 

As part of the decision-making process, the 

teens developed conceptual drawings to illustrate 

each of these ideas. Perhaps because they had seen 

evidence that there had once been a garden in that 

space or as a result of their discussions, the group 

decided that a community garden would be the cen-

terpiece of the lot, with other structures surrounding 

and enhancing it. 

The next phase of the project involved devel-

oping the expertise they needed to execute their 

plan. At this point, the teens realized that talking 

with community activists and experts in the field 

would help them build their knowledge base. This 

phase of the project proved to be very productive be-

cause the advice they received led to new questions 

and new insights. For example, after talking with an 

environmental psychologist, the group realized that 

each element in the design of the urban garden has 

its own set of requirements. So if they built a stage, 

they would also have to build benches for seating; 

if they wanted to plant a garden, they would have 

to make sure that the plants had enough water and 

sunlight. 

These realizations led to a new set of activi-

ties, including visiting other community gardens 

and a school with a composting facility, writing to 

organizations that might donate supplies or techni-

cal assistance, and bringing in gardening experts to 

discuss the garden’s design and to help them test the 

nutrients in the soil. “During this part of the proj-

ect, the kids really began doing science,” says Fusco. 

“That, along with the community service piece, was 

very empowering.” 

For their part, the kids were somewhat sur-

prised that they had actually been allowed to follow 

through with a project with demonstrable results. 

In fact, one teen remarked that, when the project 

started, he thought it was “going to be a project, like 

in school, you know, like a fake project.” Another 

boy added to that sentiment by saying, “Yeah, I 

didn’t think we were actually going to do it until you 

started talking about picking up the garbage and 

stuff.”15 They came up with a name that reflected 

their enthusiasm for the project and their new status 

as scientists: Restoring Environments and Landscapes, 

or REAL. 

“We formed our own ‘gang’ as an alternative to 

those in the streets,” explains Fusco. “The group came 

together because of the friendships that formed.” 

Over the course of several months, the REAL 

team continued to gather more information about 

the site. During a slide show presentation of out-

door spaces, the group saw elements that they had 

not thought of, such as a storage shed, a path wide 

enough for wheelchairs to navigate, and signs. One 

member of the group felt so strongly about the need 

for a shed that he designed a storage space to fit 

under the stage. (This feature was later incorporated 

into a model the group made of the space.) One of 

the girls in the group made a sign for the model that 

said, “Help keep our REAL garden clean!” 
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Meanwhile, other teens were focusing on the 

garden. To determine where to place their flower-

beds, participants charted the position of sunlight 

throughout the day. Based on that data, they posi-

tioned the seedlings. As new information became 

available, the teens continued to modify their design. 

They added a birdbath and pond to attract wildlife 

to the garden, and they made sure that garbage cans 

and compost bins were part of the plan, as well as 

picnic tables, chess tables, and paths wide enough for 

wheelchairs. All of these features were incorporated 

into the model the teens made of their garden.

After months of research and planning, the 

group was ready to move into the implementa-

tion phase. They decided to hold a Community Day, 

during which they would share their model with 

their parents and businesses in the community. They 

alerted the neighborhood to the event by making 

flyers and posting them. More than 50 parents, staff, 

volunteers, neighbors, and children came to the 

group’s community-wide event. 

Volunteers from the neighborhood also got 

involved. Some helped clear out the garbage and 

sort out the recyclable materials. A professional 

carpenter worked with the kids to build a new fence. 

Other teens dug out the pond and planted seeds and 

seedlings with an expert gardener.

During the day, several teens walked around 

and video-interviewed attendees, asking them how 

they thought the garden would help the community. 

Below are samples of the responses they received.
After-school coordinator: “It’s gonna give us 

[a] sense of responsibility because we’re transforming 
something. We’re making something out of nothing. 

We’re gonna be extra proud because we did it.” 
Parent volunteer: “It’s gonna turn out to be 

beautiful. It’s gonna help the children take care of 

the neighborhood by seeing beauty.” 
Teen participant: “It will help the community 

by giving kids a place to come. Instead of being out 

in the street and doing things they shouldn’t be do-
ing, they can come in here and just relax and enjoy 

themselves.” 
Teen participant: “Because we need to [do] 

something for these kids right now. Things are not 
going good right now. Because you know how New 
York is filled with violence? So an event like this right 
here, it helps get away from all the violence.”

By the time the project ended, the REAL team 

had planted tomatoes, peppers, and flowers in the 

garden and had built an arbor for the vines. “I really 

like doing community projects—it gives me a sense 

of responsibility and gives me a good feeling about 

helping people in the community,” one participant 

remarked. A sense of ownership of the project from 

beginning to end combined with the opportunity to 

become involved in and contribute to the community 

resulted in a sense of accomplishment and deep com-

mitment to the work.15 
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Applying the Interest Development Model to the Community Garden Project

The community garden project is an excellent illustration of how interest can 
be cultivated and deepened over time. The project began with Fusco making the 
experience relevant for the urban teens, triggering their excitement. When they 
realized that she was sincere and wanted them to take charge of the project, they 
began taking the work even more seriously, as reflected in the teen’s comment 
that he didn’t think they were really going to do anything until he saw evidence of 
action. At this point, the teens began to develop a sustained interest in the project 
and a growing curiosity about what steps they needed to take before they could 
start creating the garden. 

Over the course of several months, the project took on a life of its own. The 
teens became more engrossed in the activity, taking the initiative to contact experts 
in the field, research plants, invite the local community to help with the project, 
and roll up their sleeves to do the work to create their urban garden. Because the 
project continued over a relatively long period of time, the young people could 
cultivate their interest and even develop some expertise in gardening, construction, 
or fundraising. Over time, many of them became self-motivated, empowered by 
the fact that they were working in their own community and making a difference. 
At this point, their interest came from within and not from the environment. 

It is important, too, to note that the project emerged from the members’ own 
life experiences, which included concerns about gangs and violence. What hap-
pened over the course of the project is that the REAL team became a different kind 
of gang, as evidenced by such comments as “You down with REAL?” and “I’m 
getting REAL painted on the back of my denim jacket.” This new “gang” devel-
oped its own mini “culture” of science within the larger community. The science 
gang now looked at the world differently and saw science as a way to reduce vio-
lence, create beauty, and bring disparate members of their neighborhood together. 

Relating the Community Garden Project to the Strands

While the focus of this chapter has been on the motivational aspects of learning 
emphasized in Strand 1, this case also illustrates the interconnectedness of the 
strands. For example, in the teens’ discussions about the lot and the viability of 
their ideas, they were demonstrating scientific reasoning skills (Strand 3). Further 
indications of the development of these skills emerged as they were determining 
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what to plant based on the position of the sun at different times of the day and 
the quality of the soil. 

As the teens prepared the lot for their garden, they used tools to track the 
living things occupying the lot and to determine the composition of the nonliving 
debris. Through the experience of using some of the basic tools of science, it can 
be argued that they were building a community grounded in the culture of science 
(Strand 5). 

These tentative conclusions and their correlation to the strands are based 
on the observations of Dana Fusco, the project leader. Her views of the learning 
that occurred during this project reflect the sociocultural perspective on learning, 
which we summarized in Chapter 2:

The result [of the project] was not only the individual learning of science 
knowledge but the creation of science (and sciencelike) discourses, tools, 
and practices that had a real purpose within people’s everyday lives. . . . 
What this suggests to me is that as youth, science, and community interact, 
the potential for change occurs at many levels—within the person, within 
the physical and social environment, and within the culture of science and 
science education. . . . Changes within the participants’ ways of talking, 
thinking, and doing science occurred alongside practice and the creation 
of a science in which they would help minimize violence, beautify the com-
munity, and foster social and community gatherings and interactions.15 

WELL-DEVELOPED INTEREST AND CHANGES IN IDENTITY

As we saw in the interest development model, the last phase is “well-developed” 
individual interest, in which an individual chooses to engage in an extended pur-
suit in a particular area. When taken to its logical conclusion, the endpoint of this 
model is a change in identity on the part of the learner. For instance, an individual 
who dabbles in gardening becomes so engaged by the activity that his or her iden-
tity becomes that of a “gardener.” Such changes occurred in the teens who partici-
pated in the community garden as well as those who were part of the long-term 
program at the St. Louis Science Center (Chapter 3).

Identity, as described in Strand 6, includes the learner’s sense that he or she 
can do science and be successful in science.16 Identity is often equated with a sub-
jective sense of belonging—to a community, in a setting, or in an activity related 
to science. The changes in community affiliation and related behaviors that can 
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signal changes in identity usually require extended time frames of involvement 
with a program or community.17 A sense of competence or belonging can be expe-
rienced retrospectively when reflecting on past events; it can be experienced in 
relation to current activities; and it can be projected into the future through imagi-
native acts regarding what one might become. 

Identity can be viewed as both a critical factor in shaping educational expe-
riences and a goal into which a broad range of learning experiences can feed. And 
it is an important element for all learners. While discussions of identity draw on 
widely recognized ethnic and cultural identities, promoting identification with sci-
ence learning is an important issue for learners from all backgrounds.

Although researchers in the field generally agree that identity affects science 
participation and learning,18 there are varied and disparate theoretical frameworks 
that address issues of identity. Some conceptions of identity emphasize personal 
beliefs and attitudes measured by the degree to which participants endorse such 
statements as “I have a good feeling toward science” or “I could be a good 
scientist.”19 Other conceptions of identity focus on the way that it is created 
through talk and other features of moment-to-moment interactions that position 
people among the roles and statuses available in particular situations.20 This latter 
conception emphasizes that the type of person one can be in a setting—e.g., com-
petent, skilled, creative, or lacking in these qualities—depends on the way these 
types are defined in a social context; these identities are fluid and can change from 
setting to setting. The identities assigned to individuals in different settings are 
reinforced by the ways that people interact with material resources (e.g., instru-
ments, tools, notebooks, media) and other participants (e.g., through speaking, 
gesture, reading, writing).21

“There seems to be a strong relationship between 

science-related identity and the kinds of activities people engage in, 

usually with others.

”
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There seems to be a strong relationship between science-related identity and 
the kinds of activities people engage in, usually with others. For example, parents 
who want to develop a particular family identity are able to quickly adapt the 
general museum experience, as well as specific content, to reinforce the desired 
identity. Everything from expectations (“We don’t bang on the computer screen 
like that”) to personal narrative history (“Do you remember the last time we saw 
one like that?”) can be used to reinforce the values and identity of the family.22

Identity as a Driver to Informal Science Experiences

But identity is not always the result of interest. John Falk and his colleagues from 
the Institute of Learning Innovation (ILI) have found that in some instances, it 
may also be the driving force, motivating people to join an informal science activ-
ity and shaping how they engage with it. 

These ideas are based on a model of identity previously developed by Falk 
and his colleagues. This model suggests that visitors bring personal identities—as 
explorers, facilitators, professionals/hobbyists, experience seekers, or rechargers—
to informal science settings. The researchers thought that these identities might be 
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predictive of whether visitors experienced immediate and longer-term changes in 
their attitudes and knowledge. 

To test these ideas, Falk and his team embarked on a 3-year collaboration 
between ILI, the Association of Zoos and Aquariums (AZA), and the Monterey Bay 
Aquarium. Specifically, they were interested in finding out if visitors to zoos and 
aquariums left with a greater appreciation of and deeper commitment to animal 
conservation. 

Using a variety of research instruments, the team set out to test how many 
visitors could be categorized into the five identity categories and if each group 
showed distinctive behaviors during their visit. After collecting data from more 
than 5,500 visitors to 12 AZA-accredited zoos and aquariums, they found that 
although people had many reasons for visiting that did not fit neatly into a single 
category, the majority (55 percent) did have one dominant identity-related motiva-
tion that predicted how they experienced the setting and what they derived from it. 

Explorers, who according to Falk’s model are curiosity-driven and interested 
in learning more as a result of the zoo or aquarium experience, were satisfied with 
the chance to see animals and learn more about them, although they reported 
that their visit did not add to their knowledge or change their attitudes about 
conservation.

Facilitators, who, along with explorers, represent the two dominant visitor 
groups, focused on helping the members of their social group enjoy the experi-
ence and learn from it. In this study, facilitators were looking for a social experi-
ence that benefited members of their social groups. Parents, for example, reported 
wanting to ensure that their children enjoyed their visit.

Professionals/Hobbyists, although a small group of visitors (10 percent), 
are important because they feel connected to zoos and aquariums, largely because 
their offerings match the particular interests of this group. Professionals/hobbyists 
reported looking for specialized programs, such as photo tours, dive trips, how-to 
workshops, and theme nights.

Experience seekers enjoy new experiences and visit museums and other sites 
that are considered to be important. In this study, they made up 8 percent of the 
visitors and reported visiting as tourists or to support the community. As a group, 
they were the only ones to show a scientifically reliable positive gain in knowl-
edge as well as a change in attitudes toward conservation. This finding could be 
explained by the fact that they arrived with the least amount of reported knowl-
edge and the lowest expectation for their visit. 
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Rechargers are expected to be looking for contemplative and/or restorative 
experiences. In this study, 4 percent had such motivations, reporting that they 
wanted a place to think and get away from the noise and activity of the city. 
Overall, they reported visiting aquariums more than zoos. 

Among all the groups, most visitors (61 percent) said that their zoo or 
aquarium experience supported and reinforced their values and attitudes toward 
conservation. Many (54 percent) said their visits prompted them to reflect on 
how they can affect environmental problems and support conservation. This shift 
indicates that they began to see themselves as part of the solution. Almost half 
(42 percent) of all visitors believed that zoos and aquariums play an important 
role in conservation education and animal care, and a majority (57 percent) of 
visitors said that their experience strengthened their connection to nature.23 

Identity as the Gateway to Deeper Engagement with Science

This research suggests that pinpointing identity-related motivations behind visits to 
zoos and aquariums could help educators figure out ways to better meet the needs 
of their visitors. For example, because explorers thrive on novelty, a way to reach 
them may be to offer temporary exhibits or in-depth programs, as well as more 
challenging experiences. Opportunities for social interaction could be expanded for 
facilitators by offering meetings with staff and a designated place to go for discus-
sion after their experience or by providing written materials and labels that inspire 
questioning and conversation. Similarly, experience seekers might enjoy a unique 
program that surpasses other local attractions, and professionals/hobbyists can be 
tapped to serve as volunteers. For rechargers, areas for reflection could be created 
and programs offered at quieter times of the day or year.

Although this model was tested in a museum setting, it also can be applied 
to other informal venues—even an everyday setting like an individual’s home. The 
following case illustrates this point. 
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everyday SCIENCE  

Gabe Schwartzman is passionate about the environ-

ment. Growing up in suburban Maryland, where 

driving is a way of life, he has become increasingly 

concerned about the impact of car emissions on the 

environment. So he decided that he could make a dif-

ference by becoming self-sustaining in one area of his 

life. With some input from his cousin, Schwartzman 

set out to learn how to produce biodiesel fuel, which 

is made from oil left over after frying food. 

“My cousin sent me a book, From the Fryer 

to the Fuel Tank, which explains how to make your 

own fuel,” Schwartzman explains. After reading 

and rereading this book, as well as spending several 

months researching the subject and identifying a 

supplier (a local Chinese restaurant), Schwartzman 

began production. 

In the basement of his parents’ house, 

Schwartzman set up a makeshift lab. Wearing a leath-

er apron, gloves, and goggles, he began the rather 

messy process of making biodiesel fuel. After separat-

ing the food remains left in the oil, he measured the 

pH. “It turned out to be a lot harder than I thought,” 

Schwartzman admits. “Figuring out the correct pH for 

each container of oil took a lot of time.” 

Although the process was frustrating, it never 

occurred to him to give up. “I was determined to find 

out whether biodiesel fuel was an option for subur-

ban drivers,” says Schwartzman. He also was confi-

dent that he could succeed because he had worked 

on projects like this before. “He built a rickshaw 

when he was only 13,” his mother remarks. “Once he 

sets his mind to something, there’s no stopping him.”

 Schwartzman made his own 

fuel for a while and saved quite a 

bit of money; it cost only a dollar to 

fill up the tank of his 1980 Volvo. 

But after making the fuel for several 

months, Schwartzman abandoned 

the project. “My car died, but I also 

decided that biodiesel fuel wasn’t 

the best option for drivers in busy 

metropolitan areas,” he explains. 

“The process is time-consuming, and 

the fuel needs are too great. But I 

wouldn’t have known that if I hadn’t 

seen the project through to the end. 

I’m glad I did it. I learned a lot.”

 

An Environmental Pioneer at Work

Gabe pours his homemade biofuel into a jug as he 
prepares to fill up his car.
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Schwartzman is an example of a highly motivated and engaged learner, one 
whose interest far exceeds that of most people. Not only did he learn about a new 
topic—how to make biodiesel fuel—but he also produced the fuel. And in the face 
of many obstacles, he persisted, showing a strong commitment to learning. 

	 	 	 	 	 O  O  O 

This chapter discussed motivation, interest, and identity in greater depth. In par-
ticular, two models were discussed that can be applied to designing an interesting 
and motivating informal science experience. Perry’s six-component motivation 
model describes factors to consider when designing effective museum exhibits. 
Renninger’s and Hidi’s interest development model describes how the environment 
may initially spark interest before personal motivation develops. A community 
urban garden project for teens was used to illustrate the four phases of inter-
est development, as well as other kinds of learning described by the strands of 
learning. 

Interest and identity are intertwined. The chapter concludes with a study 
describing the role of identity in motivating behavior, with suggestions of how 
informal science settings can make use of this information. The identity model 
also is flexible enough to be used in evaluating learners’ behavior in everyday set-
tings, as illustrated by Gabe Schwartzman’s experience making biodiesel fuel. 

Throughout the book, we have seen how learners do not gain new knowl-
edge and insights in a vacuum. Rather, their learning is enhanced through 
engagement with others, experimentation, and interaction with artifacts. In later 
chapters, we will reinforce this point by exploring how an individual’s culture 
affects the way he or she approaches informal science learning environments. This 
diversity of perspectives needs to be recognized when designing these learning 
experiences. 
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Things to Try

To apply the ideas presented in this chapter to informal settings, consider the 
following: 

•	 Share Perry’s six-component motivation model with staff and consider whether 
or how it can be used in your setting. The case study of exhibit design can be 
used as a starting point for discussing whether Perry’s motivation model would 
be helpful in your setting. If so, choose a particular exhibit or program and 
discuss how each component of the model could be used to design or modify a 
participant’s experience in your setting.

•	 Consider ways to excite interest in a program or exhibit. The research indicates 
that piquing participants’ interest is an important step in bringing about self-
motivation. Discuss how this finding applies to your setting. What strategies 
have you tried in the past? Based on what you have read, are there other strat-
egies that might be effective in getting participants’ attention, sparking their 
interest, and sustaining it? 

•	 Assess experiences for unintended negative emotions. Just as positive emotions 
can trigger learning, negative emotions can be a turnoff. Which aspects of the 
informal science experience that you offer might be confusing, overwhelming, 
or inadvertently unpleasant in any other way? Have you layered the experience 
sufficiently to make it beneficial and enjoyable to visitors or audiences who 
approach it with different levels of interest?

•	 Consider how your experience can tap into the multiple identities that visitors 
bring to the experience. Falk’s model explains five identity-related motivations 
that lead visitors to different kinds of experiences. Can this model be applied 
in your setting to tailor experiences that meet the needs of these different kinds 
of visitors? Discuss how this could be accomplished; one possibility is to design 
an exhibit or experience specifically for one of these types of visitors. Assess 
whether it was successful and how additional experiences could be designed 
for other types of visitors highlighted in this model. Consider the overall bal-
ance of experiences your institution provides for the five situated identities. Are 
there opportunities for reflection and restoration in a noisy and active environ-
ment? Are there opportunities to explore and seek new experiences even for 
those who visit multiple times? Can you provide visitors or participants with 
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guidance that allows them to choose experiences in your setting that best align 
with their situated identity (a parent guide for young children; a guide for a 
one-time visitor on “what not to miss,” etc.)? 
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6Assessing Learning Outcomes 

A key to designing informal experiences to support learning is to clearly articu-
late the goals for a particular experience. That is, what should participants learn 
through their experience? In this book we define science learning in terms of six 
strands, which encompass excitement and interest spurred by an aspect of an 
informal experience, understanding scientific knowledge, engaging in scientific 
reasoning, reflecting on the nature of science, increased comfort with the tools and 
practices of the scientific community, and identifying with the scientific enterprise. 
In any given experience, particularly those that are very brief, it may be impossible 
to touch on all six strands. However, the design process should include explicit 
decisions about which outcomes are of primary interest, and for what audience. 

Although informal science settings do not use the same tools to assess learn-
ing as schools do—tests, grades, and class rankings, for example—researchers, 
evaluators, and practitioners are nonetheless very interested in assessing how 
informal experiences contribute to the development of scientific knowledge and 
capabilities. The nature of informal settings presents a unique set of challenges in 
this effort, and the field struggles with theoretical, technical, and practical aspects 
of measuring learning. This chapter explores some of these challenges and the 
ways they have been addressed. 

CHALLENGES OF ASSESSING SCIENCE LEARNING IN INFORMAL SETTINGS

The characteristics of informal learning environments make it very difficult to 
develop practical, evidence-centered ways to assess learning outcomes. For exam-
ple, during a short trip to a museum, not only is assessment logistically complex, 
but also the data gathered are hard to interpret. It can be difficult to separate the 
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effects of a single visit from other factors that could be contributing to positive 
learning outcomes. And arranging for tests before and after the experience or set-
ting up other traditional measures in many museums and science centers can be 
disruptive, or even inappropriate for the purpose that assessment may serve (for 
instance, assessment that is part of exhibit or program design and improvement). 
Thus, it is important to consider the rationale for assessing learning in informal 
science learning settings. 

Another feature of informal science learning environments that creates chal-
lenges for assessment is that experiences cannot fully be prescribed or predeter-
mined. Rather, the environments are learner-centered; so much of what happens 
emerges during the course of activities. Because each visitor, participant, or audi-
ence member seeks out his or her own unique experience, it is extremely difficult 
to establish a uniform intervention or activity that succeeds in assessing the over-
all impact of the informal science environment. Part of the problem, too, is the 
importance of not interfering with the unique, free choice or self-directed experi-
ence itself, because it is often that particular characteristic that inspires learning 
in the first place. The challenge thus becomes how to document the learning that 
occurs while not sacrificing the freedom and spontaneity that is integral to the 
experience. 

The collaborative and social aspects inherent in many informal experiences 
also pose a challenge for assessing learning. Participants in summer camps, science 
centers, family activities, hobby groups, and such are generally encouraged to take 
full advantage of the social resources available in the setting to achieve their learn-
ing goals. The team designing a submersible in camp or a playgroup engineering a 
backyard fort can be thought of as having implicit permission to draw on the 
skills, knowledge, and strengths of those present as well as any additional resourc-
es available to get their goals accomplished. “Doing well” in informal settings 
often means acting in concert with others and accomplishing results in the process. 
Thus, assessments that focus on an individual’s performance alone may “under-
measure” learning because they fail to take into account the material and human 
resources in the environment, even though making use of such resources is a hall-
mark of competent, adaptive behavior.1 In addition, assessing whether participants 
working in a group have grasped the science is important, but measuring the role 
that collaboration and problem solving have played in learning may be equally so. 
Teasing out this variable from individual assessment has proven to be difficult, 
and some have challenged the rationale for doing so in the first place. In addition, 
the learning accomplishment might be integral part of the experience—the back-



Copyright © National Academy of Sciences. All rights reserved.

Surrounded by Science: Learning Science in Informal Environments

Assessing Learning Outcomes 105

yard fort is strong and complete; a new level of a game has been reached; an arc built 
with wood blocks stands on its own. In such cases, separate “measures” of accom-
plishment might be inherently rejected by participants who may not understand how 
their experience in the activity can be tied to a school-like assessment task.

Despite the difficulties of assessing outcomes, researchers have managed to 
do important and valuable work. Many of their approaches rely on qualitative 
interpretations of evidence, in part because researchers are still in the stages of 
exploring features of the informal learning process rather than quantitatively test-
ing hypotheses.2 Yet, as a body of work, assessment of learning in informal set-
tings draws on the full breadth of educational and social scientific methods, using 
questionnaires, structured and semistructured interviews, focus groups, participant 
observation, journaling, think-aloud techniques, visual documentation, and video 
and audio recordings to gather data. 

DEVELOPING APPROPRIATE ASSESSMENTS

A first step in developing assessments is identifying the anticipated learning goals. 
In order to identify appropriate goals it is also important to determine the audi-
ence. This determination can be complex. It is not sufficient to simply target a 
demographic group as the audience, such as teenagers or Latinos, in part because 
of the broad diversity within social or demographic groups and because of the risk 
of stereotyping. It is equally important to understand what knowledge, skills, and 
beliefs the target audience brings to the learning situation. For this reason, key 
stakeholders in the informal learning experience, including representatives from 
the institution or organization involved in designing it and members of the com-
munity it is meant to serve, should be brought into the planning process. In fact, 
defining outcomes and target audiences for informal science learning experiences 
can be the most challenging tasks in the assessment process because it requires a 
deep understanding about purpose and the various ways in which informal experi-
ences may be connected to past and future learning experiences.

Once goals and audience have been identified, the means of measuring these 
goals need to be established. The development of assessments appropriate for sci-
ence learning in informal environments should be guided by three criteria. First, 
the assessments must address the range of capabilities that the designers have in 
mind, including not only cognitive outcomes, but also attitudinal, behavioral, and 
social outcomes. The six strands introduced in Chapter 2 can guide a discussion 
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of learning outcomes. Second, assessments should fit with the kind of participant 
experiences that make informal learning environments attractive and engaging. 
Any assessment activities undertaken in these settings should not undermine the 
very features that make for effective learning. Third, the assessments must be 
valid; that is, they should measure what they purport to measure (construct valid-
ity) and align with opportunities for learning that are present in the environment 
(often referred to as ecological validity). In short, assessment measures should cap-
ture as much of the breadth of learning that a reasonable audience could experi-
ence, should align with the nature of the learning experience, and should represent 
in some faithful way the learning that actually occurs. Doing so is not easy.

Keeping these three criteria in mind, let’s consider how information was col-
lected in some of the examples included in this book. WolfQuest, the computer 
game discussed in Chapter 1, used online surveys to collect data about the project. 
The survey asked questions related to the learning goals, as the first criterion 
suggests. Considering this was an online experience, it is fitting that an online 
assessment instrument was used. Because of the nature of the activity, assessment 
did not interfere with the experience. Finally, the assessment was valid; questions 
asked on the survey align with the project’s goals. 

Through the WolfQuest online survey, evaluators asked participants what 
they knew about wolves before playing the game and what they learned as a result 
of the game. This pre-post strategy is often used to document changes in learn-
ing as a result of the informal experience. However, the evaluators for WolfQuest 
went further. They conducted content analyses of discussions between WolfQuest 
players and learned a lot about the social dimension of WolfQuest and ways in 
which playing the game encouraged cooperative learning and even extended the 
experiences into other parts of a player’s life. The evaluators also analyzed other 
forms of “embedded” data—data that are generated through natural engagement 
with the game (or, by extension, an exhibit, program, interpretive walk, etc.) and 
can be used to infer outcomes—to examine how using knowledge about wolf 
behavior and ecology helped players advance in the game. Using embedded data 
ensures that data collection does not interfere with the experience itself, thus ful-
filling two of the three above-mentioned criteria: alignment with the experience 
and ensuring ecological validity.

There is increasing interest among practitioners, researchers, and evaluators 
in documenting long-term learning from informal experiences. When evaluators 
are interested in finding out whether information was retained over time, they 
typically get in touch with participants through phone or e-mail 1 to 4 months 
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after the experience to see whether the experience had a lasting impact. The evalu-
ation conducted for the IMAX film Coral Reef Adventure (Chapter 5) used this 
strategy and collected compelling information about how the film led to changes 
in attitudes and behaviors. 

Another, more complex form of data collection is taping visitors’ conversa-
tions (or, as noted above in the WolfQuest example, analyzing written comments, 
blog contributions, etc.). As discussed in Chapter 4, this approach is logistically 
difficult to execute, and interpreting the data is equally challenging. Nonetheless, 
the information collected can be rich and revealing, indicating what visitors are 
focusing on, thinking and feeling, how they come to conclude or judge or make 
connections, and whether the experience has evoked powerful memories. The 
researchers investigating conversations in the frog exhibition at the Exploratorium 
by “listening in” on conversations between parents and children thought long and 
hard about how to gather data so that it would not interfere with the learning 
experience. The conversations revealed the full range of learning that occurred.

Precisely because of the challenges, collecting conversations is done less 
frequently than more traditional measures, such as exit interviews and surveys 
or tracking and timing methods, which are used to measure levels of engagement 
with an informal science experience. Typically used in museums, behaviors mea-
sured through structured observations like tracking and timing studies include 
what visitors pay attention to and for how long. In Cell Lab (Chapter 3), evalu-
ators noted that visitors spent considerably more time than usual at the wet-lab 
benches. This finding illustrated that when learning is more complex, more time is 
needed—even if fewer people can go through the exhibit in one day. The measure 
does not, however, distinguish whether learners needed more time because of the 
complexity of the experience, or deliberately spent more time because the experi-
ence is more engaging and satisfying than other, similar experiences. 

“There is increasing interest among practitioners, 

researchers, and evaluators in documenting long-term learning from 

informal experiences.

”
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The Nature of Outcomes for Informal Science Learning

Although there is a diversity of thought in the informal science learning commu-
nity about what outcomes are most important and what approaches to measuring 
them are most appropriate, there is an emerging consensus on core assumptions 
regarding the nature of outcomes in informal science learning.4 This consensus 
aligns with the three criteria mentioned earlier.

�•	 Outcomes can be broad in nature. Currently, many types of individual outcomes 
are being investigated by researchers and practitioners in the field. The breadth 
of these outcomes is captured in the six-strands framework. Measurements of 
outcomes could also allow for varied personal learning trajectories and for learn-
ing that is complex and holistic, rather than narrowly defined. 

�•	 Outcomes can be unanticipated. Outcomes can be based on the goals and 
objectives of the program, or they can be unplanned and unanticipated, based 
on what individual learners find to be most valuable. Researchers and practi-
tioners typically begin with outcomes that are defined in advance but then add 
outcomes that emerge from learners’ experiences.

�•	 Outcomes can become evident at different points in time. While short-term 
outcomes have long been used to assess the impact of informal learning 
experiences, it is becoming increasingly evident that these experiences can have 
enduring, long-term impacts as well.

�•	 Outcomes can occur at different scales. To date, most outcome measures are 
focused on determining how the individual was influenced by the experience. 
But it is also useful to consider how the entire social group was influenced. 
For example, did group members learn about one another? Did they reinforce 
group identity and history? Did they develop new strategies for collaborat-
ing with each other? In addition, outcomes can be defined on a community 
scale, measuring how an activity, exhibition, or program affected the local 
community.

In practical terms, the kinds of assessments that work best in informal set-
tings are likely to be the ones that most closely match the setting’s learning activi-
ties. Before drawing conclusions about whether a particular experience has led to 
a particular outcome, researchers and practitioners should ask themselves:
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�•	 Are the assessment activities similar in relevant ways to the learning activities? 
At the Cell Lab stations, the process of doing the activity also served as an 
assessment of how well the participants understood the point of the experiment 
and how to interpret their results. Designing activities that can also serve as 
an assessment tool works particularly well in informal settings. This process is 
referred to as embedded, or authentic, assessment, and is currently seen as one 
of the most appropriate forms for assessing informal experiences since assess-
ment and experience align and therefore guarantee a high degree of validity.

�•	 Are the assessments based on the same social norms as those that promote 
engagement in the learning activities? For example, in assessing WolfQuest, the 
researchers used an online forum for assessment, which matched the nature of 
the activity. Social norms can easily be violated when using traditional assess-
ment systems based on school-like testing procedures and measures. Testing par-
ticipants individually when the experience was meant to be shared or assessing 
by using skills that should not be assumed (as in verbal skills or written skills) 
are examples of ways that the validity of the assessment could be threatened.

�•	 Is it clear that the learners have had ample opportunity to both learn and 
demonstrate desired outcomes? The teens working with young children at the 
homeless shelter in St. Louis (Chapter 3) illustrated how, over time, they not 
only learned relevant science content but also could demonstrate their new 
learning in multiple ways. However, it would have been inappropriate to assess 
the teens using a typical written exam, because they did not have the opportu-
nities to learn or to demonstrate their competence in a similar form. 

The NSF Evaluation Framework for Informal Science Education

Recognizing the challenge of developing appropriate, measurable, and valid 
impacts for informal experiences for learning science, the National Science 
Foundation (NSF) developed a set of impact categories that can be used to help 
guide planning, assessment, and evaluation of projects.5 The impact categories are 
as follows with connections to the six strands identified where appropriate:

�•	 Knowledge. Similar to Strand 2 (understanding scientific content and knowl-
edge), this impact refers to knowledge, awareness, or understanding that visi-
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tors can express in words or pictures that illustrate what has been learned dur-
ing, immediately after, or long after a given experience. 

�•	 Engagement. Similar to Strand 1 (sparking interest and excitement), this impact 
focuses on learners’ engagement and interest in science, including the emo-
tions evoked by the experience. These emotions can range from excitement and 
delight to negative feelings, such as anger or sadness.

�•	 Attitude. This impact refers to a change in worldview or an increase in empathy 
as a result of an experience in an informal setting. Changes in attitude toward 
science, math, engineering, or technology are connected to Strand 6.

�•	 Behavior. This impact refers to projects whose purpose is to change visitors’ 
behaviors over the long term. Often these changes are sought after experiencing 
environmental or conservation projects. This category does not have a direct 
equivalent within the strands.

�•	 Skills. Similar to Strand 3 (engaging in scientific reasoning) and Strand 5 (using 
the tools and language of science), this impact focuses on the skills of scientific 
inquiry, such as observing, asking questions, predicting, testing predictions 
through experimentation, collecting data, and interpreting them. 

The framework also allows for other than these five predetermined categories, 
thus recognizing that informal science settings may influence visitors, audiences, or 
participants in many different and important ways. 

“Without a common framework specifying outcomes 

and approaches, it is difficult to show gains in learning that occur 

across experiences and/or across time.

”
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As a final note, while it is important to document the unique and valuable 
contributions of informal opportunities for learning, there is a tension in the field 
regarding the degree to which one can or should try to standardize assessments of 
learning. On the one hand, the field has an overarching commitment to valuing 
the great diversity of ways in which informal learning experiences can positively 
affect participants. On the other hand, researchers and practitioners recognize 
the importance of building consensus in the field regarding standards for research 
methods and learning outcomes. Without a common framework specifying out-
comes and approaches, it is difficult to show gains in learning that occur across 
experiences and/or across time. Success in creating more rigorous, meaningful, 
and equitable opportunities for science learning depends on understanding what 
opportunities for science learning exist across the educational landscape; what the 
nature of this learning is in a variety of environments; how outcomes currently 
complement and build on one another; and how designs, processes, and practices 
for supporting learning can be improved in the future.

ASSESSMENT AND EVALUATION

The educational research community generally makes a distinction between assess-
ment and evaluation. Assessment is the set of approaches and techniques used 
to determine what individuals learn from an experience. Evaluation is the set 
of approaches and techniques used to make judgments about the effectiveness 
or quality of a program, approach, or treatment; improve its effectiveness; and 
inform decisions about its design, development, and implementation. Assessment 
targets what learners have or have not learned, whereas evaluation targets the 
quality of the experience or intervention. While assessment is often, though not 
always, part of an evaluation, it is important to recognize that they are separate 
endeavors.

The broad enterprise of evaluation includes various phases, which tend to be 
referred to in the field of informal science education as front-end evaluation, for-
mative evaluation, and summative evaluation. The first stage of program develop-
ment, which includes identifying appropriate goals and determining the audience, 
is often referred to as front-end evaluation. During the design and development 
phase of a project, formative evaluation is often conducted. The purpose of this 
step is to determine what is working—or not working—before the project is com-
pleted. In other words, front-end evaluation helps challenge assumptions and pro-



Copyright © National Academy of Sciences. All rights reserved.

Surrounded by Science: Learning Science in Informal Environments

Surrounded by Science112

vides important information that helps conceptualize a project. Formative evalu-
ation is part of evidence-based design processes that are open to cycles of design 
and testing. In The Mind exhibition developed at the Exploratorium, for example, 
Erik Thogersen went through a formative evaluation phase by prototyping differ-
ent possibilities for the exhibition with visitors to the museum. Some ideas became 
part of the finished exhibition, and others were rejected. This process provides a 
midpoint check for developers so that they continue to question their assumptions 
about the project, consider whether goals and objectives are being met, and make 
necessary changes before the project is completed. 

The final phase of the evaluation process is the summative evaluation. 
Conducted after the project is completed, the purpose of this evaluation is to 
document whether the learning goals (or any other goals for that matter) estab-
lished at the beginning of the project (and likely updated over time) were met and 
whether there is room for improvement. During this phase, some unplanned-for 
learning outcomes may also be noted. Summative evaluations document program 
or project success and are often done as part of accountability measures, although 
more and more, calls for generalizable results move many summative evaluation 
designs into research with the potential to inform practice or contribute to the 
overall knowledge base.

A full discussion of the complexities of evaluation, including appropriate 
designs, is beyond the scope of this book. The NSF Evaluation Framework is a 
good starting point for a deeper exploration of issues related to evaluation and 
includes a list of resources in its appendixes. 

O O O
	

This chapter discusses an approach that can be used as a guide in planning and 
executing assessments in informal science environments. A key element of this 
approach is the value of up-front planning, during which it is important to set 
goals for the project and get to know the audience. Knowing what the learning 
goals are at the beginning of the project can help contribute to its success and is 
essential for effective assessments. 
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The next phase of the assessment process is the development of assessments 
that appropriately measure what they purport to measure in ways that are in 
keeping with the nature of the learning experience. The free-choice, self-directed 
nature of many informal learning experiences makes the development of such 
assessment measures difficult. Assessment measures need to be collected in ways 
that do not violate the experience itself. Embedded or authentic assessments may 
most appropriately document science learning from informal experiences.

Although much progress has been made in understanding how to conduct 
assessments and interpret data gleaned from the process, more work needs to be 
done. By continuing to build consensus about the best way to perform assess-
ments, it will become easier to develop effective ways to document the learning 
that occurs in a wide range of informal science settings.

Things to Try

To apply the ideas presented in this chapter to informal settings, consider the 
following:

�•	 Is there a clear link between planning and assessment? Evaluators are realizing 
the importance of connecting the planning process to evaluation goals. Has this 
idea gained traction in your setting? Do you see ways to link the two processes? 
Do you align the kinds of data you collect with your goals?

��•	 Consider whether you have defined appropriate goals, outcomes, and indicators 
that guide assessment. Are these goals appropriate for the experience? Are you 
aiming too high (“increase science literacy in the United States through inter-
pretive walks in our arboretum”) or too low (“the 3-week biodiversity trip to 
Costa Rica’s main nature preserves will increase awareness for the need to pro-
tect local resources”)? Are goals defined in ways that capture the breadth and 
depth of learning outcomes for all important audiences?

�•	 Consider unintended outcomes. Assessment can focus on clearly defined out-
comes, but in informal settings there are often far more outcomes than can be 
programmed for or can be assessed. Do you have a full understanding of the 
learning benefits that your audiences or participants derive? Talk to your par-
ticipants or your audiences about the way they see themselves benefiting from 
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the experiences offered there. This can help you to identify additional unin-
tended outcomes if brainstorming and careful analysis have not mapped the 
entire spectrum of possible outcomes already. 

�•	 Think about how to refine assessment instruments. This chapter discussed 
assessment instruments and some assessment approaches and how they fit the 
outcomes they are designed to measure. Consider whether assessment instru-
ments currently being used at your institution can be modified and improved 
based on these ideas.

•	 Share with others. There are many ways to share your assessment experience 
with others. Make your insights available to the community of informal science 
educators and draw from other experiences as well.

�•	 Utilize external resources. A variety of online resources are now available that 
support assessment and evaluation, and articles and books that address these 
issues are of increasing quality. Websites that archive resources in informal sci-
ence learning and teaching (http://www.informalscience.org), after-school pro-
gram assessment (http://atis.pearweb.org/), or visitor studies (http://www.visitor 
studies.org) provide gateways into the assessment and evaluation community.

�•	 Seek outside expertise. Cooperation and collaboration with academic institu-
tions or professional evaluators will provide access to important knowledge 
and skills, but ensure that the professionals have the appropriate qualifications 
and experience to address the unique features and complexities of informal sci-
ence learning. 
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7Culture, Diversity, and Equity 

Native Waters: Sharing the Source, a traveling exhibit developed by the Native 
Waters project at Montana State University, has a double message. Its goal is to 
share cultural views about water held by the tribal peoples of the Missouri River 
Basin as well as scientific concepts about the Missouri River and its watershed. 
The exhibit accomplishes its double-pronged goal through its design, informative 
text panels, and interactive features.

The exhibit is set up like an Indian tipi, with the inside space designated as a 
place to hear stories about native culture. A sculpture of a spring takes center stage, 
with four banners, pointing in the four cardinal directions (north, south, east, and 
west) emanating from the spring. Each banner is illustrated with native drawings 
and includes quotes from Missouri Basin elders and tribal members. Visitors learn 
about sunrise and sunset on the east and west banners and about the phases of 
the moon, which cut across geographical boundaries. On the tipi wall is the story 
of the Missouri River. It begins in the Rocky Mountains and travels east until it 
reaches Cohokia, a native settlement that once had a population of 50,000. 

The story of the river is told as a blend of scientific and native elements. As 
the river moves eastward and downhill, seasonal changes affect its size, creating 
what often is referred to as its pulse. According to native lore, the movements of 
the river also represents the idea that while traveling forward, one should also 
remember one’s past, just as the river carries remnants of its origins.

This example illustrates one strategy for closing the gaps that can exist 
between the beliefs, values, and practices of some communities and those embod-
ied in Western science. By incorporating elements of native culture into a sci-
ence exhibit, the designers are blurring the border between Western and native 
approaches to understanding the natural world, requiring all visitors to examine 
their own worldviews. 
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An important value of informal environments for science learning is being 
accessible to all people. However, social, economic, cultural, ethnic, historical, and 
systemic factors all influence the types of access and opportunities these environ-
ments provide to learners.1 Learning to participate in science—that is, developing 
the necessary knowledge and skills, as well as adopting the norms and practices 
associated with doing science—is difficult for many people. It can be especially chal-
lenging for members of traditionally underrepresented (or nondominant) groups. 

The challenges of engaging nondominant groups in the sciences are reflected 
in studies showing that (1) inadequate science instruction exists in most elemen-
tary schools, especially those serving children from low-income and rural areas; 
(2) girls often do not identify strongly with science or science careers; (3) students 
from nondominant groups perform lower on standardized measures of science 
achievement than their peers; (4) although the number of individuals with disabili-
ties pursuing postsecondary education has increased, few pursue academic careers 
in science or engineering; and (5) learning science can be especially challenging for 
all learners because of the specialized language involved.2 Addressing these chal-
lenges requires rethinking what it means to provide equal access to science.

RETHINKING EQUITY

Striving for equity in science education has often resulted in attempts to provide 
better access to opportunities already available to dominant groups, without con-
sideration of the cultural or contextual issues that must be taken into account. 
Science instruction and learning experiences in informal environments often privi-
lege the science-related practices of middle-class whites and may fail to recognize 
the science-related practices associated with individuals from other groups. In 
informal settings for learning science, such as museums, some initiatives are aimed 
at introducing new audiences to existing science content by offering reduced-cost 
admission or bringing existing science programming that is already offered to 
mainstream groups to nondominant communities.

The logic of this view is that individuals from particular groups or com-
munities have simply not had sufficient access to science learning experiences. To 
remedy that situation, educators deliver to nondominant groups the same kinds of 
learning experiences that have served dominant groups. However, simply exposing 
individuals to the same learning environments may not result in equity, because 
the environments themselves are designed using the lens of the dominant culture. 
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For example, the signs and labeling of an exhibition or the content of a program 
may be in English only, or a program for families may be designed to accommo-
date the one- or two-parent family structure typical of many middle-class, white 
families, rather than the multigenerational, extended family structures that may be 
prevalent among other groups. 

To achieve equity, practitioners must consider ways to connect the home and 
community cultures of diverse groups to the culture of science. Angela Calabrese 
Barton, professor of science education at Michigan State University, argues for 
allowing connections between learners’ life worlds and science to be made more 
easily and “providing space for multiple voices to be heard and explored.”3

An important first step toward designing more inclusive and genuinely equi-
table learning experiences in science is for educators and designers to recognize that 
they may be acting under assumptions that reflect the dominant culture of middle-
class whites. As a result, the programs, activities, and exhibits they design may 
have narrow appeal and lead people from nondominant cultures to perceive them 
as directed by and designed for the dominant group. Cecilia Garibay, principal of 
the Garibay Group, points to a number of indicators identified through research 
that can support this perception, including the lack of diverse staff, a feeling that 
the content is not culturally relevant, and the unavailability of bilingual or multi-
lingual resources. In fact, recent research with various cultural groups suggests that 
these issues result in nondominant communities feeling unwelcome in museums.4 

Approaching these problems with outreach efforts may inadvertently rein-
force the image of informal settings as being part of the dominant culture. The 
term outreach itself implies that some communities may be external to the institu-
tion. Promoting collaboration, partnership, and diversity in power and ownership 
may provide greater opportunities for nondominant groups to see their own ways 
of thinking and meaning-making—or making sense of what they are seeing and 
experiencing—reflected in informal settings. 

“Promoting collaboration, partnership, and diversity in power and 

ownership may provide greater opportunities for nondominant groups to see 

their own ways of thinking and meaning-making—or making sense of what 

they are seeing and experiencing—reflected in informal settings.

”
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To this end, making adjustments such as providing labels or program con-
tent in multiple languages has been shown to make a significant difference. Not 
only does this practice help members of other cultures identify key elements in 
an informal experience, but it also facilitates conversation and enhances learn-
ing among intergenerational groups.5 That said, it is important to point out that 
providing content in multiple languages is a big undertaking for a museum or 
other provider of informal science learning experiences. It requires adjustments to 
the exhibition or program development process and incurs costs for translation, 
proofing, and production. It may also require tough choices regarding which lan-
guages and cultures to include. However, the additional investment is an impor-
tant step toward providing more equitable learning experiences. Electronic labels 
on touchscreens equipped to display multiple languages, while expensive, can 
address a variety of challenges, including the option of providing more detailed 
information on request. Alternatively, another way to accomplish the same goal is 
to have a non-English-speaking mediator available to “talk through” the experi-
ence with the visitors. Again, a non-trivial investment.

Attention to language differences is only one component of designing for 
equity. It also is important to consider variation in beliefs, values, and norms of 
social interaction, such as variability in family structure, gender roles, and pat-
terns of discourse (e.g., the role of questioning in a conversation). Many informal 
institutions nationwide are addressing these issues and modifying exhibitions to 
reflect these differences. The next case study is one such example. It describes how 
a large children’s museum, Children’s Discovery Museum in San Jose, California, 
established an ongoing relationship with the city’s growing Vietnamese popula-
tion; through this partnership, the museum was able to develop a significantly 
more inclusive learning experience. The museum’s work in this area highlights 
both its challenges and rewards.
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everyday SCIENCE 

In 2002, the Children’s Discovery Museum (CDM) 

launched its Vietnamese Audience Development 

Initiative to better understand San Jose’s growing 

Vietnamese community and to develop strategies 

for helping the museum better meet the commu-

nity’s needs. San Jose is home to more residents 

of Vietnamese descent than any other city outside 

Saigon. 

After gaining experience working with another 

cultural group—the Latino community—museum 

staff decided to begin working with the Vietnamese 

community. They also recognized that the Vietnamese 

community represents a fairly low percentage of its 

visitors and wanted to develop exhibitions and pro-

grams that would appeal to this audience. 

Based on the success of the Latino Audience 

Development Initiative, the Vietnamese initiative 

used an outreach model that involved a three-phase 

process:

1.    Community assessment and relationship building;

2.   Development of an operational strategy, an 

exhibition, educational programs, an event, and 

marketing and governance strategies; and

3.    Full-scale implementation of developed 

strategies. 

From the outset, the initiative brought in 

advisers from the Vietnamese community to build 

long-term relationships and to help with exhibition 

and program planning. “We held focus groups to 

find out what was important to Vietnamese visitors,” 

says Jenni Martin, director of education. “We learned 

about some cultural icons and discussed the pros and 

cons of having the labels translated into Vietnamese. 

Throughout our collaboration, the welcoming mes-

sage that we sent was very important.”

The Community’s Perceptions 

An analysis of the data from the focus groups shed 

some light on what the Vietnamese look for in their 

leisure destinations and how CDM did—and did 

not—meet their needs. Many Vietnamese parents 

saw a number of positive aspects to the CDM experi-

ence, including

• a safe, clean environment,

• important focus on math and science,

• excellent customer service and friendly staff,

• valuable exhibits for younger children, and

• genuine efforts to reach out to the Vietnamese 

community.

However, focus group participants also pointed 

out many barriers to visiting the museum, such as 

the cost of admission, lack of transportation, park-

ing fees, and the location. More specifically, many 

first-generation respondents were not comfort-

able with the location of the museum, which is not 

close to areas of high concentration of Vietnamese, 

making the neighborhood less familiar. They also 

found the logistics of paying for parking challenging. 

Furthermore, the lack of Vietnamese-speaking staff, 

particularly at the museum entrance, made it difficult 

The Vietnamese Audience 
Development Initiative
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for some families to communicate, contributing to 

their lack of comfort. 

	 It also appears that perceptions of muse-

ums were a barrier. The word “museum” seemed 

to carry negative connotations for a lot of families. 

Respondents saw museums as passive, old, and 

academic versus interactive and engaging. In their 

minds, museums were associated with places that 

display old historical artifacts for visitors to view but 

not necessarily touch and interact with. Many focus 

group participants did not see how CDM provided 

more educational and fun experiences; in some 

cases, they weren’t even sure what the goals of the 

museum were, despite having visited the museum 

before participating in the focus group discussions. 

Values related to education more broadly may 

have played a role in these perceptions. Traditionally 

education is highly valued in Vietnamese culture and 

is perceived as being the sole responsibility of the 

school system and the teachers. Parents tend to keep 

some distance from their children’s education. In ad-

dition, to some extent play and learning are seen as 

two distinct activities. This perception may be one of 

the reasons that focus group participants were not 

clear on the goals of the children’s museum, which is 

intended to be both fun and educational. 

Generational differences in the Vietnamese 

community also emerged. First-generation members, 

or those born outside the United States, tend to 

speak Vietnamese in the home and tend to live in 

more insular communities. They value their cultural 

traditions and enjoy sharing and talking about their 

memories of life and traditions in Vietnam. 

Individuals who immigrated to the United 

States as children (referred to as 1.5 generation) and 

second-generation members (those born in the United 

States) are more likely to be acculturated, may speak 

the Vietnamese language but have limited reading 

and writing abilities, and in general are less tied to 

Vietnamese customs. They enjoy seeing their tradi-

tions reflected in their community and like the idea 

of exposing their children to the traditions. However, 

they also value multicultural perspectives and seek to 

instill in their children respect for all cultures.

Planning an Exhibition for 
the Vietnamese Community

One of the first major projects for the partners in 

the initiative was to plan a museum exhibition on 

mathematics and science called Secrets of Circles. The 

goal of the exhibition was to introduce young chil-

dren to the concept of a circle as a geometric shape 

seen in nature and their everyday life. The exhibition 

included stations at which visitors can use a compass 

to draw circles; explore the rolling and spinning 

patterns of three-dimensional circles; and observe 

spinning circles that change into cylinders, a sphere, 

and a torus. Throughout the exhibition, children and 

their caregivers learn about the math, science, and 

beauty of this shape. 

Based on feedback from the community and 

their own research, museum designers incorporated 

some key Vietnamese cultural icons into the exhi-

bition. For example, bamboo was selected as the 

main building material for the exhibition, and the 

Vietnamese round boat and a rice sieve were used as 

examples of circular objects. Museum staff also de-

liberated about whether to translate the labels into 

Vietnamese. Despite their awareness that younger 

Vietnamese people may not read the language, they 

decided to move forward with the translations. “It 

was a good decision,” says Martin. “In particular, 

first-generation Vietnamese were glad to see the text 

and graphics in their language.”

According to the summative evaluation of 

Secrets of Circles completed by Allen and Associates, 

many of the exhibition’s elements succeeded in help-

ing families feel more comfortable at the museum.6 
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Many visitors especially enjoyed seeing the round 

boat, which sparked conversation about their lives in 

Vietnam: As one visitor stated, “The round boat re-

minds me of the area where I used to live in Vietnam. 

This kind of boat is popular in the middle of the 

country. In the mornings, I used to walk to the beach 

to see the fish, shrimps, or crabs unloaded from 

these boats. The bamboo, the pulley, and the rice 

sieve on the wall all remind me of the good times in 

Vietnam.” 

Other visitors, however, were concerned that 

too many Asian elements were incorporated into 

the exhibition along with the Vietnamese ones. One 

visitor said that “the Circles exhibits should make 

it clear whether the theme is countries in Asia, like 

China, India, Laos, Thailand, Cambodia, or just the 

Vietnamese culture, when you have Chinese charac-

ters on the hats and Chinese lanterns and umbrellas.”

Martin observed that the use of Chinese cloth 

hats turned out to be particularly problematic for 

Vietnamese visitors. “We started out with tradi-

tional Vietnamese straw hats, but they did not hold 

up, which made them a potential safety hazard,” 

explains Martin. “Making the decision to change to 

the cloth Chinese hats had ramifications that we did 

not expect.”

To address some of these criticisms, the mu-

seum is already working to improve the exhibition. 

They have purchased a traditional cyclo (or pedicab) 

to add as another example of a circle. They also are 

considering adding a Vietnamese drum. 

It is interesting to note that much of the 

negative response to the exhibition, especially the 

inclusion of non-Vietnamese elements, came from 

first-generation Vietnamese. Generation 1.5 and 

second-generation Vietnamese were much less par-

ticular about those issues and were very enthusiastic 

about the exhibition. One community leader felt 

that despite these problematic details, the exhibition 

captured the essence of what she considered to be 

Children explore the Vietnamese round boat, an icon 
of this culture.
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Vietnamese: “I love the look of it, coming in to the 

bamboo makes it really comfortable. . . . Sometimes 

science exhibits are more professional or academic, 

and less inviting. But this one with the umbrellas, 

it’s a really fun place to be in. And it reminds me of 

Vietnam, just the different bamboo that I’ve seen 

in my life, it makes me really comfortable. And the 

fabrics and colors feel very rich.”

Progress Made, More Work Ahead 

From the outset, the initiative brought in advisers 

from the Vietnamese community to build long-

term relationships and to help with exhibition and 

program planning. The evaluation of the initiative 

indicated that museum staff have developed very 

strong and solid relationships with community advis-

ers. Advisers noted that they felt the partnership was 

a positive one, in which everyone’s ideas were heard 

and which gave them an opportunity to share their 

knowledge and experiences. What’s more, the advis-

ers expressed great appreciation for being invited to 

participate and partner with CDM. 

The strong relationships forged with advisers 

have resulted in a cadre of people deeply commit-

ted to the mission of the museum and the vision of 

better serving the Vietnamese community. These 

advisers mentioned that their ongoing involvement 

emerged from the museum staff’s commitment to 

diversity, manifested in the open, collaborative way 

they worked with the advisers. 

While relationships with the advisers are 

strong overall, the most active and supportive part-

ners were those who worked at organizations whose 

mission closely aligned with that of CDM. These 

partners not only understood what the museum 

offers, but also noted that their own organizations 

are working toward similar goals, such as education; 

as a result, these organizations were invested in the 

project. Because of the crucial role that partners play 

in the initiative and the fact that many are already 

stretched in terms of time and money, advisers com-

mented on the need to expand community relation-

ships beyond the current team. 

The experience working on the exhibition and 

the initiative as a whole has been an eye-opening 

one for the museum staff. For one thing, the staff 

discovered that developing an understanding of and 

competence with a culture is an ongoing process. In 

fact, according to the Garibay Group’s final evalua-

tion, even after working on the project for several 

years, many staff members still felt tentative about 

their decisions and were concerned that they may 

inadvertently offend Vietnamese community mem-

bers. One recommendation made by the evaluator 

that may help considerably is to hire Vietnamese 

staff who can serve as “cultural translators” for the 

museum staff who are not Vietnamese, helping to 

bridge the gap between the museum’s culture and 

that of the Vietnamese community. 

Although staff members learned a lot from the 

initiative, they recognize they still have a long way to 

go. “Being involved in the Initiative has raised many 

questions for me,” says Martin. “I’m still not com-

pletely satisfied that we have been successful in our 

work with the Vietnamese community. We would like 

to continue to build that relationship.”7
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This case study illustrates the value of drawing on participants’ cultural 
practices when designing informal learning environments. This can be accom-
plished by incorporating everyday language, linguistic practices, and local cultural 
experiences. While designers of informal programs and spaces for science learning 
have long recognized the importance of building on participants’ prior knowledge 
and experiences, the integral role of culture in shaping knowledge and experience 
is not always appreciated. There are many challenges to forming true collabora-
tions resulting in programs, exhibitions, and activities that integrate traditional 
knowledge, beliefs, and practices with the knowledge and practices of Western 
science. However, the CDM’s Vietnamese initiative demonstrates that success is 
possible.

Indeed, research and evaluation on other efforts in museums to better 
address diversity show that the resulting enhancements can improve learning. 
For example, bilingual interpretive labels in English and Spanish in communities 
with large Latino populations allowed adult members who were less proficient 
in English to read the labels and discuss the content with their children, directly 
increasing attention and improving learning outcomes.8 In another case, providing 
a Spanish-speaking mediator promoted more scientific dialogue. Finally, in a bilin-
gual summer science camp at an aquarium offered in English and Spanish, partici-
pating girls were very positive about the experience in part because they learned 
science terminology and concepts in both languages and thus could better commu-
nicate with their parents (who were predominantly Spanish-speaking) about what 
they were doing and learning. This increased their confidence and helped bridge 
the program and home environments.9

“There are many challenges to forming true collaborations 

resulting in programs, exhibitions, and activities that integrate traditional 

knowledge, beliefs, and practices with the knowledge and practices of 

Western science.

”
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DESIGNING INFORMAL SCIENCE EXPERIENCES FOR PEOPLE 
WITH DISABILITIES 

Another group that is often excluded in informal science settings is people with 
disabilities. With the number of people with cognitive, physical, and sensory dis-
abilities currently making up a significant portion (18 percent) of the population, 
this group also needs to be considered in the planning and development of infor-
mal science experiences. 

People with disabilities face multiple obstacles when trying to take advan-
tage of these opportunities. Some issues are physical; for example, navigating a 
space can be problematic for people in wheelchairs and for those who are blind. 
Other issues, however, are related to a culture gap that must be bridged, much 
like cultural differences between various ethnic groups and informal science set-
tings. Removing cultural barriers, however, is much more difficult than address-
ing physical ones.

Exhibit and program designs that serve visitors who face physical, sensory, 
or cognition challenges tend to benefit all visitors: larger font sizes and improved 
lighting are essential for vision-impaired visitors but also make any visitor less 
tired from reading. “Universal design,” the practice of accommodating all visitors 
regardless of their ability levels, tends to make designed learning spaces accessible 
and useful for all.

The following case study explains how designers at the Museum of Science, 
Boston, went about this task as they planned and developed an exhibition called 
Making Models. As planners at CDM did, Museum of Science staff worked close-
ly with members of the targeted communities to make the experience both acces-
sible and equitable.
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Key Steps to building relationships with communities

If there is one lesson that can be learned from the experience of the CDM, it is the importance of building strong 
relationships with communities of nondominant groups. The museum accomplished this goal by forming an advi-
sory committee at the beginning of the project, and its assistance proved essential to the program. But even with 
the committee’s guidance, subtle differences within the community, such as differences in attitudes between first 
and subsequent generations, were not recognized until after important decisions had already been made.

Other institutions have also begun their work with different cultural groups by starting at the community 
level. At the Exploratorium, for example, museum staff recognized how little they knew about both the Latino 
and Asian communities that visited the museum or could potentially visit. As a result, they set out to learn more 
about these communities before doing any program planning. 

In 2004, the Exploratorium began the learning process by going out into both communities to conduct 
informational interviews and recruit members for their advisory committee. Through collaboration with these 
leaders, the Exploratorium discovered that overcoming the language barrier is essential, along with developing 
a program that has some cultural significance. As the first step in reaching out to these two communities, the 
Exploratorium developed a series of public programs. 

The first of the three, Ancient Observatories: Chichen Itza, used a compelling science topic as its starting 
point. The program was enriched through the addition of cultural activities and interpretation. It was con-
ducted in two languages—English and Spanish. The next effort, Science of Dragon Boats, began with a cultural 
topic that was enhanced through the addition of science activities and demonstrations. The third program, 
Magnitude X: Preparing for the Big One, emphasized the relevance of a science topic to daily life and added 
activities and demonstrations to make this point. This program was conducted in three languages staggered 
over the course of the day. There was an English session, a Chinese one, and a Spanish one. “This was not easy 
to pull off,” notes Garibay, who worked with the Exploratorium on its front-end evaluation. “It was an indica-
tion that museum staff took this work very seriously.” 

The experiences of both CDM and the Exploratorium point to several strategies that could be applied to 
other informal science environments. These strategies are summarized below.
�
•	 Draw on cultural practices of the learners. The language, practices, and experiences of visitors clearly 

affect their experience. By becoming aware of some of these practices, professionals in informal science can 
incorporate them into their settings. CDM had success with this strategy by incorporating cultural icons, 
such as the round boat, into its exhibition.

�•	 Develop bi- or multicultural labels. Not only can labels translated in different languages provide specific 
content to diverse audiences, but also they can spark conversation and meaning-making, especially among 
intergenerational groups with varying language abilities. Garibay notes that bilingual labels allow adult 
visitors who were less proficient in English to read the labels and then discuss the content with their chil-
dren, directing their attention to important features of the exhibit. 

�•	 Build relationships with the community. Working with community-based representatives from nondomi-
nant cultures is an essential part of the process. CDM’s Jenni Martin notes the role that the Vietnamese 
community played throughout the initiative: “Working with the community is part of our mission as a chil-
dren’s museum,” she says. “Leveraging trust with our partners, which include a community advisory group 
and the Vietnamese language media, has been critical to the success of our initiative.” Community leaders 
also can demystify museums (or other informal learning settings) for members of their community and help 
them understand the full range of available programs and activities.
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everyday SCIENCE 

The Museum of Science, Boston, has a long-standing 

commitment to developing exhibits for people with 

disabilities. More than 20 years ago, Betty Davidson, 

a museum exhibit planner who was in a wheelchair 

herself, paved the way by working with a team to 

redesign a diorama exhibit with multisensory com-

ponents. Christine Reich, manager of research and 

evaluation, drew inspiration from that early work 

during the design of Making Models. The goal of 

this exhibition is to explain what a model is, present 

examples of different models, and give visitors the 

opportunity to experience how to make models. Their 

hope was to ensure not only that people with dis-

abilities would have access to the exhibition, but also 

that they would be able to learn the science behind 

making models, largely because the material was 

presented in a culturally sensitive way. 

Reich and the other members of the Making 

Models team set the bar high. They wanted to create 

some exhibits for people with many disabilities: 

wheelchair users, those who are blind or have 

low vision, and people who are deaf or hard of 

hearing. To accomplish this goal, they organized 

a community advisory group that consisted of 

people with various disabilities who were also 

experts on access, representatives from state 

agencies, or activists in the field. One member 

of the group, a science illustrator, had some 

expertise about modeling and also had multiple 

sclerosis. Another member had low vision and 

worked at a community services organization 

for older adults with low vision. Another, who 

was in a wheelchair, could move only his hands; 

this individual had extensive knowledge about 

psychology and the arts. Each advisory group 

member brought a much-needed perspective to the 

conversation. 

The elements in the exhibition ended up incor-

porating many of the ideas discussed by the advisory 

group. For example, the human models were not just 

of able-bodied people. One of the male models was 

a tall African American with a prosthetic leg. The 

leg shown was not state of the art, either; it was the 

kind of prosthesis that ordinary people would prob-

ably purchase. And three models of hands showed 

them signing the letters A, S, and L, which stand for 

American Sign Language.

Interactives also were a part of the exhibition, 

and the key to designing them was to ensure that 

visitors could access them using multiple senses. “At 

Culturally Relevant Exhibits 
for People with Disabilities

Making models by placing beaded metal chains on to 
magnetic boards allows visitors with physical disabili-
ties to interact with exhibit materials.
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the model-making station,” explains Reich, “people 

with limited reach could create a model using beaded 

metal chains on a magnetic board. At another station, 

they could build a model by pressing buttons.”

Two particularly innovative options allowed vis-

itors to build models using light or sound. On a stage, 

visitors could manipulate color, the position of light, 

and its intensity to create a seasonal image, such as 

a sunset in winter or a sunrise on a summer day. The 

buttons and knobs that manipulated the light were 

easily reachable without moving, and there were 

places where visitors could rest their wrists. 

At the sound station, visitors could select 

sounds from a series of electronic files to create a 

scene. Sounds included snoring, meowing, an alarm 

going off, or people chatting. Like the light stage, 

the sound models were created by pressing buttons 

and turning knobs. 

Throughout the exhibition, visitors had access 

to audio and text labels, so learning was possible 

through either mode. The availability of multiple mo-

dalities for learning also meant that a sighted visitor 

could explore the exhibition with a friend with low 

vision, or that parents could have different ways to 

explain ideas related to the science to their children. 

The exhibition area also was easy for individuals in 

wheelchairs to navigate. 

The Impact of the Exhibition 

Did these adaptations increase the ability of disabled 

visitors to engage with the exhibits and to learn the 

science? According to the summative evaluation 

report,10 in many ways, they did. For example, those 

with mobility impairments—wheelchair and scooter 

users and amputees—could get around without any 

trouble. One obstacle reported, however, was that 

objects in a case were hard to see, and an amputee 

noted the need to have more places to sit down. 

Blind and low-vision visitors, however, did find 

some parts of the exhibition difficult to access. Some 

expressed disappointment that they couldn’t touch 

the objects described in the audio, while others were 

frustrated if they had trouble getting the sound to 

work. One blind visitor suggested the following: 

“The exhibit needs an overall orientation, and a 

Braille map would be helpful, too. Some of the sta-

tions need to provide more feedback to blind visitors 

in order to be accessible. . . . Some type of clearer 

pathway would benefit some disabled visitors.” 

The report also revealed that even though it 

is extremely difficult to make every exhibit acces-

sible to every visitor, enough options were available, 

making the experience equitable in the opportuni-

ties it provided for learning. According to the evalu-

ation report, about one-third of these visitors said 

their understanding of models changed as a result 

of the exhibition, a response rate similar to that of 

able-bodied visitors. Yet there was still room for 

improvement.

“The goal is to make sure that there are enough 

experiences so that all visitors feel included,” says 

Reich. “And some exhibits carry more weight than oth-

ers. If people are excluded from ‘landmark exhibits,’ 

they feel like they missed out on the experience.”

Moving forward, Reich notes that many mu-

seums, including the Science Museum of Minnesota 

and the North Carolina Museum of Life Sciences, are 

working hard on issues of accessibility and equity. 

But there is much to learn. “Professionals want a 

checklist, a list of items they can check off and then 

say that they have done everything right,” says Reich. 

“But that’s not the way this works. What is really 

involved is a willingness to engage in a process of 

involvement and engagement, a change in mindset, 

and a re-assessment of what is ‘normal.’ Then people 

will realize that they need to tend to all these issues 

in order to reach everyone.”10 
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INTEGRATING NATIVE AMERICAN CULTURE WITH SCIENCE

In our discussion of the importance of culture in science learning, we have focused 
on how informal learning institutions can partner with members of the commu-
nity, particularly those who represent nondominant groups, to rethink the way the 
institutions approach designing programs, exhibits, and other activities. When suc-
cessful, these kinds of initiatives integrate elements drawn from the nondominant 
culture with scientific ideas and practices and offer access points to science that 
may previously have been unavailable to members of the group.

The role of culture and the need for collaboration are particularly impor-
tant when the beliefs, language, and cultural practices of a particular group have 
historically been devalued or even suppressed. The experience of many Native 
American tribes provides one such example. Native Americans have long been 
disenfranchised from their land and culture, and they have even been discouraged 
from speaking their languages and carrying out traditional ceremonies. As a result, 
the value of native knowledge and their beliefs about the natural world have often 
gone unrecognized; in fact, many people perceive a conflict between native under-
standing of the natural world and scientific understanding.

The need to make science education meaningful for Native Americans 
has long been recognized by respected leaders in the field. Thirty years ago, the 
American Association for the Advancement of Science (AAAS) called for using an 
ethnoscientific as well as bilingual approach to teaching science in particular con-
texts.11 In response, scholars called for science education that directly relates to the 
lives of native students and tribal communities. Scholars such as Glen Aikenhead, 
who is an expert in this field, agree that to be most effective, learning environments 
must be connected and relevant to each particular Native American tribe.12 

Native Science Field Centers, supported by the efforts of the Hopa Mountain 
program, strive to create such environments in their year-round programs for 
elementary and middle school students. These programs connect traditional cul-
ture and language with Western science. Currently there are three Native Science 
Field Centers—one on the Blackfeet Reservation in collaboration with Blackfeet 
Community College (Montana), one on the Wind River Reservation in collabora-
tion with Fremont County School District No. 21 (Wyoming), and one on the Pine 
Ridge Reservation in collaboration with Oglala Lakota College (South Dakota). 
The following case study focuses on the Blackfeet Native Science Field Center.
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everyday SCIENCE 

During one of their after-school field trips, youth 

participating in the Blackfeet Native Science Field 

Center went out to gather willow. Before they be-

gan, the group huddled in a circle, recited a prayer 

in their language, and held hands while making an 

offering of tobacco. Helen Augare, director of the 

center, explained that the youth are learning that 

this is the respectful way to proceed before picking 

plants. By practicing this tradition, students learn 

that they have a reciprocal relationship with Mother 

Earth and that they should take only what they need. 

The participants then started their hike 

through knee-deep snow and thick brush to find and 

gather willow for their projects. They planned to 

travel back to their meeting place on the campus of 

Blackfeet Community College and use the willow to 

learn the process of constructing backrests and snow-

shoes—technologies that their ancestors engineered 

generations before them. 

Activities such as this one are part of the 

Native Science Field Centers, whose overarching goal 

is to merge Western science concepts with traditional 

ecological knowledge of tribal communities. The pro-

gram, launched in 2006, is held year-round, with four 

6-week sessions that run in concert with the seasons. 

During the school year, participants meet three times 

a week, and during the summer they come every 

day. The Blackfeet site is designed to provide science, 

technology, engineering, and mathematics learning 

opportunities for youth and adults by introducing 

them to culturally significant sites, birds, plants, and 

animals. Activities incorporate their tribal language 

and offer learning enrichment through presentations 

by tribal elders and professionals.

The program is a community-wide effort. An 

advisory board ensures that program developers are 

implementing traditional knowledge in an appro-

priate way and provides guidance and support in 

developing cultural curriculum materials and finding 

resources. Parents, teachers, and tribal elders contrib-

ute by donating materials for youth projects, sharing 

their knowledge, and volunteering their time during 

activities. 

Buy-in for recruiting and retention is achieved 

during the program’s orientation session for parents, 

who are generally amazed at how much their chil-

dren are learning. “We’re trying to do more than just 

teach biology and ecology, and even more than just 

teach culture or history,” Augare explains. “We’re 

trying to show kids the spiritual element—how to 

take that in and make it a part of their worldview.”

Merging Native Culture 
and Language with Science
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A big part of the program is introducing par-

ticipants to the land by monitoring sites and collect-

ing data about culturally significant plant and animal 

species. “We went to tribal leaders to ask them what 

animals to include,” says Augare. “Then we explain 

how they are part of the ecosystem, which they have 

a responsibility to care for.” 

 To reinforce the importance of care for the 

land and the plants and animals that depend on it, 

the group worked with community members to put 

on a skit about climate change. A teacher fluent 

in the native language wrote the skit and helped 

the kids learn their lines—all in the Blackfeet lan-

guage. The show emphasized how lessons can be 

learned from animal behavior and by observing the 

balance of the four elements—wind, fire, water, 

and land. Learning these lessons is meant to allow 

the Blackfeet to adapt to climate change and keep 

mother Earth healthy. 

Over the long term, the program is working 

to build an interest among native people in pursuing 

careers in science. With professionals from the com-

munity serving as role models, this generation has 

opportunities not available to their grandparents. 

Because of improved education systems and positive 

learning environments, there are a growing number 

of Native Americans studying science and select-

ing careers in different disciplines. More and more, 

native students feel proud of their heritage and 

celebrate the contributions to science made by their 

ancestors. They also are motivated to work toward 

the advancement of their tribal nation. 

The Blackfeet program is still quite new, and 

its leaders are currently working on evaluation tools 

that reflect the indigenous perspective. Their goal is 

to be able to demonstrate how the spiritual con-

nection can be a motivating factor in learning. “The 

Blackfeet are proud of their culture and proud of 

their history,” says Bonnie Sachatello-Sawyer, execu-

tive director of the Hopa Mountain Program. “This 

program, rooted in their values, will help give today’s 

children the foundation they need to make informed 

decisions about their land and water when, as adults, 

they are called upon to do so.”13 
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The Blackfeet Native Science Field Center program shows the potential 
power of informal learning experiences in science for engaging individuals from 
groups that are historically underrepresented in the field. In fact, several studies 
suggest that informal environments for science learning may be particularly effec-
tive for youth from historically nondominant groups—groups with limited socio-
political status in society, who are often marginalized because of their cultural, 
language, and behavioral differences.

Evaluations of museum-based and after-school programs such as the 
Blackfeet Native Science Field Center suggest that these experiences can support 
academic gains for children and youth from nondominant groups. Programs and 
experiences that are successful often draw on local issues. Several case studies of 
community science programs targeting youth document their influence on partici-
pants’ engagement with science and on their course selections and career choices. 
In these programs, children and youth play an active role in shaping the subject 
and process of inquiry, which may include local health or environmental issues 
about which they subsequently educate the community.

	 		 	 	 	 	 O O O
Informal institutions concerned with science learning are making efforts to address 
inequity and encourage the participation of diverse communities. However, these 
efforts typically stop short of more fundamental and necessary changes to the 
organization of content and experiences to better serve diverse communities. 
Much more attention needs to be paid to the ways in which culture shapes knowl-
edge, orientations, and perspectives. A deeper understanding is needed of the rela-
tions among cultural practices in families, practices preferred in informal settings 
for learning, and the cultural practices associated with science. The conceptions 
of what counts as science need to be examined and broadened in order to identify 
the strengths that those from nondominant groups bring to the field.

We highlight two promising insights into how to better support science 
learning among people from nondominant backgrounds. First, informal environ-
ments for learning should be developed and implemented with the interests and 
concerns of community and cultural groups in mind: project goals should be 
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mutually determined by educators and the communities and cultural groups they 
serve. Second, the cultural variability of social structures should be reflected in 
educational design. For example, developing peer networks may be particularly 
important to foster sustained participation of nondominant groups. Designed 
spaces that serve families should include consideration of visits by extended 
families.

Things to Try

To apply the ideas presented in this chapter to informal settings, consider the 
following: 

�•	 Think about how to design environments and materials that are compatible 
with different cultural groups you are serving. For example, would it be helpful 
to design an exhibition or a program for one specific group, or would incorpo-
rating cultural icons into an existing exhibition be more effective in your set-
ting? Would adding multilingual labels be useful for your multiple audiences? 
Would programs in other languages be important to offer? Would it be useful 
to involve bi- or multilingual interpreters or docents?

�•	 Explore and nurture partnerships with local communities. Determine which 
groups you want to work with and then invite representatives from these 
groups to partner with you to define goals and serve as advisers throughout 
the project. Cooperate or collaborate early to ensure true partnership on equal 
grounds. Allow yourself to question cultural assumptions.

�•	 Learn more about the cultural ramifications of learning. Invite a local expert in 
this field to come to your venue to discuss how culture affects the work being 
done there. What do you need to learn about visitors to your setting? How can 
you make your environment more culturally relevant? Contact colleagues in 
your field who may already have garnered considerable expertise. 

�•	 Be informed about and coordinate approaches with neighboring venues. 
Contact nearby informal science learning environments to discuss their strate-
gies for working with different members of the community. Can you work 
together to develop a joint program or activity that will be particularly mean-
ingful to the different groups you are trying to serve? 
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8Learning Through the Life Span 

After visiting a science exhibit, a 73-year-old man who was asked whether he 
learned anything, responded:

You learn—it’s amazing. . . . I’m going on 74 and . . . you’re learning some-
thing new every day. And when you see a statement like scientists still don’t 
agree about algae, whether they’re plants. You know they work a little like 
a plant but then they don’t and so some say, “yes it is” and some say “no it 
isn’t.” I’m looking at the spores—amazing tiny little specimens underneath 
the microscope—the variety. It’s quite intriguing. I think anyone would find 
it interesting.1 

This man’s keen interest in the exhibit and his perceptive response to it 
underscore one of the core values of learning in informal science settings—it is 
lifelong, occurring throughout the life span. What’s more, learning takes place as 
people routinely move between social settings and activities—after-school or com-
munity programs, clubs, museums, online venues, homes, and other settings in the 
community. 

In developing exhibitions and planning programs and events for learners, it 
is essential to know which segment of the population the experience is targeting 
and to plan accordingly. People’s needs and interests change over the course of a 
lifetime, along with the way they process information and use tools, such as tech-
nology, to facilitate learning. They develop new interests and manage new tasks 
that arise depending on their stage of life. Leaving school and entering the work-
force, learning how to be self-reliant, becoming a parent and being responsible for 
children, and taking on the task of caring for aging parents are stages that often 
demand that people navigate and explore new scientific terrain.
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Accordingly, motivations related to a particular aspect of science can shift 
over time. A young person who eagerly absorbs information about sea creatures 
simply out of a keen interest in the topic may, a few years later, be drawn to expand 
that knowledge in college in order to obtain the proper credentials for a career in 
marine biology. Decades later, this same person may be drawn into further study of 
ocean life simply for the pleasure of remaining current with up-to-date knowledge. 

In this chapter, we explore some of the ways science learning varies with age. 
It is important to remember that, within these broad trends, individuals can differ 
tremendously. Their learning is influenced by prior experiences, gender, ethnicity, 
and other aspects of life that have nothing to do with age. And although the nature 
and extent of science-related learning may vary considerably from one life stage to 
another, most people develop relevant capabilities and intuitive knowledge from the 
days immediately after birth and expand on these in later stages of their life. In this 
sense, science learning in informal environments is truly a lifelong enterprise.2

CHILDREN AND YOUTH

At birth, children begin to build the basis for science learning. By the end of the 
first 2 years of life, individuals have acquired a remarkable amount of knowledge 
about the physical aspects of their world.3 This “knowledge” is not formal sci-
ence knowledge, but rather a developing intuitive grasp of regularity in the natural 
world. It is derived from the child’s own experimentation with objects, rather than 
through planned learning by adults. In accidentally dropping something from a 
high chair or crib, for example, the child begins to recognize the effects of gravity. 
Although these early experiences do not always lead to accurate interpretations or 
understandings of the physical world, research has shown that these early naïve 
conceptions influence later science learning.4 

As a child masters language and becomes more mobile, opportunities for sci-
ence learning expand. Informal and unplanned discoveries of scientific phenomena 
(e.g., scrutinizing bugs in the backyard) are supplemented by more programmatic 
learning (e.g., bedtime reading by parents, family visits to museums or science 
centers, science-related activities in child care or preschool settings). Even in these 
initial years of life, children display preferences for some topics over others. Such 
preferences can evolve into specific science interests (e.g., dinosaurs, insects, flight, 
mechanics) that can be nurtured when parents or others provide experiences or 
resources related to those interests.5 
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By the time children enter formal school environments, most have developed 
an impressive array of cognitive skills, along with an extensive body of knowl-
edge related to the natural world.6 It is also likely that they have become familiar 
with numerous ways of accessing scientific information other than through formal 
classroom instruction: reading, surfing the Web, visiting the local library, watch-
ing science-related programs on television, talking with peers or adults who have 
some expertise on a topic, or exploring the environment on their own.7 These 
activities continue throughout the years in which young people and young adults 
are engaged in formal schooling, as well as later in life.8 

It is also common for elementary school children to bring the classroom 
home, to regale parents with stories of what happened in school that day and 
involve them in homework assignments. These events help to alert parents to a 
child’s specific intellectual interests 
and may inspire family activities 
that feature these interests. A child’s 
comments about a science lesson at 
school may encourage parents to 
work with the child on the Web or 
take him or her to a zoo or museum 
or concoct scientific experiments 
with household items in order to 
answer a specific question.  In these 
ways, informal experiences can 
supplement and complement school-
based science education. 

To a considerable extent, chil-
dren are dependent on others to 
provide opportunities for science 
learning—formal or informal. 
Especially in the early years of childhood, young people look to parents to pro-
vide access to reading materials, media resources, programmed environments 
(such as school, museums, zoos, or libraries), and materials that can enhance 
informal science learning. Because of their limited knowledge base, children are 
also more dependent on adults to organize and interpret aspects of their learning 
experiences. However, children are also quite adept at creating learning opportuni-
ties from the resources available to them and deriving scientific insights from these 
opportunities, even at an early age.9 
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As young people move into adolescence, they tend to express a desire to 
pursue activities independently of adults.10 This does not necessarily mean that 
relationships with parents grow more distant,11 but young people do spend less 
time with parents or other adult relatives and more time with peers or alone.12 
Attachment to teachers also wanes across adolescence.13 With these shifts, new 
opportunities for science learning become available that are not as closely tied 
to adult (especially parental) resources and activities. Young people gain greater 
access to school- and community-sponsored extracurricular activities (e.g., clubs 
or hobby groups) and, through part-time employment, may have more disposable 
income that can be devoted to hobbies or personal interests, including science- 
oriented activities.14 Adolescents generally have greater mobility, especially with 
the advent of driving privileges, that allows them broader reach into the surround-
ing community to pursue their personal interests. School systems tend to provide 
increasing levels of choice in course work with each advancing grade, allowing 
those with a penchant for science, mathematics, or technology to expand their 
exposure to science-related learning in formal contexts. 

Community- and school-based programs are settings that are receiving 
increasing attention as a support for science learning among children and youth. 
Programs, especially during out-of-school time, afford a special opportunity to 
expand science learning experiences for millions of children and youth. Out-of-
school-time programs allow sustained experiences with science and reach a large 
audience, including a significant population of individuals from nondominant 
groups.  

A range of evaluation studies shows that these programs can have positive 
effects on participants’ attitudes toward science, as well as on grades, test scores, 
graduation rates, and specific science knowledge and skills. However, the body of 
research as a whole is difficult to make sense of because programs are focused on 
a variety of goals. Some place greatest emphasis on social or emotional well-being, 
such as developing positive attitudes, self-confidence, life skills, and social rela-
tionships. Others are more concerned with academic skills and improved academic 
achievement, as measured by standardized test scores, grades, graduation rates, 
and continued involvement in school science. Many are a blend of both. Because 
of these different emphases, along with the limitations of traditional academic 
assessments to measure the kind of learning that takes place in informal settings, it 
becomes difficult to draw definitive conclusions about the learning that is likely to 
occur. However, the full potential of these programs for supporting science learn-
ing has not been tapped.
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The following case study highlights one such program. Project Exploration is 
a nonprofit science education organization founded to address issues about access to 
science, particularly for populations historically underrepresented in the field. Project 
Exploration’s programs run in out-of-school-time settings, are free for participants, 
and specifically target girls and minority youth from the Chicago public schools. 

	

the evolution of out-of-school-time programs

Out-of-school-time programs have a long history in this country. They first appeared in the 19th 

century, and over the years, have evolved and changed to meet different needs, purposes, and 

concerns. Mostly, however, they have served the important functions of providing a safe haven 

for academic enrichment, socialization, acculturation, problem remediation, and play. Out-of-

school-time programs continue to serve these functions even as they have grown in size and 

scope. Some are focused on homework help and tutoring, and others are enriched learning 

experiences or time for nonacademic activities, such as sports or arts and crafts. 

During the past 20 years, out-of-school-time programs have experienced tremendous 

growth, largely attributed to increased federal support as well as the entry of more women into 

the workforce, which has meant that a greater number of children need supervised care after 

school. Politicians, educators, and parents increasingly view these programs as a necessary 

component of public education. The increased funding for the 21st Century Learning Centers, 

for example, is an indication of the growing importance of such programs: their budget rose 

from $40 million in 1998 to $1 billion in 2002. In 2007, the House of Representatives voted to 

increase funding to $1.1 billion. 

The number of children participating in out-of-school-time programs also has increased, 

with school-based or center-based programs being the most common. In 2005, 40 percent of 

all students in grades K-8 were in at least one weekly nonparental out-of-school arrangement. 

An advantage of these programs is that they have the potential to provide large-scale enrich-

ment opportunities for all children, including those from nondominant groups and low-income 

schools. In fact, at the 21st Century Learning Centers, the typical profile of a program par-

ticipant is an individual who is black, from a single-parent, low-income home, and on public 

assistance. Because the programs are reaching nondominant groups in need of services, they 

are well positioned to make a significant difference in their lives.15
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Girls Explore Yellowstone

Victoria, Kathryn, Xochitl, Latrise, Kassandra, Rana, 

Arieshae, Mystica, and Jasmine—participants in 

the All Girls Expedition to Yellowstone—were very 

excited. They were preparing to go to Yellowstone 

National Park for a week to do science out in the 

field. For many of the girls, this trip would be their 

first time away from Chicago.

The experience began a week before the trip, 

in a science classroom. Working with scientists, the 

girls learned about geology, water chemistry, and the 

wildlife at Yellowstone. They also were introduced to 

the instruments that they would be using at the park. 

Under the supervision of physical chemist 

Melanie Schroeder, the girls practiced using a ther-

mometer to measure and record water tem-

perature and litmus paper to measure its pH. 

Biologist Joshua Miller helped the partici-

pants build a giant food web by stringing 

together cards of plants and animals, show-

ing the interconnections among different 

parts of an ecosystem. 

At the end of the week, the 

group participated in an event called 

the Send-Off. The girls presented what 

they learned to family and friends and 

received a certificate of achievement 

and a backpack of supplies. Then, with 

scientists by their side, they were off to 

Yellowstone for a week of science and 

adventure. 

An early morning start didn’t 

faze this group. Brimming with ener-

gy and excitement, they couldn’t wait to 

arrive at their destination—even though many were 

not used to the physical exercise that was central to 

the experience. But throughout the week, they all 

showed that they could master what was expected 

of them—using an infrared thermometer to measure 

the temperature of hot springs, measuring the pH of 

water in Lemonade Creek, hiking long distances, and 

using telemetry equipment to track radio-collared 

coyotes in the wild. 

Observation also was a key element of the 

experience. The girls observed the microorganisms 

living in Abyss Pool and used a spotting scope to 

locate animals on distant hills. And after watching 

steam pour out of Old Faithful, they discussed what 

geothermal energy is and whether it can be har-

nessed and used as an energy source for homes and 

businesses. 
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Learning on Many Levels

While the focus of the trip was on science, the girls 

learned much more than how to use scientific instru-

ments and record their findings in their journals. 

They pushed themselves hard and learned that they 

could survive. They tapped into new skills as they 

developed strategies for working with their peers. 

As Kassandra, a ninth grader on the trip said, “What 

does [the trip] mean? It means girls working together 

and learning new things and helping one another 

along. It means proving yourself to those who think 

you’re wrong.”  

For many girls, having an opportunity like this 

one was something they never thought possible. 

Mystica, an eighth grader, remarked, “Before this, I 

have never thought of going to Yellowstone or trav-

eling this far away from home. But now I know that 

this is one of the best experiences of my life.” 

This “best experience” has proven to have had 

a lasting impact on many of the participants. Data 

gathered by Project Exploration show that about 43 

percent of all girls who graduate from high school 

as a Project Exploration field expedition alumna go 

on to major in science in college. In addition, these 

girls become science majors at 5.3 times the national 

average rate.16 These findings reflect the goals of 

executive director Gabrielle Lyon, who points out: 

“We know that science today does not represent 

the diversity that is America. Project Exploration is 

working to change the face of science, literally, by 

creating and sustaining programs designed to not 

only get students involved with science but also keep 

students involved with science.”  

Perhaps the All Girls Expedition has had suc-

cess in keeping girls involved because it looks at 

the importance of building self-esteem while also 

tapping into the girls’ growing interest in science. 

Twelfth grader Latrise captures the essence of the 

science learning, as well as the camaraderie and 

mutual respect that emerges from this program: “We 

are smart, intelligent, young women from all over 

the city of Chicago yearning to explore the world of 

science and biology.” Victoria, a ninth grader, echoed 

those sentiments, saying, “The two things I am most 

proud of are learning how to use a scope and how 

to track coyotes. I am very proud of these things 

because I mastered something new I have never done 

before.” 

“Letting people see how science unfolds is a 

terrific way to inspire students and get them excited 

about science,” concludes Lyon. “This is just one 

part of our ongoing work to personalize science by 

focusing on the people who do the science and the 

questions they ask.”17
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Project Exploration balances dual goals: promotion of positive social and 
emotional goals for the girls and support of science learning. The opportunities 
to work with unfamiliar scientific instruments, observe animals in the wild, and 
engage in scientific experiments and to be successful in these endeavors not only 
resulted in science learning but also boosted their self-confidence and sense of 
their own competence. The program is also consistent with the emerging needs of 
adolescents for greater independence from their parents and more interaction with 
their peers.

 Looking at the program in terms of the strands, it becomes clear how it 
provided a multifaceted science learning experience. The program succeeded in get-
ting students involved in science by providing a hook—a trip to Yellowstone that 
included interesting hands-on experiences based in the real world (Strand 1). By 
learning how to use such tools as thermometers and tracking scopes (Strand 5), 
students increased their understanding of scientific concepts (Strand 2). The girls 
also were expected to write down their observations and the results of their experi-
ments; both of these activities helped in the development of scientific reasoning skills 
(Strand 3). By discussing their experiences and writing down their thoughts in the 
form of poems, narratives, and drawings, the participants also revealed that they 
were reflecting on the expedition and highlighting what they learned (Strand 4).

What’s particularly compelling about this example is evidence that the girls 
themselves recognized their own accomplishments. They are proud of themselves, 
especially since many never thought they would have an opportunity to travel and 
have these experiences, let alone succeed at them. The girls’ ownership of their 
success lays a foundation for future endeavors in which they are willing to take 
risks and try new things in college and into adulthood (Strand 6). 

INFORMAL SCIENCE LEARNING EXPERIENCES FOR ADULTS

As individuals move into adult roles, they usually reserve a reasonable amount 
of time for leisure pursuits. Those with hobbies related to science, technology, 
engineering, or mathematics are especially likely to continue with intentional, self-
directed learning activities in that area.18 Science learning may also continue in 
more unintentional ways, such as watching television shows or movies with scien-
tific content or falling into conversation with friends or associates about science-
related issues. Some adults may focus especially on scientific issues related to their 
occupation or career, and in many cases their pursuit of scientific topics will be 
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influenced by personal interests or (in later years) the school-related needs of their 
children.  

Beginning in middle age and continuing through later adulthood, individu-
als are often motivated by events in their own lives or the lives of significant oth-
ers to obtain health-related information.19 Health-related concerns draw many 
adults into a new domain of science learning. At the same time, with retirement, 
older adults have more time to devote to personal interests. Their science learning 
addresses long-standing scientific interests as well as new areas of interest.20

Adults differ from children in their interest in science and in the way they 
approach different learning opportunities. Most adults become interested in a sci-
ence topic because it has immediate relevance to their lives. Adults tend not to be 
generalists in their pursuit of science learning; instead, they tend to become experts 
in specific domains related to everyday problems or out of personal interest. The 

most obvious example is in the area of health. If an 
adult or a person close to him or her is diagnosed 
with an illness, such as cancer, that individual often 
goes to the library to take out books on the subject 
or goes online to find out as much as possible. 

In some cases, this research could even lead 
to involvement in a support group. For example, 
one program for people with multiple sclerosis is a 
social club that also offers information about the 
administration of medication and the management 
of side effects. Patients whose treatments require 
regular injections are given anatomy lessons. To 
bolster learning and ease anxiety that may be asso-
ciated with feelings of isolation, groups of patients 
may convene to share stories about their illness 
and treatment.

Sometimes, too, the everyday activities of 
adults lead to involvement in science. Adults may 
serve as chaperones for a school field trip to a 

museum, where they are put into the role of facilitator and are expected to answer 
questions, lead group discussions, and point out important aspects of exhibits. 
Over the course of a typical day, adults may notice a new kind of bird in the yard 
and take a moment to look it up online. Or they may tune into Science Friday on 
National Public Radio while picking up their children at school. If a particular 
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topic piques their interest, then adults may seek out additional information online 
or even look into programs organized by local institutions, such as museums, 
libraries, universities, science centers, and labs. 

The move into adulthood can be both liberating and constraining in terms 
of informal science learning. On one hand, young adults generally exercise con-
siderable control over their choice of activities and lifestyles. On the other hand, 
choices that they make may place constraints on their ability to freely pursue their 
interests in scientific phenomena. Certain careers or occupations will emphasize 
the need to master some scientific domains more than others. Parental responsi-
bilities can trim the amount of free time available to pursue scientific interests, 
and parents may feel obligated to devote some of their leisure time to activities for 
their children. Therefore, science learning may be driven as much by the needs and 
interests of their children as by their own preferences. 

Characteristics of Adult Experiences

Adults frequently perceive informal institutions and programs as geared toward chil-
dren. In fact, there are many opportunities available for adults. Bonnie Sachatello-
Sawyer and her colleagues surveyed more than 100 institutions that offer science 
learning experiences nationwide to assess the number and type of adult programs 
available. These researchers interviewed staff and participants from informal 
institutions of different sizes and types (art institutes, natural and cultural history 
museums, science centers, botanic gardens) offering different kinds of programs 
(credited versus noncredited classes, guided tours, lectures). Both studies found that 
94 percent of all institutions offer some sort of adult programming, but most of the 
programs—63 percent—were designed for families or children.21

This study also found that although most institutions are offering more 
adult programs than ever before, they are having trouble attracting and connect-
ing with an audience. Part of the problem is with the kinds of programs offered. 
Lectures were offered more often than anything else, and they were viewed as dull 
from the adult learner’s perspective. The adult learners told researchers that they 
were interested in programs that gave them exposure to unique people, places, and 
objects. They had positive impressions of programs that gave them access to new 
perspectives, attitudes, and insights.

In addition, the study found that no single teaching or facilitation method was 
more effective than another. The quality that participants were looking for in an 
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instructor or facilitator was the ability to connect with the needs and interests of the 
learners and to help them discuss, integrate, reflect on, and apply new insights. In 
fact, for many participants, building a meaningful relationship with these facilitators 
was the most important part of the program. It is through such relationships that 
adult learners grow in their knowledge and understanding of a given topic.

As a way to explain the varying reactions adults have to programs in infor-
mal settings, Sachatello-Sawyer uses the image of a pyramid. Acquiring new 
knowledge and skills is at the bottom of the pyramid, followed by expanded 
relationships, which involve more contacts in the community and new friends. At 
the next level, adults report increased appreciation of a topic as indicated by their 
pursuit of additional experiences and discussion of the subject with knowledge-
able individuals. Changed attitudes or emotions follow from the previous step, 
revealed through heightened self-confidence and taking the initiative to pursue 
new activities. 

As adult learners reach the apex of the pyramid, they experience what 
Sachatello-Sawyer refers to as transformative experiences. Such experiences have 
caused learners to reevaluate their lives and make life-changing decisions, such as 
to leave one career for another or to find meaning in new experiences. One learner 
reported that floating in the Grand Canyon made her realize that she “had a place 
in the cosmos and was part of the timeless nature of the canyon.” While it is dif-
ficult to foster such life-changing experiences, it is a goal to which program devel-
opers can aspire.

To illustrate an informal science program for adults and the learning that 
takes place, consider the next case study. Like the Cornell Lab of Ornithology’s 
birdwatching program (Chapter 2), the case study also is an example of citizen 
science. But instead of focusing on gaining insight into animal biology and behav-
ior, the purpose of this program is more practical: to track wildlife that crosses 
Highway 3, a busy road that cuts through the Rocky Mountains in Alberta, 
Canada. With greater awareness of the animals’ habits, the possibility of develop-
ing interventions to reduce the number of wildlife-vehicle collisions increases. 
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random, and there is no way to ensure that the entire 

road is being evaluated. Understanding accurately 

where wildlife cross the road and during which sea-

son is important for the development of strategies to 

reduce collisions along the road. 

To address these concerns, the project added 

another data collection tool—the Road Driving 

Survey. It is designed for commuters who travel the 

same stretch of Highway 3 each day. Each commuter 

is assigned to the specific tract of the highway along 

which he or she drives on a regular basis. The com-

muters are given an electronic device that enables 

them to key in which, if any, animals they see in real 

time. The advantage of this experimental design is 

that it becomes possible to evaluate more accurately 

where animals are crossing the highway and if there 

are seasonal variations in their movements. The data 

collected with the map and the survey complement 

each other, providing researchers with a more com-

plete picture of animal behavior.

How can data like these be put to use? After 

4 years of data collection, Road Watch information 

was used to develop a community map displaying 

wildlife-vehicle collisions, highlighting where they 

are common. Based on June 2007 observations of 

bighorn sheep, the Fish and Wildlife Division of 

Alberta Sustainable Resource Development is using 

conditioning techniques to encourage them to stay 

off the road. The goal is to reduce the number of 

mortalities, especially near Crowsnest Lake. Rob 

Schaufele, coordinator for the project, notes that the 

data being collected also are being used by several 

other agencies for planning purposes. “The com-

munity of Crowsnest Pass should be proud of their 

contributions to Road Watch,” says Schaufele. “It 

increases public and decision-maker awareness.”22

Road Watch in the Pass

At the Crowsnest Pass on Highway 3, it is not unusual 

to see bears, elk, cougars, and sheep ambling across 

the road. Before the highway was built, these ani-

mals claimed this route as part of their habitat. Now 

the animals must share the road with humans. The 

challenge for people is to figure out how this can be 

accomplished safely.

That’s where the program Road Watch in the 

Pass comes in. Developed under the auspices of the 

Miistakis Institute for the Rockies, the program invites 

local citizens to share their knowledge about ani-

mal behavior. By providing information to the local 

community, their contributions 

can help reduce the 200 colli-

sions that occur each year to a 

smaller number. 

Participants have a 

couple of different ways to 

share their observations. 

The first is by making use of 

an online interactive map, 

which allows participants to 

plot the exact location of 

an animal sighting. This 

information is then sent to 

an online database, where 

it is stored. Although this 

approach has resulted in 

numerous observations 

(about 4,500 currently in the 

database), it also has some 

pitfalls. The observations are 

An electronic device allows commuters to track which 
animals, if any, are on the road.
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Citizen Efforts Lead to Learning

This case study illustrates the pragmatic nature of adult involvement in science. 
Participation in this program was spurred by concern about the dangers to people 
and wildlife as a result of traffic on Highway 3. It follows that the people with 
the most at stake would be more apt to participate. In addition, the impact of the 
program on animal safety is contingent, at least in part, on participant investment 
in the effort. 

There is evidence that learning has occurred. The number of observations 
in the database—4,500—indicates that people are interested in the program and 
motivated to participate (Strand 1). According to the results of a 2007 Road Watch 
online survey, 85 percent of the respondents (43 individuals) indicated that their 
knowledge of wildlife-vehicle collision and movement zone patterns had increased. 
In addition, through participation in the program, people gained much experience 
recording their observations (Strand 3) and using scientific tools (Strand 5). 

On the basis of preliminary analysis of evaluation data, it is difficult to say 
whether a community of learners has formed. People do, however, discuss the pro-
gram with their friends, although attendance at scheduled Road Watch meetings 
and events is erratic, ranging from low to high without a consistent pattern.   

The online survey also asked whether respondents learned anything else 
besides information about wildlife. Participants indicated that they understood the 
potential of their data to affect future land-use decisions to improve safety condi-
tions for both wildlife and people.23  

EXPERIENCES FOR OLDER ADULTS

Older adults are a population with whom informal institutions are working more 
frequently. Their abilities, needs, and interests require special attention in order to 
create programs that serve them well. Long-standing misconceptions about aging, 
especially about the likelihood of such problems as memory loss and cognitive 
decline, have affected the way programming for this audience has proceeded. To 
improve this process, researcher Ann Benbow has compiled a list of strategies that 
should be considered when planning programs for older adults.24 These include 
explaining the activity clearly, setting aside enough time to complete it, and relat-
ing the activity to real-life situations. 
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Later adulthood often liberates individuals from the competing demands of 
work and family roles, but it may impose other restrictions on learning activities 
if such activities are not well designed to accommodate maturational changes of 
this age period. Many older adults are dependent on public transportation systems 
to access such community resources as public libraries, museums, or community 
organizations and scholarly institutions in which learning opportunities reside.25 
Learning environments also must make accommodations for adults’ physical 

limitations. Museum exhibitions that require too much 
walking or too much reading, especially of fine print 
material, or that provide few opportunities for intermit-
tent rest, can limit older adults’ participation.26

One of the advantages of being older is that 
people have cultivated an extensive experience and 
knowledge base. They have a long history of family life, 
work experiences, and leisure pursuits that can serve as 
a starting point not only for new learning, but also for 
sharing knowledge, skills, and experiences. 

Research by Guy McKhann and Marilyn Albert 
has revealed that, throughout their lives, humans con-
tinue to generate new neurons in the hippocampus 
regions of the brain and that new neuronal connections 
are constantly being formed in response to new life 
experiences.27 Their research presents biological evi-
dence that learning is truly lifelong.

Another relevant finding from research is that 
knowledge of general facts and information about the 
world do not diminish with age; in fact, experience and 
life skills lead to a more comprehensive understanding 

of the world. Self-worth, autonomy, and control over emotions increase or remain 
stable with age. There is evidence to suggest that older adults regulate negative 
emotions better than young adults while experiencing positive emotions with simi-
lar intensity and frequency. Overall, it appears that older adults can achieve an 
improved sense of well-being by pursuing experiences that are meaningful and tied 
to emotional information.

On the negative side, researchers Fergus Craik and Timothy Salthouse have 
found that older adults do face a steady loss in fluid intelligence, or processing 
capacity.28 This decline can adversely affect the performance of everyday tasks 
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and learning as a result of a weakened capacity for attention and various types of 
memory performance. Because older adults often face declines in hearing, vision, 
and motor control, deficits in fluid intelligence can appear exaggerated. Studies 
also have shown that the extra effort expended by a hearing-impaired listener in 
order to perform a task successfully comes at the cost of processing resources that 
would otherwise be directed toward remembering the steps of the task. 

Decline in fluid intelligence could have an impact on older adults’ ability 
to use the computer. Older adults make more errors and perform at a lower level 
than young people do. In addition, they demonstrate a lower ability to edit out 
unnecessary information. Because the baby boom generation will presumably con-
tinue to use the computer into old age, it is important that website designers keep 
these deficits in mind and make adjustments accordingly. 

Nonetheless, the evidence indicates that older adults can benefit from infor-
mal science programs, especially if some of these issues are considered in the 
program design. One such program, called Project SEE, or Senior Environmental 
Experiences, is a partnership between Ramapo College of New Jersey, the 
Meadowlands Environmental Center, and regional aging community services, 
including the Bergen County Division of Senior Services. Its purpose is to increase 
interest in the environment among seniors by making it relevant to their lives. The 
next case study offers a glimpse into this program. 

“Overall, it appears that older adults can achieve an 

improved sense of well-being by pursuing experiences that are 

meaningful and tied to emotional information.

”
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Senior citizens from 32 centers throughout the 

state of New Jersey can learn about ecology from 

the experts—scientists from the Meadowlands 

Environmental Center who are involved in cutting-

edge research of the Meadowlands ecosystem. But 

the scientists aren’t spending time on the road visit-

ing these centers. Instead, the two groups are con-

necting through videoconferencing technology. 

Program designers are preparing four mod-

ules to use with older adults. The first two have 

been completed and have already been used in four 

centers—the United Senior Center Hackensack, the 

Secaucus Senior Center, the Clara Maass Continuing 

Care Center, and the Lyndhurst Public Library. Each 

module asks a timely question and then uses a vari-

ety of strategies to present information. 

The goal of the first module, Should I tell my 

children and grandchildren to eat the fish and crabs 

they catch?, is to educate this audience about the 

continuing dangers of eating contaminated fish. Using 

this information, the participants can further discuss 

how to address the region’s ecological problems. 

Each module includes three sessions. The 

first, which takes place at the center, introduces the 

topic through hands-on activities. The next session 

features a videoconference with scientists from the 

Meadowlands. In this session for Module 1, scientists 

point out species of particular concern. They also go 

over the fish and crabs listed in the state’s advisory 

and the potential health effects of eating them. 

The following day, the group participates in the 

third and final session. Also a videoconference, this ses-

sion focuses on what seafood people can eat and safe 

ways to prepare it. The session ends with the seniors 

competing for prizes during a Marsh Jeopardy Game. 

“I’ve enjoyed working with each and every 

senior I have met so far,” says Angela Cristini, project 

director. “They are interested, engaged, and fun 

loving. Although it may sound hokey, this experience 

has certainly shown me that you really are never too 

old to learn new things.”29

Project SEE Offers 
Science for Seniors

Seniors can hear a lecture given by a scientist 
from the Meadowlands Environmental Center 
by making use of videoconferencing technology. 

Learners of all ages enjoy hands-on activities.
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Effective Strategies for Work with Senior Citizens

Programming for senior citizens is a new field of informal science education. 
Although there is little empirical analysis of such programs, it appears that form-
ing partnerships with local organizations and area networks of aging services is 
a good first step. In developing the program, incorporating knowledge about the 
adult learner into its design will result in programs more targeted to the needs 
of this audience. There also appears to be some benefit to using technology to 
enhance the learning experience.

The informal science education community is increasingly interested in serv-
ing older adults more effectively. From the research that has been done to date, it 
is evident that special accommodations will have to be made. The Meadowlands 
program used videoconferencing so that the seniors would not have to travel to 
the center. Depending on the nature of the program, other accommodations and 
adaptations may be needed.

COHORT EFFECTS

Thus far, we have focused on broad changes with age that have the potential to 
affect science learning. An underlying assumption in these descriptions is that chil-
dren will “grow into” the characteristics displayed by adolescents, who likewise 
will eventually display the characteristics observed in adults. However, some of the 
differences that can be seen across age groups do not disappear as individuals age. 
Instead, they serve as distinctive characteristics of a particular generation. These 
are known as cohort effects, meaning that they are attitudes, traits, or behaviors 
that typify a group of people born during a specific period, and they tend to stay 
with that cohort consistently across the life course. 

Cohort effects are related to the common life experiences of individuals 
born in certain time periods. The term has its roots in population biology and has 
relevance in epidemiological studies in which subsets of a population are studied 
in relation to their exposure to certain sets of risks that can affect medical condi-
tions, such as heart disease and cancer. Cohort effects are studied in sociology and 
economics in relation to organizational culture and value orientations in society. 
One classic study, for example, charted the attitudes and behavior of a group of 
young people in California who came of age during the Great Depression,  
 



Copyright © National Academy of Sciences. All rights reserved.

Surrounded by Science: Learning Science in Informal Environments

Surrounded by Science156

tracing the impact of these dire historical circumstances—and the world war and 
period of prosperity that followed—on their behavior across adulthood.30 

The delineation of cohorts is always somewhat arbitrary, although they may 
be marked by major historical events. In the United States, some common cohort 
groupings are Postwar/Depression, Baby Boomers, Generation X (born between 
1965 and 1979), and Generation Y (born between 1980 and 1999), also referred 
to as Millennials. Delineations may differ across cultures or societies.

One important way in which cohort differences are particularly notice-
able is in their experiences with and attitudes toward technology. World War I 

and Postwar/Depression groups who grew up without 
television are much more attuned to the oral medium 
of radio, which requires more personal visualization of 
people and events. Baby Boomers had TV, satellites, and 
a man on the moon but no personal computers until they 
were well into adulthood. By the time the first cohort of 
Generation Xers became teenagers, the computer revolu-
tion had started. Late Generation X and all Generation Y 
children in the United States have always had access to 
a wide variety of technology. Generation Y has come 
of age (and continue to do so) with a full range of the 
current technological tools—e-mail, the Internet, cell 
phones, text messages, and social networking. Such dif-
ferences have great potential to affect science learning. 
For example, in the WolfQuest case study (Chapter 1), it 
was clear that children and teens had no trouble learning 
science in the context of a computer game; in fact, learn-
ing on this platform was very comfortable for them. It 

is questionable whether the same could be said of many baby boomers, especially 
the older members of this group. 

It is not always clear how distinctive characteristics of an age cohort will 
affect each of life’s stages. Instead, informal science educators and program design-
ers must be responsive to the general principle that the program needs of each age 
group will be determined by the interaction of the primary developmental features 
and demands of the group’s life stage, as well as the enduring characteristics that 
mark the group’s age cohort. In short, each generation of children, adolescents, 
young adults, and older adults will be somewhat different, modulating the general 
script of a life stage by virtue of the idiosyncrasies of their cohort. 
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	 	 	 	 	 O  O  O
	
Across the life span, from infancy to late adulthood, individuals learn about the nat-
ural world and develop important skills for science learning. Over time, their needs 
and interests change, affecting what kinds of science activities they choose to pursue. 
The preferences of individuals are partially influenced by the time period when they 
were born and the impact of world events on their overall life experience.

Because one of the core values of the informal science education community 
is to provide science learning experiences throughout the life span, it is important 
for educators and program designers to consider the audiences they are serving. 
In particular, programs for school-age children and youth (including after school) 
are a significant, widespread, and growing phenomenon in which an increasing 
emphasis is placed on science. Clearly, the needs of children in out-of-school-time 
programs are very different from those of adults. Keeping these needs in mind and 
planning accordingly will lead to richer learning experiences.  

	

Things to Try

To apply the ideas presented in this chapter to informal settings, consider the 
following:

�•	 Develop an understanding of your audience before developing a program. Ask 
the following questions in your front-end or needs assessment:

	 —	What is the background of members of your target audience? 

	 —	What are their strengths and weaknesses?

	 —	What is their interest, and what motivates them?  

	 —	�What learning goals are you trying to accomplish? What do your audiences 
already know and not know? What do they want to know? How do they 
want to explore and discover? What would be the best way to meet those 
goals?
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�•	 Seek out partners from the community. This point has been reinforced through-
out the book. When planning activities for different ages, it may be neces-
sary for one group to seek out another so that an effective program can be 
designed. Project SEE, for senior citizens, is an example of how a partnership 
among three entities—Ramapo College of New Jersey, the Meadowlands 
Environmental Center, and regional aging community services—joined forces to 
offer this audience a unique science learning experience. 

�•	 Be aware of new research and best practices. In programs for all three age 
groups, new information is always emerging about how people learn. Try to 
become familiar with the research base and use new findings to inform pro-
gram design and development. There is a considerable body of knowledge on 
adult learning and adult learners that is relevant to informal science education 
and learning. There is also a growing body of tested examples and case studies 
to draw from that are available online or accessible through blogs and listservs.

�•	 Consider the diversity of your audience. Previous chapters considered cultural 
and linguistic diversity; differences in interest, motivation, knowledge; and situ-
ated identity as factors to consider when providing informal science learning 
experiences. Age and physical ability are certainly important aspects that help 
determine the diversity of informal audiences. Culturally oriented designs or 
universal design principles (that acknowledge differences in physical and men-
tal abilities of visitors or participants) are ways to help serve the multiple audi-
ences of informal science settings.
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9Extending and Connecting Opportunities to
		    Learn Science 

It’s 7:00 pm on a Sunday evening, and you have just returned home from a long, 
full day at the local aquarium. Your family saw many exotic fish and read about 
their behaviors on signs posted near their tanks. You also watched an IMAX film 
that showed some of these fish in their natural habitats. On the way home, your 
daughter talked about the fish she has in her classroom at school, and your son 
described the investigations they have been doing for a science unit on oceans. 
Now that you are home and relaxing, your daughter wants to see more fish, so 
she asks to watch the Disney/Pixar film Finding Nemo. Afterward, you decide to 
sit down and watch some television before going to bed. One channel is showing 
The Life Aquatic with Steve Zissou, a Hollywood film inspired by the charac-
ter of Jacques-Yves Cousteau, the great science filmmaker. While celebrating his 
work, it also points out—and gently makes fun of—his personal idiosyncrasies. 
Meanwhile, the long-running news program, 60 Minutes, is on the upstairs televi-
sion. This segment features vacationers diving into ocean waters to observe sharks 
up close and personal, as well as the consequences of invading their territories. 
This segment intrigues your son, so he goes to the 60 Minutes website to see a 
long list of people posting their comments on the show’s content in real time.

EXPANDING OPPORTUNITIES FOR INFORMAL SCIENCE LEARNING

As this example illustrates, science learning, especially informal science learning, 
is an ongoing and potentially cumulative process. The impact of informal learn-
ing is not only the result of what happens during a particular experience, but also 
the product of events happening before and after an experience. Interest in and 
knowledge of science is supported by experiences across many different informal 
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settings, as well as in schools. Although it is important to understand the impact 
of informal environments, a more important question may be how science learn-
ing occurs across the range of formal and informal environments and how formal 
and informal educators can capitalize on these connections. 

Informal science educators are recognizing the power of providing ways 
for participants to extend and deepen learning experiences and are using the idea 
of connected learning experiences in their designs. For example, working at the 
Children’s Museum of Indianapolis, Leona Schauble and Karol Bartlett designed 
an extended trajectory for science learning by using the idea of a funnel to map 
the way exhibits were laid out in space.1 The outer edge of the funnel served all 
learners and consisted of easily accessible, compelling, and loosely structured 
experiences. The second level of the funnel was a series of quieter, restricted areas 
called Discovery Labs. Learners who chose to continue to pursue the big idea 
in question could move into these spaces. At the Dock Shop, participants could 
explore boat design, including the design of different types of hulls tested for carry
ing capacity and various sail types tested with a wind machine. 

The deepest portion of the funnel was designed for repeat visitors, such as 
museum members and children from the local neighborhood. The activities in 
this portion of the gallery built on children’s prior experiences in the museum, at 
home, and at school. Visitors could borrow kits that were housed in the museum 
and distributed through local libraries. These kits contained materials that allowed 
children to extend their explorations in more detailed, sustained studies and to 
send in their results to the museum through Science Postcards. Learners who 
wanted to pursue a particular topic in even greater depth might choose to come 
back for an extended visit or several visits or to seek out other related activities, 
such as reading books on the topic or watching relevant television shows. 

Many institutions extend their learning opportunities through systems for 
lending visitors objects and interpretive materials, such as books, other printed 
materials, activity kits, or videos, for a period of time. Some, like Science North in 
Canada, have made sharing educational resources a two-way street: they allow visi-
tors or customers to contribute to the pool of resources made available to others, 
by borrowing or buying such resources from visitors who may have developed them 
as they engaged in scientific pursuits or science education activities outside the insti-
tution. Many museums are also turning to other forms of media, particularly the 
Internet, as a means of extending a visit to the museum through online activities.

In fact, broadcast, print, and digital media can play an important role in 
facilitating science learning across settings. Educational programming, “serious 
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games,” entertainment media, and science journalism provide a rich and varied set 
of resources for learning science. Through such technologies as radio, television, 
print, the Internet, and personal digital devices, science information is increasingly 
available to people in their daily lives. Although television is still the most widely 
referenced source of scientific information for most people, it is rapidly be losing 
ground to the Web. New media, such as podcasts, webinars, and blogs, can sup-
port learning by expanding the reach of science content to larger and more varied 
audiences. They can also be used in combination with designed spaces or particular 

educational programs to enhance learners’ 
access to natural and scientific phenomena, 
scientific practices (e.g., data visualization, 
communication, systematic observation), and 
scientific norms (e.g., through media-based 
depictions of scientific practice). What’s 
more, interactive media have the potential to 
customize portrayals of science by allowing 
learners to select developmentally appropri-
ate material and culturally familiar portrayals 
(e.g., choosing the language of a narrative or 
the setting of a virtual investigation) on their 
own cell phone or other handheld devices. 

Many museums, too, are experiment-
ing with ways to make use of cell phones 
as personalized interpretation devices. For 
example, the Liberty Science Center in Jersey 
City, New Jersey, with funding from the 
National Science Foundation (NSF), has 
developed a program called “Science Now, 

Science Everywhere,” which allows visitors to dial a phone number to receive 
additional information about an exhibit. Visitors can go online and find the num-
ber in advance of their visit so that they are ready to call in as soon as they arrive 
at the Science Center. Information comes directly to each participating visitor’s cell 
phone in the form of a voicemail message or as a text. 

Currently, the Liberty Science Center is working on expanding the reach of 
cell phones. Soon visitors will be able to sign up for a weekly photo challenge. 
While at the center, they can take a photo of an exhibit highlight and post it 
online. The photos will be reviewed and judged, with a new winner selected each 
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museum 2.0: the trend of the future

Designers of children’s science programs strive to encourage viewers to make use of multiple 
platforms to learn about science. After watching a science television show, they hope that view-
ers consider visiting a local science center or going online to learn more about a topic. As tech-
nology grows more sophisticated, other informal science venues, such as museums, are providing 
incentives for their visitors to take advantage of multiple platforms for learning. They are doing 
so by adding interactive features to their websites, offering visitors a chance to view collections 
online, view webcasts of special events, respond to blogs, watch videos on YouTube, and receive 
quick updates about museum events on Twitter. 

Museums are approaching this new world in different ways and at different rates. The 
director of the Bay Area Discovery Museum, a small children’s museum in northern California, 
has started a blog for her museum and engages frequently with Yelp, a Web 2.0 parenting and 
recreation site. The Library of Congress has posted some images from its collection on Flickr, and 
the North Carolina Museum of Life and Science is experimenting with how to implement Web 2.0 
strategies on a small scale. 

Larger institutions are also in different stages of developing a strong online and interactive 
presence. The Smithsonian Institution is currently working on how it can become “Smithsonian 
2.0.” Plans for this institution-wide initiative include digitizing all of the objects in its vast collec-
tion, using Facebook to build interest in the Smithsonian, and encouraging visitors to participate 
in Smithsonian planning by posting their ideas on one of the institution’s blogs. The Smithsonian 
is hoping that these steps will help change its culture so that the institution no longer sees itself 
as an “expert” that educates the public, but as a partner that willingly exchanges information 
with the public and discusses ideas. 

The Exploratorium has evolved from posting blogs and exhibits online to building a virtual 
world that offers visitors a different kind of science experience. In a new world called Explorato-
rium in Second Life, guests are invited to develop an avatar (a representation of a person) and 
explore phenomena in ways that are not possible in real life. For example, as part of an exhibit 
on a solar eclipse, an avatar can literally crawl inside the eclipse’s umbra. Avatars also filled an 
online amphitheatre to share their thoughts about eclipses with their fellow avatars and an Ex-
ploratorium (avatar) staff member. And if a visitor wants to talk directly to someone participating 
in Second Life, tools ranging from instant messaging to online chats are available as well. 

These innovations are still in their formative stages, so at this point, research on their impact 
on learning is not available. But the Exploratorium, the Smithsonian, and many other institutions 
plan to continue to build their online presence. As they do, the informal science community will 
develop a deeper understanding of how cutting across multiple platforms and making use of the 
newest technologies affect learning.

Many new ideas on how to expand learning opportunities across settings using new media 
are discussed at the annual conference, Museums and the Web. Its archive can be accessed at 
http://www. archimuse.com.
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week. If a visitor would rather just take a photo and save it on his or her phone, 
that, too, is possible. Through links to feeds on their phones, visitors also will be 
able to receive headlines of science and technology news posted at the Center. And 
over the next year or so, more exhibits will be accessible through cell phones. 

“We’re continuing to think of ways to use cell phones to enhance the 
interactive experience,” explains Wayne LaBar, Vice President, Exhibitions and 
Featured Experiences. “Cell phones are proving to be a way to continue to engage 
people with exhibits at the Center even after they walk out the door.”

While there is incredible potential for enhancing science learning through 
opportunities to extend and connect experiences, it is important to realize that 
little is known about how people learn about a single content area across different 
informal settings and different media formats. Designing studies that examine this 
cumulative development of knowledge or skill is difficult. To illustrate this, con-
sider a child reading a book about dinosaurs at age 3. She may like the book and 
ask to read it many times. Sensing her excitement for dinosaurs, her parents may 
take her to a museum to see an exhibit on her fourth birthday. Her parents may 
have also bought her several dinosaur models from a local toy store during that 
period. A television program on dinosaurs may air after the museum visit, provid-
ing more information. And, in the era of networked computing, the family may 
seek dinosaur information together on the Internet. 

Tracking all of this activity and determining the individual and collective 
impact on the child’s emerging interest, knowledge, and skill are quite challenging. 
In fact, while it seems important to understand the cumulative effect of various 
loosely connected learning experiences and to identify the relative contribution 
of individual experiences, it may be even more important for science educators 
to understand and appreciate the interconnections and to take them into account 
when creating and delivering science learning experiences for their audiences. With 
an appreciation that people will experience many and varied opportunities to 
learn science over the course of a lifetime, educators can design individual experi-
ences in a way that better supports the overall journey.2 For example, a museum 
exhibition about dinosaurs may be designed to optimize learning during the 
visit, with learning gains measured immediately after the experience. A different 
approach would be to design the exhibition to better connect to previous experi-
ences and generate questions for further exploration at home. The measure of suc-
cess of such an exhibition would be the quality of the questions generated and the 
nature of the next step visitors take to pursue those questions once they leave the 
museum.3
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LINKING FORMAL AND INFORMAL SETTINGS 

There is a growing recognition that individual museum visits, dinner-table dis-
cussions, visits to nearby parks, online searches, or TV shows have a cumulative 
effect on learning that we don’t yet fully understand. We do know, however, that 
informal experiences that result in learning science need to be recognized and lev-
eraged as part of an individual’s personal learning pathway in science. Fostering 
links between experiences in school and out of school is one important way to 
enhance science learning. These linkages can help children and youth understand 
that learning is not restricted to schools and that there are opportunities to engage 
with science all around them. See the Appendix at the end of this chapter for a 
discussion of major programs of research exploring the links between formal and 
informal settings for science learning.

Although there is tremendous potential to link formal schooling to informal 
experiences that occur outside of school, there are also many barriers to over-
come when forging these links. For one thing, the goals and objectives of informal 
learning environments like museums, zoos, parks, libraries, and planetaria do not 
perfectly match those of schools. Schools focus much of their efforts on imparting 
knowledge, while informal settings place greater emphasis on interest, emotion, 
motivation, and engagement, and provide learning experiences that are meant to 
be entered and explored based on free-choice, rather than a learning agenda that 
is external to the learner. Another important difference between schools and infor-
mal settings is that schools face increasing pressure to meet accountability require-
ments that place a premium on students’ test scores. These same pressures have 
affected informal settings to a lesser extent. As a result, schools and informal insti-
tutions may appear to hold different goals for learning when, in fact, both share 
a common interest in enriching the scientific knowledge, interest, and capacity of 
students and the broader public.

In order to more effectively support science learning across the life span, it 
is essential to consider how schools and informal settings can work together more 
effectively. Below we consider some of the major points of intersection between 
schools and informal settings, focusing on field trips, after-school programs, and 
professional development opportunities for teachers.
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THE VALUE OF FIELD TRIPS

School field trips to informal environments have a long track record, and there is 
an abundance of literature that helps teachers and informal science educators plan 
field trips.4 A 1997 study by John Falk and Lynn Dierking showed that all elemen-
tary and middle school students, as well as adults, could remember at least one 
thing they learned on a field trip. Over the short term, however, there are mixed 
results about the impact of field trips on children’s attitudes, interest, and knowl-
edge, although the majority of studies do show some positive changes in the areas 
of knowledge and attitudes. 

Much of the work that has been done is on the structure of field trips and 
how it can be improved to facilitate learning. The critical factors that have been 
studied are advance preparation, active participation by students in the program, 
teacher involvement, and reinforcement after the field trip. We describe each of 
these areas below.

Advance Preparation

The purpose of advance field trip preparation is to give students a framework for 
interpreting what they will experience during the field trip and pointing out what 
they should pay attention to during the visit. Pre- and post-survey studies and 
observations show that students concentrate and learn more from their visit if they 
have engaged in related activities in advance. 

Surprisingly, advance preparation is most effective when it reduces the cog-
nitive, psychological, and geographical novelty of the experience. With some prep-
aration, researchers Carole Kubota and Roger Olstad point out, students spend 
more time interacting with exhibits and learning from their visits.5 Many studies, 
however, have shown that although advance preparation is beneficial, teachers 
spend little time on it. 

Active Participation in Museum Activities

A review of more than 200 evaluations of field trips by Sabra Price and George 
Hein indicates that the most effective experiences include both hands-on activities 
and time for more structured learning, such as viewing films, listening to presen-
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tations, or participating in discussions with facilitators and peers.6 For example, 
children who had an opportunity to handle materials, become involved in science 
activities, and observe animals and objects were excited about the experience. 
Similarly, a review of earlier field trip studies—from 1939 to 1989—by John 
Koran and his colleagues showed that hands-on involvement with exhibits results 
in more changes in attitudes and interest than passive experiences.7 

To help keep students engaged throughout 
their field trip experience, Australian researchers 
Janette Griffin and David Symington argued for the 
inclusion of structured activities in the field trip.8 
Observing 30 unstructured classroom visits to muse-
ums, they noted that very few students continued 
exploring the museum purposefully after the first 
half hour of hands-on activities. Instead, most stu-
dents were observed talking in the museum café, sit-
ting on gallery benches, copying each other’s work-
sheets, or moving quickly from exhibit to exhibit.

While individual field trips differ dramatically 
in their goals and character, it appears that successful 
ones combine elements of structured or guided explo-
ration and learning that are designed with the unique 
opportunities of the setting in mind. They also incor-
porate opportunities for students to follow their own 
individual agenda by exploring on their own or in 

small groups. While teachers and the host institution may have to show that the 
field trip connects to standards or is linked to school curricula, field trips are also a 
way to introduce students to lifelong learning resources in their community. 

Teacher/Chaperone Involvement During the Field Trip

Although studies have consistently shown that classroom teacher involvement 
in field trips can be key to their success, during most field trips the institution’s 
staff members, not teachers, are usually responsible for making the connections 
between the exhibits and classroom content. What’s more, a variety of studies 
indicate that teachers tend to assume a passive and unengaged role during field 
trips. The evidence indicates that the more involved teachers are in both planning 
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the trip and the visit itself, the more likely that the activities will align with class-
room curriculum and be viewed as valuable experiences by teachers. Not surpris-
ingly, the more engaged the teachers are, the more students will learn. Since field 
trips are often akin to “outsourcing” expertise, and informal science educators 
are in fact expected to assume the role of instructor, teachers still need to remain 
visibly engaged in order for their students to sustain their own participation and 
engagement. Informal science educators often need teachers to help with class 
management and crowd control as well.

Parent and teacher chaperones are an essential element of school field trips, 
often required to supervise students. Unfortunately, it is difficult to recruit chap-
erones in sufficient numbers. Depending on the nature of the field trip experience, 
chaperones (like classroom teachers) could assume an enhanced educational role, 
providing interpretation and instruction and focusing student attention where need-
ed and when appropriate. In fact, there is little evidence that chaperones are used in 
this fashion. When the California Science Center experimented with chaperone-led 
field trips, teachers did not make much use of the program, and the initial research 
on the effectiveness of chaperones as field trip docents was inconclusive.9

While teachers and parent chaperones could be a productive resource for 
the field trip, there are many informal educators who recommend that they both 
be used sparingly to avoid adult intervention in student learning. It is a fine line 
between focusing students’ attention and changing the experience from one of dis-
covery to one of lecture and demonstration.

Reinforcement After the Field Trip

Although teachers intend to do follow-up after a field trip, they often end up 
just collecting and grading student worksheets that are given out during the field 
trip. Griffin’s 1994 study of field trips taken by students in 13 Australian schools 
showed that about half of the teachers reported that they planned to do follow-up 
activities but only about a quarter actually ended up doing so.10 In addition, few 
students expected to receive meaningful follow-up, perhaps indicating what they 
experience most frequently. Studies in Canada, Germany, and the United States 
produced similar findings.11

One of the reasons that developing meaningful post-visit activities is chal-
lenging is that the experience often does not align with the classroom learning 
program. As a result, follow-up activities could potentially disrupt the work 
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being done in the classroom. Even when the field trip does align with work being 
covered at school, connections between the two experiences often are not made. 
What’s more, when teachers do try to have a discussion after the field trip, often 
it involves little more than asking students if they enjoyed the experience. When 
well-designed examples of classroom follow-up have been documented, they are in 
fact associated with positive educational impacts. 

TAKING FIELD TRIPS TO THE NEXT LEVEL

While most field trips may involve one structured activity and a half hour of 
unstructured time, the Gulf of Maine Research Institute (GMRI) has developed a 
different type of field trip experience. Not only is the informal science program 
aligned with the school science curriculum, it also gives students entry to a state-
of-the-art facility, the Cohen Center for Interactive Learning, housed at the GMRI. 

The following case study describes LabVenture!, the GMRI program that 
is available to all middle school teachers and their fifth- and sixth-grade students 
in Maine. To date, more than 10,800 students from 177 schools throughout the 
state’s 16 counties have participated in the program. It is an example of an ongo-
ing relationship between a scientific facility and the schools that allows students to 
work with scientific instruments and use the skills of science to answer a compel-
ling real-world problem. 
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When GMRI opened its doors in 2006, the dream 

of its founders was to offer as many Maine middle 

school students as possible the opportunity to experi-

ence real science. Through LabVenture!, their dream 

is slowly becoming a reality.

“We charter three buses and pick up kids as 

much as seven hours away to bring them to the 

Center,” says Alan Lishness, LabVenture!’s director. 

“When they arrive, we take them into the theatre 

laboratory and show them an immersion film, where 

they take a virtual trip. Starting at their school, they 

travel to western Maine, the West Atlantic, and then 

to the Atlantic Ocean, where they finally see it in its 

entirety. It’s insanely exciting. And believe it or not, 

in a room of 48 students, it’s possible that as many as 

80 percent have never seen the ocean.”

The students’ total immersion film experience 

is merely an introduction. The core of their adven-

ture begins when they divide into teams of three or 

four to investigate the mystery of the X-Fish. They 

do so by solving problems set up at four different 

stations. 

Each station offers its own unique experience. 

At one station, students observe a dead fish, paying 

close attention to the size of its mouth and  whether 

it has teeth. On the basis of their observations, they 

record a hypothesis about characteristics of the fish. 

The Mystery of the X-Fish

Solving the mystery of the X-Fish involves work at four 
different stations.
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At another station, students study the X-Fish’s stom-

ach contents to determine what it eats. 

A third station shows students how to find the 

X-Fish, first on a scientific cruise in the Gulf of Maine 

and then on a fishing expedition. During the expedi-

tion, the team works together to make decisions, 

which determine how profitable the trip turns out 

to be. At the fourth station, the students come face 

to face with a large tank of fish. They observe the 

fishes’ behavior and then imitate them by running 

around the tank. The trick is to never bump each 

other, just as schooling fish swim together without 

getting in each other’s way.

After all the students have visited each station, 

they spend 20 minutes preparing a presentation. 

Each team then shares its ideas about the X-Fish. Just 

as scientists do, the student scientists work together 

to solve the mystery.

The program doesn’t end when the students 

and their teachers leave the center. They can con-

tinue to discuss the experience by accessing personal-

ized student websites. The websites document the 

students’ thoughts and ideas, which have been saved 

online throughout the day. Students can review and 

annotate their websites, as well as continue to inter-

act with GMRI staff through the center’s blog. 

But perhaps the biggest 

bonus of the experience comes 

from observing the kids and 

how well they work together. 

“What comes across watch-

ing the kids is how they treat 

each other with respect and 

learn from one another,” says 

Lishness. “We expect the world 

from them, and they rise to 

meet—and even surpass—our 

expectations.”12

It’s a watery world when you’re 
up close and personal with fish.
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What Did the Students Learn? 

Based on the summative evaluation of LabVenture!,13 much of the learning that 
took place was in the development of inquiry skills (Strand 3). Based on responses 
from an online survey, about 74 percent of the students in the research sample 
said they learned about conducting scientific investigations by observing, forming 
hypotheses, collecting evidence, and analyzing their results. 

The second area of learning mentioned most frequently by the students was 
working as part of a research team (55 percent). In addition, about 50 percent of 
the students said that they had the opportunity to figure out how to use scientific 
tools. Both of these learning gains correspond to Strand 5. 

The students also noted that their visit to GMRI piqued their interest in 
marine science. Nearly half (47 percent) wanted to understand more about the 
Gulf of Maine watershed, and more than one-third expressed new interest in 
local freshwater resources. 

But equally important, the kids experience learning as enjoyable and 
satisfying. “I learned how much fun oceanography can be,” one student says. 
Another mentioned learning about the different types of tools scientists use. And 
one student expressed his opinion succinctly: “I learned a lot of cool stuff that I 
didn’t know.” 

From the teachers’ vantage point, the experience at GMRI reinforced the 
fifth- and sixth-grade science curriculum, which includes the study of weather, 
environmental sciences, ecology, watersheds, and estuaries. Also stressed in these 
grades is the development of scientific inquiry skills. In the view of many of the 

“Based on responses from an online survey, about 74 percent 

of the students in the research sample said they learned about conducting 

scientific investigations by observing, forming hypotheses, collecting 

evidence, and analyzing their results.

”
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teachers surveyed, GMRI offers their students a chance to learn some of this 
content and practice science skills in an authentic setting. As one teacher put it, 
“[GMRI] fits the curriculum like a glove. . . . It goes perfectly with our unit on 
fish classification and is a great hands-on science experiment for my students.” 

Another teacher echoed those sentiments, adding that “my students would 
never be exposed to anything dealing with marine science otherwise (and I can 
say that for grades K-8); this program is a much-needed addition to our science 
curricula.” 

ANOTHER MODEL FOR LINKING SCHOOLS AND INFORMAL SETTINGS

The LabVenture! case study illustrates how a research institution can develop and 
sustain an ongoing relationship with local schools through what is primarily a 
field trip experience. Through this relationship, students have an opportunity to 
experience science in an authentic setting, using real scientific instruments.

The next example discusses a relationship between schools (local high 
schools), the city in which these schools are located, a large science center, and a 
nature center. What is unique about this program is that it goes beyond the field 
trip model. It involves a long-term, sustained experience that capitalizes on unique 
local resources. This collaboration has evolved into a positive learning experience 
for students young and old.
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everyday SCIENCE  

In Washington State, a year-long program for 

high school students, called the Lake Washington 

Watershed Internship Program, is made possible 

through a collaboration among the city of Bellevue, 

Bellevue’s five high schools, the Pacific Science Center, 

and the Mercer Slough Environmental Education 

Center. Throughout the year, 27 students meet once a 

week to learn about the watershed, conduct hands-

on experiments, and work to restore the creek beds 

around Mercer Slough.

One way the program recruits student interns is 

by going into the schools and seeing who is involved 

in after-school ecology clubs. After an interview 

process, the interns are selected. Many stay with the 

program for 3 years, from 10th through 12th grade. 

During the first year, they participate as volunteers, 

but in subsequent years the students are paid.

Perhaps the most exciting part of the program 

is the opportunity that the high school students have 

to go into local elementary schools to teach younger 

children about the environment. “They create their 

The Lake Washington Watershed 
Internship Program

own lesson plans and become really passionate about 

environmental education,” says Julie Rose, the pro-

gram coordinator. “I hear some of the kids say that 

the internship inspired them to go into teaching.”

To learn more about the impact the program 

has had on the high school students, Rose and her 

colleagues posted a survey on the Internet through 

Facebook. Although the data are preliminary, it ap-

pears that interns stay in touch with each other and 

discuss how the program has affected their lives. 

This past year, Rose and her colleagues 

reached the milestone of seeing more than 100 in-

terns go through the program. As a testament to the 

program’s value, the Pacific Science Center has just 

made it a permanent part of its budget. “The Science 

Center recognized that the program is worthwhile,” 

explains Rose. “It is involved in the community and 

teaches people that science is fun and interesting.”14 

Interns work together and with younger 
students.



Copyright © National Academy of Sciences. All rights reserved.

Surrounded by Science: Learning Science in Informal Environments

Surrounded by Science176

OUT-OF-SCHOOL-TIME PROGRAMS: AN OPPORTUNITY FOR 
PARTNERSHIPS

Another way that formal and informal science settings can join forces is to 
offer unique opportunities for students through out-of-school-time programs. 
Historically, relationships between schools and out-of-school programs—particu-
larly community-based out-of-school programs—have often been characterized by 
mutual mistrust and conflict. In a report based on 10 years of research studying 
approximately 120 youth-based community organizations throughout the United 
States,15 Milbrey McLaughlin explains: 

Adults working with youth organizations frequently believe that school 
people do not respect or value their young people. Educators, for their 
part, generally see youth organizations as mere “fun” and as having little to 
contribute to the business of schools. Moreover, educators often establish 
professional boundaries around learning and teaching, considering them 
the sole purview of teachers. If we want to better serve our youth, there is 
an obvious need for rethinking the relationship between schools and out-
of-school programs, particularly for out-of-school programs that have an 
academic focus such as science.16

There are different models of relationships between schools and out-of-school 
programs.17 At one extreme, there is the model of “unified” programs that are the 
equivalent of what is now called extended-day programming. Under this model, 
out-of-school programs can become essentially indistinguishable from school, since 
they take place in the same space and are usually under the same leadership (the 
school principal). At the other extreme lie “self-contained” programs, which inten-
tionally choose to be separate from schools. Taking place in a different location, 
they often provide students with an entirely different experience from school. 

Many programs operate between these two extremes. In some cases, the 
out-of-school curriculum is closely connected to the school curriculum. In such 
programs, the program coordinators and staff know on a week-by-week basis the 
material teachers are covering in class and can directly connect it to out-of-school 
activities. The result is that the out-of-school science experience is essentially an 
extension of school science, but with a more informal feel. 

In other cases, the out-of-school science programs connect their activities 
to the general school science curriculum and standards but not to what students 
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are learning in class on a daily or weekly basis. This approach avoids some of the 
conflicts between science in schools and out-of-school programs, while allowing 
out-of-school programs to support students’ learning in schools. It also has logisti-
cal benefits, since it does not require the same level of planning and day-to-day 
communication between school teachers and out-of-school staff. 

Finally, in some programs, out-of-school science is entirely disconnected 
from school science. Directors, coordinators, and staff of the programs make sure 
that participants are engaging in high-quality science experiences, but they do not 
consider it essential for students to connect out-of-school science to school science. 
In some cases, these programs may go so far as to argue that by keeping the two 
worlds separate, out-of-school programs can provide students with an alternate 
entry point into science if they have already been turned off from school science. 

The Multicultural Education for Resource Issues Threatening Oceans 
(MERITO) Program in Monterey, California, illustrates a middle ground, where 
the out-of-school-time curriculum and activities are coordinated with classroom 
activities, but not necessarily in lockstep. The MERITO Program is a collabora-
tion among the Monterey Bay National Marine Sanctuary (MBNMS), local school 
districts, and other local stakeholders. Its purpose is to provide underrepresented 
students with hands-on field experiences and in-class activities to teach them 
about nature and to instill in them a desire to protect the habitat. The program 
has two goals: to reach the community’s growing Latino population and to teach 
this population about the importance of protecting the area’s pristine shorelines 
and marine life. It is funded in part by the National Oceanic and Atmospheric 
Administration’s California Bay Watershed Education and Training Program. The 
next case study provides a look at this program.
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everyday SCIENCE  
The Monterey Bay National Marine 
Sanctuary and Pajaro Valley Unified 
School District Working Together

In 2002, MERITO launched a pilot program in partner-

ship with the Pajaro Valley Unified School District. 

Working with Pajaro Middle School and the Elkhorn 

Slough National Estuarine Research Reserve, educators 

began by developing activities and field experiences. 

These experiences would become a full curriculum 

aligned with California state standards and designed 

specifically for a diverse population of learners. 

During the first year, 34 lesson plans were 

piloted with middle school students. Lessons ranged 

from native plant restoration, to shark tagging, to 

crab monitoring. Students met once a week to work 

on these hands-on science activities. 

But lessons were not the only element of the 

curriculum. As part of the program, scientists from 

the field visited the students in their after-school set-

ting to share their research with them. To 

cap the experience, participants went on 

numerous field trips to such places as the 

Watsonville Waste Water Treatment Plant, 

the Monterey County Waste Management 

District, and the Monterey Bay Aquarium. 

The pilot program was a success. 

As a result, the former school superinten-

dent requested funds to expand the pro-

gram to the three other middle schools 

in the district. Karen Grimmer, acting 

superintendent of the Monterey Bay Sanctuary and 

a champion of the program, summarized the reasons 

behind the program’s effectiveness: “Our communi-

ties are multinational and multilingual in nature. Our 

programs need to reflect the community in order to 

successfully communicate the importance of protect-

ing our coastal and ocean resources.”

The program introduced students to the 

precious environment in their own backyard. Once 

students had a better understanding of this ecosys-

tem and the role they could play in protecting it, they 

embraced the charge and became stewards and advo-

cates of the environment. In the process, the students 

also learned important science concepts and became 

energized and excited about the possibilities available 

to them through a strong background in science.18 

Clean-up day at the beach.
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Documenting the Learning That Occurred

At the beginning of the program, students were given a pretest to see what they 
knew about the watershed. The results showed little knowledge of this environ-
ment. So the teachers began by introducing the students to the basics in these 
areas. Throughout the year, they built on that foundation in a methodical way. 
This approach turned out to have tremendous payoffs. 

As the year progressed, the evaluation team observed that students were 
able to explain the connections between watersheds and the ocean, how the health 
of local waters affects humans and wildlife, and why watersheds and the ocean 
need protection (Strand 2). In addition, students were excited about what they 
were learning and brought their families to community events, such as Earth Day 
(Strand 1). The students worked with their families to create and distribute posters 
on storm drain pollution (Strand 5).

By the end of the first year, the program could claim some success. Although 
they had limited resources, the partnership between formal and informal educa-
tion played a pivotal role in introducing children to their environment and what 
they could do to protect it. 

The Value of Collaboration

These three examples—LabVenture!, the Lake Washington Watershed Internship 
Program, and MERITO—illustrate the potential of collaborations between formal 
and informal settings to maximize learning opportunities for students. Educators 
involved with each informal science program became knowledgeable about the 
school science curriculum so that they could provide the students with comple-
mentary experiences. 

Because these programs take place outside school, they have the advantage of 
providing key instruction away from the pressure inherent in the formal school envi-
ronment. These advantages could help reach students who have difficulty learning 
in school, are turned off by formal education, or are looking for a different kind of 
experience to inspire them to take their interest in learning to the next level. 
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TEACHER PROFESSIONAL DEVELOPMENT IN INFORMAL SETTINGS

Informal settings have long been recognized as an ideal place for in-service teacher 
professional development, largely because of their emphasis on learner-directed 
learning in a phenomenon-rich setting. In fact, teacher professional development 
is offered extensively by informal institutions such as museums, science centers, 
zoos, and education and outreach staff of parks for mainly three purposes: to pro-
vide content knowledge to pre-K-12 teachers, to provide pedagogical skills based 
on informal instructional techniques, and to promote the use of teaching materials 
(often developed by the institution itself). Until recently, however, their role has 
been relatively undocumented, and much of the evidence for their effectiveness or 
even successful practice is hidden in evaluation studies that have not been made 
public. There is evidence that teachers make extensive use of professional devel-
opment provided through informal institutions and that they enjoy the different 
perspective provided by informal settings. However, little is known about whether 
professional development provided by informal science settings is more effective 
than that offered by other providers.

While many informal settings offer some form of professional development 
for teachers, very few cooperate with teacher colleges to offer educational expe-
riences for teachers in training or pre-service teacher training. David Anderson 
and his colleagues from the University of British Columbia, Canada, studied how 
informal science settings could be used for a pre-service program.19 The setting 
selected was the Vancouver Aquarium Marine Science Centre. The program began 
with pre-service teachers participating in a 3-day intensive program, which served 
as an orientation to the aquarium’s educational programs. They also learned 
about student-centered, hands-on pedagogy and the institution’s educational 
goals, described as “developing inspiration, curiosity, and marine stewardship.” 
Following the program, the teachers spent 10 weeks working in a school. Then 
they returned to the aquarium for another 3 weeks to work in the educational 
programs under the guidance of aquarium staff. 

After the school and aquarium segments were completed, Anderson con-
ducted two focus groups with the aspiring teachers, analyzed reflective essays they 
wrote during the semester, and made ethnographic observations at the aquarium. 
Based on their reflections and experiences, the researchers determined the impact 
of the experience in terms of their understanding of the big picture of educa-
tion and their growing sense that learning can take place in many settings; their 
understanding of education theory; their classroom skills, sense of autonomy, and 
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commitment to collaborative work; and their self-efficacy and recognition of the 
power of hands-on experiences in learning science. Although, based on self-reports 
of a relatively small sample, the results suggest that this is a promising way to 
integrate teacher education in formal settings with instruction in informal learning 
environments. However, further research and development are needed to docu-
ment these promising findings.

Existing research and a variety of evaluation studies suggest that teacher 
professional development offered by informal science institutions should adhere to 
the following criteria:

•	 goals need to be defined clearly and need to be attainable; 

•	 programs should be developed in collaboration with teachers and schools to 
ensure the applicability and usefulness of the strategies offered (conduct a 
needs assessment); 

•	 programs ought to aim beyond the immediate professional development experi-
ence and focus on implementation in the classroom, with attention to fidelity 
of implementation while allowing teachers to adjust to their specific situation; 

•	 professional development experiences need to allow teachers to learn from one 
another, share experiences, and model new strategies; and 

•	 online offerings need to include “practice at school” and follow-up support 
should be provided.

Taking the Lead in a Statewide Initiative

In some instances, informal settings can take the lead in improving the quality of 
science education in formal settings. In the late 1990s, the Pacific Science Center 
in Seattle was instrumental in working with other stakeholders to implement a 
statewide systemic reform effort called LASER (Leadership and Assistance for 
Science Education Reform). Part of a strategic leadership team, the Pacific Science 
Center helped bring exemplary inquiry-centered science curriculum materials to 
the state’s elementary school children. Along with the new curriculum materials, 
the leadership team also ensured that teachers received professional development 
before presenting the material in the classroom. 
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Many evaluation studies have been conducted on the still ongoing LASER 
project. RMC Corporation investigated the relationship between professional 
development and the number of fifth-grade students meeting the standards on the 
state’s science test.20 The results showed a strong positive correlation. The evalu-
ators also determined that students made significant gains in their understanding 
of science from pre- to post-assessment, which took place after the students had 
completed work on several modules.

The Pacific Science Center is unique in that it has the capacity to lead such 
a large-scale effort. It is well positioned to seek private funding, build a coalition 
of stakeholders, and galvanize community leaders and politicians to get involved. 
While many informal science institutions are not able to assume such a large role in 
a major reform effort, this example does indicate the invaluable contributions that 
well-established informal science institutions can make on teaching and learning. 

LEARNING PROGRESSIONS AND PREPARATION FOR FUTURE LEARNING

Learning progressions in science21 are an emerging area of research in science 
education that could inform and be supported by the informal science community. 
A learning progression organizes the study of science so that learners can revisit 
important science concepts and practices over many years. For example, the big 
ideas of science, such as evolution and matter, are introduced during the early 
grades or at an early age; as students’ capabilities increase, greater depth and com-
plexity about these big ideas are added. At each phase, learners would be able to 
draw on and develop relevant capabilities across the strands. 

Informal science environments could play a complementary role in support-
ing the understanding of these key ideas. For example, a program or exhibition 
in an informal setting could be designed specifically based on our understanding 
of learning progressions. The New York Hall of Science, working with the Miami 
Museum of Science and Planetarium and the North Museum (a small natural 
history museum in Lancaster, PA) and collaborating with a developmental psy-
chologist from the University of Michigan, is developing a traveling exhibition on 
evolution that is based on current understanding of children’s naïve reasoning and 
their progressively more sophisticated understanding as they mature from age 5 to 
age 12. The exhibition itself is designed to lead children of various ages through 
a series of increasingly more complex explanations of ideas related to evolution. 
Initial results of research on learning from the exhibition are encouraging. Also, 
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the inclusion of a learning progression researcher fundamentally altered the design 
process and the goals for the exhibition: the museum experts, for instance, were 
more inclined to recognize smaller steps in individual understanding as appro-
priate goals along a pathway to fully grasping key aspects of evolution. Early 
research also led to a redesign of the exhibition based on a coherent narrative 
that brings together key ideas of evolution, such as variation, inheritance, and 
adaptation.

Alternatively, informal environments could differentiate themselves from the 
K-12 agenda by going “broad” on issues that the formal community chose to go 
“deep” with. In this way, informal environments could bridge the gap in teaching 
and learning by providing information not included in the learning progressions.

 Another promising new area of study is the concept of “preparation for 
future learning,” which recognizes that learning experiences might not always 
immediately and directly lead to increased knowledge or understanding. Instead, 
they may prepare the learner by creating cognitive dissonance or other forms of 
mental preparation that enhance the learning success when the learner encounters a 
later opportunity to build on the original experience (such as an explanation given 
by a parent or a follow-up to a field trip in the classroom). This approach has 
implications for informal settings like museums, since the purpose of the museum 
visit or a school field trip may not lie in conveying specific knowledge, but to use 
the original experiences as a preparation for subsequent classroom instruction. The 
potential of using informal learning environments as a starting point for future 
learning in the classroom serves as a reminder that informal and formal learning 
are interconnected aspects of the same overarching principle: a quest for lifelong 
learning that allows everyone to explore the natural and built environment and 
grow in their knowledge, understanding, and appreciation of the world.

	 	 	 	 O  O  O
 
Science learning has the potential to cut across many platforms. Interested learners 
can go to an aquarium to observe sea life, go home and find more information on 
the topic on the Web, and watch a television program in the evening. As technol-
ogy becomes more sophisticated, many ways to link museums and other designed 
settings to home computers or mobile devices are becoming available. People can 
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already view some museum collections online, and podcasts and webinars make 
events held at different settings accessible to a wide range of learners. 

The relationship between formal and informal environments is of particular 
interest; in fact, research indicates that each setting has much to offer the other, 
but determining strategies that are applicable to multiple environments is still 
underway. Based on the research, however, informal science institutions have a 
role to play as destinations for field trips, settings for out-of-school-time pro-
grams, and places where professional development activities are held. 

Things to Try

To apply the ideas presented in this chapter to informal settings, consider the 
following: 

•	 If you are interested in embarking on a formal–informal collaboration, consider 
asking the following questions: 

—	 Is there a shared vision? Do all stakeholders know what they want to get 
out of the collaboration? Have reasonable goals been established to help all 
involved realize their vision? 

—	 Is the informal setting committed to working closely with the schools to 
develop a program that works for everyone?

—	Conversely, are the schools committed to working closely with informal 
settings? Does each of the partners know about other partners’ assets and 
constraints?

—	Have clear and consistent lines of communication been established? Have 
informal settings considered the best ways to talk with schools? For exam-
ple, is e-mail better than phone calls? Are more frequent, brief exchanges 
better than less frequent, more involved encounters? Are there mechanisms 
in place to inform parents about the nature of the relationship and progress 
being made? Has there been a staff person assigned to monitor the relation-
ship and be accountable for successes and failures?

—	Are teachers being sufficiently supported by the informal setting? Are strat-
egies in place to build trust and establish a strong relationship in which 
teachers and staff from the informal setting are learning from each other? 
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•	 This chapter has explored ways to strengthen the connections between formal 
and informal environments, but it is clear that more research is needed. If pos-
sible, consider how your institution could contribute to the research base. Can 
you set up studies that explore how people routinely traverse settings and engage 
in learning activities across the board, from formal settings to informal ones? 

•	 Technology may open the doors to greater access to science learning to wider, 
more diverse audiences. Has your institution developed ways to use technology 
to expand its reach? Using the ideas in this chapter, consider how technology can 
be used in your setting not only to help extend science learning, but also how to 
use technology to integrate school and out-of-school learning experiences.

•	 When developing programs and materials that connect formal and informal set-
tings, ensure that the needs of each side are known and that programs or mate-
rials are developed with sufficient early input by each stakeholder. Packaged 
field trip experiences or curricular materials should be developed in close col-
laboration with teachers and students and pilot-tested before implementation, 
and the benefit of this process should be made explicit to all stakeholders.

•	 Try to embed evaluation and assessment to the extent possible and find authen-
tic ways to assess student learning. Find ways for teachers to be given student 
assessment materials that address their needs and for evaluations to be conduct-
ed in an enjoyable and playful way. Consider learning progressions and follow-
up (such as preparation for future learning) when defining goals and outcomes.

•	 Collaborate with other informal institutions that have similar goals and face 
similar problems. Working with others improves your ability to involve the for-
mal sector and provides more options for creating lifelong learning pathways 
for students. 

•	 Is there a way to enhance interactivity in your setting by using technology and 
cutting across platforms? For example, could a museum visit lead people to a 
website or a real-world setting in which they could continue to explore what 
they just learned? Could cell phones, MP3 players, or other devices be used to 
enhance the experience? Are there other ways to use technology to link experi-
ences at informal science environments? Can you capture visitor experiences 
and provide opportunities for visitors to reflect on their experiences, either 
onsite or online?
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The National Science Foundation (NSF) has 
invested more than $60 million in the last 7 years 
into four major initiatives that investigate the 
connection between formal and informal science 
learning. In addition, a variety of smaller research 
and development projects across a range of NSF 
programs have studied this intersection.

By far the largest of these projects is the 
“Learning in Informal and Formal Environments 
(LIFE) Center,” which seeks to understand and 
advance human learning through a simultaneous 
focus on implicit, informal, and formal learning. 
The goal of research conducted by the LIFE 
Center is to produce interdisciplinary theories 
that can guide the design of effective new learning 
technologies and environments. The LIFE Center 
brings together experts from research traditions 
that have so far tended to work separately from 
one another: neurobiology and psychology, 
social and cultural sciences, and science learning 
technologies. A central premise of the LIFE 
Center is that successful efforts to understand and 
propel learning require a simultaneous emphasis 
on informal and formal learning environments, 
and on the implicit ways in which people 
learn. The basic research at the LIFE Center is 
being conducted through three intersecting and 
multidisciplinary lines of inquiry. The first line, 
Implicit Learning and the Brain, investigates 
the underlying neural processes and principles 
associated with implicit forms of cognitive, 
linguistic, and social learning. The second line, 
Informal Learning, conducts studies of science, 
technology, engineering, and mathematics 
(STEM) learning in informal settings to develop 
comprehensive and coordinated accounts of 
the cognitive, social, affective, and cultural 
dimensions that propel learning and development 
outside of schools. The third line, Designs 
for Formal Learning and Beyond, conducts 

experimental studies in support of designing high-
quality learning environments, including theories 
and measures of transfer (i.e., the ability to utilize 
what has been learned in one setting, situation, 
or for one problem to another, related one). The 
$25 million project unites researchers from a 
variety of universities and nonprofit educational 
research centers.

In 2006, NSF funded a new initiative entitled 
Academies for Young Scientists (AYS). The NSF 
AYS Program funded 15 new projects across 
the United States, each designed to engage K-8 
students to become or remain excited about 
STEM disciplines. Each of the individual 
projects is built on partnerships of formal 
and informal education providers, private-
sector partners, and Colleges of Education to 
expose students to innovative out-of-school-
time learning experiences that demonstrate 
effective synergies with in-school curricula and 
take full advantage of the special attributes of 
each educational setting in synergistic ways. 
While projects funded through NSF AYS differ 
considerably in their individual approaches and 
desired outcomes (beyond creating excitement 
and motivation in the youth participants), NSF 
also provided support for a Learning and Youth 
Research and Evaluation Center (LYREC) 
that compares the relative effectiveness of the 
various implementation models in urban, rural, 
and suburban settings representing diverse 
student populations. The NSF AYS portfolio of 
projects, taken as a whole, is designed to inform 
NSF and the broader educational community 
of what works and what does not, for whom, 
and in what setting. LYREC is a collaboration 
of the Exploratorium, Harvard University, 
Kings College London, SRI International, and 
University of California (UC) at Santa Cruz. 
LYREC provides technical assistance to NSF AYS 
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projects, collects and synthesizes their impact 
data, and oversees dissemination of progress 
and results. This center builds on the Center for 
Informal Learning and Schools (CILS).

In 2002, CILS was funded with almost 
$12 million in funding by NSF to create a 
program of research, scholarship, and leadership 
in the arena of informal learning and the 
relationship of informal science institutions and 
schools. CILS is a collaborative effort between 
the Exploratorium in San Francisco, UC at 
Santa Cruz, and King’s College in London (UK). 
CILS focused its efforts on developing a new 
crop of scholars and disseminating its research 
broadly into the community. Through dozens 
of doctoral students and postdoctoral fellows, 
CILS expanded the area of scholarship in the 
intersection of formal and informal science 
education and offered professional development 
for existing informal science professionals to 
better enable them to support teachers, students, 
and the general public. Part of CILS, the “Bay 
Area Institute” served as a central focus for all 
CILS activities and has helped in disseminating its 
work to current and future leaders in the field.

CILS focused on making K-12 science 
education more compelling and accessible to a 
diverse student population, including students 
who come from families with little formal 
experience with K-12 schools and science 
learning. CILS did this through studying science 
learning in out-of-school settings, including 
informal science institutions, and building 
programmatic bridges between out-of-school 
and school science learning, with the ultimate 
goal of strengthening alliances between informal 
learning institutions and schools and broadening 
conceptions of (science) learning.

A different perspective on researching the 
intersection of formal and informal science 

learning and teaching was taken by the St. 
Louis Center for Inquiry in Science Teaching 
and Learning (CISTL), a project supported 
by more than $10 million of NSF funding. 
CISTL combines research into science teaching 
and learning with a focus on professional 
development and support needed to bring 
inquiry-based teaching and learning into K-12 
science education in both formal and informal 
settings. The project brought together three 
informal science institutions, two universities, five 
school districts, one community college system, 
and the Association of Science-Technology 
Centers (ASTC). CISTL’s research agenda focused 
on the effect of varying types of collaboration 
and the interfaces among the collaborators 
(education and scientific; formal and informal) 
on professional development of new and 
experienced educators. Part of the project was 
the development of a diagnostic tool for assessing 
strengths and weaknesses in science and inquiry 
backgrounds for teachers and other science 
educators. Like LIFE and CILS, CISTL aimed for 
synergy between research and practice through 
research based on practice, practice based on 
research, and the translation of research into 
practical suggestions for educators. 

Aside from these large research-to-practice 
initiatives, NSF (and other federal and private 
funders) have supported a wide variety of projects 
that link teaching and learning in formal and 
informal environments. One particular example 
that might have implications for practice is the 
almost $1 million project Informal Learning 
and Science in Afterschool: A Research and 
Dissemination Project (ILSA). The ILSA research 
project investigates the nature of informal 
science in after-school programs around the 
country. The 3-year study consists of surveys 
of 1,000 programs, in-depth interviews with 
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a subset of 50, and case studies of 8 sites. The 
study seeks to document the nature of student 
participation and learning in science activities 
in “typical” (nonscience-specific) after-school 
programs, and the infrastructure required to 
support these programs. “Infrastructure” includes 
curriculum, staff recruitment and support, and 
program leadership and structures. The study 
brings together researchers at Harvard University 
(McLean Hospital), the Exploratorium, the 
Lawrence Hall of Science, and Reginald Clark 
and Associates. Most importantly, ILSA is part 
of the Program in Education, Afterschool & 
Resiliency (PEAR), which is dedicated to making 
meaningful theoretical and practical contributions 
to youth development, school reform, and 
prevention of high-risk behavior. PEAR was 
founded in 1999 as a collaboration between 
Harvard Medical School/McLean Hospital and 
the Harvard Graduate School of Education 
with a number of strong community partners. 
The program was established in response to the 
growing recognition that high-quality afterschool 
programs hold the promise of building resiliency 
and preventing high-risk behavior in youth, as 
well as contributing to school success. PEAR 
takes a developmental approach to the study of 
new models of effective afterschool programming, 
and incorporates educational, health, public 
policy, and psychological perspectives. PEAR 
presents on its website (http://atis.pearweb.org/) 
an assessment tool to measure performance of 
informal and out-of-school science, technology, 
engineering, and math programs that features 
a broad range of proven methodologies and 
instruments.

Each of the five featured initiatives (LIFE, 
CILS, AYS, CISTL, and PEAR) publishes its 
findings through peer-reviewed research articles, 
conference presentations, symposia, and white 
papers, some of which are easily accessible 
through their informative websites. Yet, like many 
initiatives of these kinds, transfer of knowledge 
from original research to practice remains 
challenging. However, readers are encouraged 
to look for more information and to connect to 
the growing network of scholars and scholarly 
practitioners that emerge from these important 
investments into the intersection of formal and 
informal teaching and learning. 
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	 programs, 4, 54, 114, 135, 189-190
	 resources for developing, 114
	 scale of outcomes, 104-105, 108
	 sharing, 114
	 social norms and, 109
	 standardized, 109, 111, 113
	 strands framework and, 108-110, 179
	 surveys, 23, 33, 106, 173
	 target audience, 105, 112
	 things to try, 32-33, 100, 113-114
	 tracking and timing methods, 107
Association of Science-Technology Centers, 189
Association of Zoos and Aquariums, 96, 101
Astronomy, 3, 15-16, 26
Augare, Helen, 133, 134

B
Backyard research, 15-16, 21, 22-24, 25, 32
Bartlett, Karol, 162
Bay Area Discovery Museum, 164
Benbow, Ann, 151
Biodiesel fuel experiment, 98
Birdwatching, 133, 147, 149
	 House Finch Eye Disease Survey, 24
	 Project FeederWatch, 21, 22-24, 25, 32
	 Seed Preference Test, 24, 25
Blackfeet Community College, 132, 133
Blackfeet Native Science Field Center, 132-136
Blackfeet Reservation, 132
Bonney, Rick, 22, 24, 205

C
Calabrese Barton, Angela, 121
California Bay Watershed Education and Training 

Program, 177
California Science Center, 31, 169
Callanan, Maureen, 73
Cell Lab (exhibit), 43-48, 52, 66, 107, 109
Cell phones, 163, 165
Center for Informal Learning and Schools, 189, 190
Center for the Advancement of Informal Science 

Education, 18, 34, 62, 80, 115, 159

Children and youth. See also Out-of-school-time 
programs; Parent-child interactions; Playing to 
learn

	 adolescents, 142
	 cognitive development and learning, 140-141
	 metacognition, 38-39
	 opportunities for learning, 52-60, 140-146
	 science identity building, 30-31
Children’s Discovery Museum, 73, 122, 123-126, 127, 

128, 129, 137
Children’s Museum of Indianapolis, 83-86, 162
Citizen science
	 activities, 2, 4, 22-24, 25, 35, 88, 149
	 social interactions, 65-66
	 Web site, 34
City University of New York, 88
Clara Maass Continuing Care Center, 154
Clubs. See Amateur science clubs
Cognition and learning
	 affect and, 82-83
	 barriers to, 54, 55
	 children and adolescents, 140-141
	 expert vs. novice, 13-14, 38-39, 60
	 intuitive ideas, 38, 39, 55, 140
	 older adults, 150-151
	 principles, 17-18
	 prior knowledge and, 5, 12, 13, 14-15, 17, 38-39, 42, 

60, 65, 71, 73, 82-83, 127, 140, 162
	 social interaction and, 14, 15, 17, 46, 66, 78-79, 83, 

87, 93, 97, 122
	 systematic approach to research, 13-17
Cohen Center for Interactive Learning, 170-174
Cohort effects, 155-157
Collaborations and linkages
	 for assessments, 114
	 challenges, 166
	 community partnerships in design and development, 

121, 122, 123, 126, 129, 132, 136, 153, 154, 155, 
158, 176-179, 184

	 informal and formal environments, 166-175, 178-
182, 187-190

	 media and designed environments, 15-16, 44-46, 48, 
61

	 research investments in, 187-190
	 scientific facility partnerships with schools, 170-174
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	 sharing activities among museums, 48
	 teacher professional development, 180-182
	 things to try, 184-185
	 value of, 179
Color Connection (exhibit), 84-86
Community partnerships, 121, 122, 123, 126, 129, 132, 

136, 153, 154, 155, 158, 176-179, 184
Conservation, 81-83, 96-97, 110
Conversations and discussions
	 adult-child interactions, 7, 63-66, 73-76
	 affective talk, 72
	 as assessment tool, 66, 68-72, 79, 106, 107
	 conceptual talk, 70-71
	 connecting talk, 71
	 content analyses of discussions, 106
	 designing space for, 46, 66
	 evidence of learning, 68, 71
with experts, 2
	 explanatory, 73-76
	 facilitating discussion, 10, 11, 46, 122
	 in family settings, 1, 64-65, 166
	 learning opportunities, 2, 3
mediating strategies, 76, 79
	 and motivation to learn, 63-64, 86
	 perceptual talk, 69-70
	 provoking discussion, 6, 8, 12, 67
	 research challenges, 66, 68
	 scientific norms and language learned in, 64, 66
	 strategic talk, 71-72
	 things to try, 79
	 TV viewing with, 65, 77, 78
Coral Reef Adventure (movie), 81-82, 107
Cornell Lab of Ornithology, 22-24, 33, 66, 149
Cosmic Serpent, 137
Cousteau, Jacques-Yves, 161
Craik, Fergus, 152
Crowley, Kevin, 73, 74, 75
CSI: Crime Scene Investigations, 29
Cultural, diversity, and equity issues
	 audience development initiatives, 122, 123-127, 129
	 building community relationships, 128, 129
	 challenges of engaging nondominant cultures, 120, 

122, 123-124, 128
	 designing inclusive exhibits, 15, 120-127, 129, 132-

136, 152, 158
	 equity issues, 120-127, 143-146

	 generational issues, 123
	 integrating culture and science, 15, 89-93, 119-120, 

132-136
	 language barriers, 120, 121, 122, 127, 129
	 in learning, 14-15
	 out-of-school-time programs, 143-145
	 outreach model, 121, 123
	 for people with disabilities, 120, 128, 130-131, 152, 

154, 155
	 things to try, 32, 136, 158
	 tools and artifacts, 15
Culture of science. See also Scientific practices
	 program examples, 89-91, 144-145, 146, 170-174
	 social interactions, 15, 19-20, 30, 32
	 strand 5, 17, 30, 47, 55, 64, 93, 146, 151, 173
	 tools and language, 20, 23, 25, 27, 29, 30, 43-48, 55, 

64, 146, 151, 173
	 values of scientists, 20-21

D
Davidson, Betty, 130
Designed environments. See also Libraries; Museums and 

exploratoriums; Zoos and aquariums
	 assessment as part of, 66, 68, 71-72, 103-104, 107, 

112
	 examples, 2, 3-4
	 extending the learning experiences, 4
	 interactivity in, 3-4, 40, 41-48
	 programs in, 4
	 time frame of experiences, 4
Designing for science learning
	 Active Prolonged Engagement exhibits, 15, 48-49, 50
	 age considerations, 139, 157
	 challenges, 48-54
	 characteristics that encourage learning, 5, 37-38, 83-

86
	 cohort considerations, 155-157
	 community partnerships, 121, 122, 123, 126, 129, 

132, 136, 153, 154, 155, 158, 176-179, 184
	 computer modeling, 51
	 connected learning experiences, 162
	 cultural and diversity issues, 15, 120-127, 129, 132-

136, 152
	 evaluation component, 111-113
	 exploratory experiences, 16
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	 future learning preparations, 183-184
	 insights from research on learning, 13-17, 38-39, 60-

61
	 interactive experiences, 32, 41-55, 56-60, 83-86
	 interpretive materials, 40, 85
	 juxtaposition of prior knowledge and scientific 

explanations, 14, 39-40, 41, 43
	 learning progressions, 182-183
	 long-term experiences, 16, 52-55
	 media, 56-60
	 motivation model, 83-86
	 multiple modes of engagement, 5, 12, 16, 17, 32, 40, 

41, 43, 47, 52, 55, 60, 67, 130-131, 164
	 museum exhibits, 14, 15, 40, 44-48, 50-52, 64, 83-

87, 99, 112, 122-131, 162, 182-183
	 one-shot experiences, 16
	 for people with disabilities, 128, 130-131
	 prior knowledge and interest and, 5, 12, 13, 14-15, 

17, 38-39, 42, 49, 60, 65, 71, 73, 82-83, 127, 140, 
162

	 process, 52
	 programs, 52, 53-55
	 strands framework and, 31-32, 41-42, 47-48, 52, 55, 

60, 87, 103
	 strategies for implementing research, 39-41, 53-61
	 structured exhibits, 16
	 things to try, 60-61, 157-158
	 universal, 128
Dierking, Lynn, 167
Dolphins (movie), 82
Downhill Race (exhibit), 49
DragonflyTV: Going Places in Science, 56-59, 62

E
Elderhostel programs, 4
Elkhorn Slough National Estuarine Research Reserve, 

178-179
Ellenbogen, Kirsten, 46, 47, 48
Environmental centers, 2, 153, 154, 158
Equity in science education. See Cultural, diversity, and 

equity issues
Evaluation
	 assessment distinguished from, 111-113
	 defined, 111
	 evidence of learning, 7, 173-174

	 formative, 111-112
	 front-end, 111, 129
	 NSF framework, 109-111, 112, 115
	 reviewing data with outside experts, 33
	 summative, 111, 112, 124-125, 126, 131
Everyday science learning
	 backyard research, 21, 22-24, 25, 32
	 choosing to participate, 2, 3-4
	 examples, 28
	 range of experiences, 2, 3
	 signs of competence and learning, 3, 8, 173-174
Evolution traveling exhibit, 182-183
Exhibit Files, 159
Explora!, 57
Exploratorium in Second Life (exhibit), 164
Exploratorium of San Francisco, 43-48, 51, 62, 63, 68, 

69-72, 79, 87, 107, 112, 129, 137, 164, 188, 189, 
190

Extended learning opportunities. See also Field trips; 
Formal science learning

	 adult pursuit of, 149
	 assessment of, 165, 180-181
	 design strategies, 40, 162
	 field trips, 167-170
	 generally, 4, 7
	 internship model, 174-175
	 learning progressions, 182-184
	 lending/sharing resources, 162
	 linking formal and informal settings, 166-179
	 media platforms, 162-166, 185
	 motivation for, 87-88
	 out-of-school-time programs, 176-179
	 professional development, 180-182
	 scientific facility partnerships with schools, 170-174
	 things to try, 184-185
	 traveling exhibits, 4, 182-183

F
Falk, John, 95, 96, 100, 167
Family settings. See also Parent-child interactions
	 conversations that promote learning, 1, 64-65, 166
	 learning in, 38, 77, 78, 140-141
Family values, reinforcing, 95
Field trips
	 advance preparation, 167
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	 hands-on activities, 167-168
	 internship model, 174-175
	 LabVenture model, 170-174
	 reinforcement afterwards, 169-170
	 teacher/chaperone involvement, 168-169
	 value of, 167-170
Films and videos
	 IMAX movies, 27, 56, 81-82, 87, 107, 161
	 provoking discussion with, 8, 9-11, 12
Finding Nemo (film), 161
Fink, Laurie, 45, 47, 48
Flagg, Barbara, 82
Flickr, 164
Follow-up learning opportunities. See Extended learning 

opportunities
Formal science learning
	 field trips, 167-170
	 instruction tie and quality, 1
	 learning progressions, 182-184
	 linking informal learning opportunities, 166-175, 

188-190
	 reform initiatives, 181-182
	 scientific facility partnerships, 170-174
	 teacher professional development, 180-182
Frogs (exhibit), 63-64, 69-72, 107
Fusco, Dana, 89, 90, 91, 92, 93

G
Gardening and garden clubs, 30-31, 53, 89-91
Garibay, Cecilia, 121, 129
Garibay Group, 121, 126
Gleason, Mary, 73-74
Global warming, 9-11, 67
Glowing Worms (exhibit), 43, 87
Goldowsky, Alexander, 42
Griffin, Janette, 168, 169
Grimmer, Karen, 178
Guichard, Jack, 41
Gulf of Maine Research Institute, 170-174

H
Haefner, Margaret, 65
Harvard University, 188, 190

Hein, George, 167
Hidi, Suzanne, 87, 99
Hobbies/hobbyists, 2, 3, 23, 30-31, 78, 95, 96, 97, 104, 

142, 146
Hopa Mountain program, 132, 134, 137
Hot air balloon experiment, 57-59

I
Identity. See Science identity building
Informal Learning and Science in Afterschool: A 

Research and Dissemination Project, 189-190
Informal science learning environments. See also Strands 

of science learning; specific environments 
	 categories, 2
	 characteristics that encourage learning, 2, 5-13,  

16-17
	 cohort considerations, 155-157
	 cumulative process, 161-162, 166
	 examples, 1, 16
	 importance, 1, 32
	 strands framework, 25-33
	 time frame, 4
	 venues, 2-5
Inquiry
	 behaviors, 7, 24, 42, 57, 65, 78
	 curriculum materials, 181, 189
	 developing skills, 173; see also Scientific reasoning
	 processes, 24, 59, 135
	 scientific, 110, 181
	 storytelling devices, 56-60
Institute for Learning Innovation, 7, 95, 96, 115
Interactivity. See also Conversations and discussions; 

Parent-child interactions; Playing to learn
	 benefits for learning, 5, 38, 40, 41, 43
	 challenges, 48-55
	 defined, 40
	 designing learning experiences, 32, 41-55, 56, 83-86
	 “do and see” activities, 42
	 exhibits, 28, 40, 41-42, 43-52, 65, 66, 69-72, 83-86, 

130-131, 167-168, 185
	 and inquiry behaviors, 42
	 interpretive materials and, 40
	 kinds of experiences, 40
	 media opportunities for, 15-16, 38, 40, 56-60, 163
	 optimal degree, 43
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	 roles that support learning, 45, 64, 65-66, 73, 75-76, 
77-79

	 social, 14, 15, 46, 64-65, 66, 77-78, 79, 83, 87, 97, 
122

	 strands of learning, 41-42
	 things to try, 79
Interest and motivation
	 adults, 146-147, 148-149, 151, 153
	 age differences, 140
	 assessment of, 66, 68-72, 79, 107
	 community garden project, 89-93
	 conversation and, 63-64, 86
	 cultivating and sustaining interest, 4, 5, 12, 18, 21, 

25, 26, 49, 54, 87-93, 110, 151, 168
	 cultural considerations, 137-138
	 identity-related, 97-99
	 interactive experiences and, 14, 42. 49, 63-64, 146, 

167-168
	 interest development model, 87-92, 99
	 motivation model, 84-86, 99, 100
	 movies/films and, 81-82
	 museum exhibit design, 42, 47, 52, 64, 84-86, 100
	 role of interest, 82-87
	 and science identity, 81-83, 93-97, 99, 100-101
	 strand 1, 26, 27, 42, 47, 52, 63-64, 82, 92-93, 110, 

146, 151, 179
	 structured activities, 167-168
	 things to try, 100
Internet
	 communities of peers online, 33
	 computer games, 2, 5, 6-7, 8, 12, 18, 106, 107, 109, 

156
	 forums and other resources, 6, 23, 54, 163, 164
	 learning activities, 2, 4, 33, 162, 183-184, 185
	 personalized student websites, 172
	 Web resources, 18, 34, 62, 79, 80, 101, 115, 137, 

159, 164, 186
	 website design, 153
ISEN-ASTC-L, 33

J
Jacobs, Melanie, 74, 75
Jipson, Jennifer, 73

K
Kings College London, 188, 189
Koran, John, 42, 168
Kubota, Carole, 167

L
LaBar, Wayne, 165
LabVenture! (program), 170-174, 179, 186
Lake Washington Watershed Internship Program, 174-

175, 179
LASER (Leadership and Assistance for Science Education 

Reform), 181-182, 186
Latino Audience Development Initiative, 123, 129
Lawrence Hall of Science, 190
Learning. See Assessment of learning outcomes; 

Cognition and learning; Designing for science 
learning; Everyday science learning; Informal 
science learning environments

Learning and Youth Research and Evaluation Center, 
188, 189, 190

Learning in Informal and Formal Environments (LIFE) 
Center, 188, 189, 190

Lectures, 4, 16, 29, 88, 148, 154, 169
Liberty Science Center, 163
Libraries, 1, 2, 3, 16, 141, 147, 148, 152, 154, 162, 166
Library of Congress, 164
Life Aquatic with Steve Zissou (film), 161
Life-stage perspectives on learning
	 adults, 146-151
	 children and youth, 30, 140-146
	 cohort effects, 155-157
	 designing exhibits for, 46
	 senior citizens, 30-31, 139, 151-155
	 things to try, 157-158
Lishness, Alan, 171
Lyndhurst Public Library, 154
Lyon, Gabrielle, 145

M
Magnitude X (exhibit), 129
Making Models (exhibit), 128, 130-131, 137
Marshall, Charles, 9, 10, 11, 12
Martin, Jenni, 123, 124, 125, 126, 129
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Maryland Science Center, 48
McKhann, Guy, 152
McLean, Kathleen, 40
Meadowlands Environmental Center, 153, 154, 158
Media. See also Films and videos; Internet; Television
	 design strategies, 56-60
	 effectiveness and limitations, 15-16
	 interactivity, 40, 56-60, 71-72, 163
	 platforms for extended learning experiences, 15-16, 

162-166, 185
Mentoring and mentors, 2, 4, 64, 65-66, 78, 88
Mercer Slough Environmental Education Center, 175
Metacognition, 14, 38-39, 55, 60, 71
Miami Museum of Science and Planetarium, 182
Michigan State University, 121
Miistakis Institute for the Rockies, 150
Miller, Diane, 53, 54, 55, 78
Miller, Joshua, 144
The Mind (exhibit), 49-52, 66, 112
Minnesota Zoo, 6
Montana State University, 119
Monterey Bay Aquarium, 82, 96, 101, 178
Monterey Bay National Marine Sanctuary, 177-179
Motivation. See Interest and motivation
Multicultural Education for Resource Issues Threatening 

Oceans (program), 177-179, 186
Museum of Comparative Zoology, 9
Museum of Science, Boston, 128, 130-131, 137
Museums and exploratoriums. See also individual 

institutions and exhibits
	 access issues, 120, 121, 122-127, 152
	 Active Prolonged Engagement exhibits, 15, 48-49, 50
	 adult experiences, 147, 148, 152
	 assessment of learning in, 66, 68, 71-72, 103-104, 

107, 112
	 connected learning experiences, 4, 162
	 cultural and political influences on science, 67
	 cultural considerations, 120, 121, 122-127, 135
	 designing exhibits, 14, 15, 40, 52, 64, 83-87, 99, 112, 

122-131, 152, 162, 182-183
	 diversity of staff, 121, 126
	 films, 81-82
	 generally, 1, 3, 16, 29, 88, 139, 140, 141, 166
	 interactive exhibits, 40, 41-52, 65, 66, 130-131, 164, 

167-168, 185
	 interpretive materials, 40, 122, 129, 131

	 lending kits and educational resources, 162
	 media platforms for extended learning experiences, 

71-72, 162, 163, 164, 165-166, 185
	 online activities, 4, 33, 44-46, 162, 183-184, 185
	 parent-child interactions in, 73-76, 78, 95, 147
	 perceptions of, 123
	 professional development for teachers, 180, 184
	 programs, 4, 52-55, 148
	 science clubs, 2
	 science identity building, 95, 96-97
	 sharing activities among museums, 48
	 social interaction, 52, 65, 66, 122
	 skeleton exhibit experience, 41-42
	 structured activities in field trips, 167-168
	 Teenage Designers of Learning Spaces program, 52-55
	 traveling exhibits, 4, 182-183
	 visitor conversations studied in, 66, 68, 71-72, 107
Museums and the Web conference, 164
MythBusters, 29

N
Naïve understanding, 14
National marine sanctuaries, 186
National Oceanic and Atmospheric Administration, 177
National Science Foundation, 109-111, 112, 115, 163, 

188-189
Native American culture, 119-120, 132-136
Native Science Field Centers (program), 132-135
Native Waters (exhibit), 119-120
Nature centers, 1, 7, 28, 40, 174
New York Hall of Science, 37, 182
North Carolina Museum of Life and Science, 131, 164
North Museum, 182
NOVA scienceNOW program, 9, 11

O
Oglala Lakota College, 132
Olstad, Roger, 167
Ontario Science Center, 67
Out-of-school-time programs
	 assessment of, 114, 135, 179, 189-190
	 continuity with other venues, 139, 166
	 coordination with formal curriculum, 176-179
	 cultural elements, 132-135
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	 evolution of, 143
	 examples, 89-91, 132-135, 175, 177-179
	 extended-day programming, 176
	 generally, 1, 4, 16
	 important elements, 66, 157
	 participant characteristics, 143
	 partnership opportunities, 176-179
	 roles that support learning, 66, 77
	 and science identity, 142
	 self-contained, 176
	 strands framework, 146
	 sustaining interest in, 88

P
Pacific Science Center, 175, 181-182, 186
Pajaro Valley Unified School District, 178-179
Parent-child interactions. See also Family settings
	 explanatory conversations, 73-76
	 reinforcement of learning, 3
	 resources to support, 74
	 undermining engagement, 74
Pedretti, Erminia, 67
Peer networks, 136
Perry, Deborah, 83, 84, 99, 100, 101
Pine Ridge Reservation, 132
Pittsburgh Children’s Museum, 74, 75-76
Pittsburgh Science of Learning Center, 80
Planetariums, 2, 3, 15, 26, 56, 182
Playing to learn
	 computer games, 2, 5, 6-7, 8, 12, 16, 18, 106, 107, 

109, 156
	 cultural issues, 123
Price, Sabra, 167-168
Prior knowledge and interest, building on, 5, 12, 13, 

14-15, 17, 38-39, 42, 60, 65, 71, 73, 82-83, 127, 
140, 162, 167

Program in Education, Afterschool & Resiliency, 190
Programs. See also Out-of-school-time programs; specific 

programs
	 assessments, 4
	 choosing to participate, 4
	 cultural and diversity aspects, 4, 52, 143-146
	 design, 4, 52-55, 152-153, 154
	 examples, 2, 4, 143-146, 150
	 facilitators, 4, 148-149

	 number and type for adults, 148
	 strands framework, 146, 151
	 time frame, 4
Project Exploration (program), 143, 145, 146, 159
Project FeederWatch (program), 21, 22-24, 25, 32
Project SEE (program), 153, 154, 158, 159

R
Ramapo College of New Jersey, 153, 158
Randi Korn & Associates, 46
Randol, Scott, 42
Reading, 2, 3, 7, 40, 54, 88, 94, 98, 140, 141, 162, 165
Reasoning. See Scientific reasoning
Reflection on science
	 conversation and, 71
	 designing science experiences for, 13-14, 29, 38-39, 

47
	 strand 4, 27, 29, 38-39, 47, 55, 60, 71, 146
Reginald Clark and Associates, 190
Reich, Christine, 130-131
Reiser, Robert, 65
Renninger, Ann, 87, 99
Restoring Environments and Landscapes (REAL), 89-91, 

92
RMC Research Corporation, 58, 162
Road Watch in the Pass (program), 150, 151, 159

S
Sachatello-Sawyer, Bonnie, 134, 148, 149
Salthouse, Timothy, 152
Schaller, David, 6-7, 12
Schauble, Leona, 73-74, 162
Schaufele, Rob, 150
School science instruction. See Formal science learning
Schroeder, Melanie, 144
Schwartzman, Gabe, 98-99
Science. See also Culture of science
	 cultural and political influences, 67
	 social and cultural aspects, 19-25
Science Cafés, 1, 8, 9-11, 12, 18, 29, 67
Science centers, 2, 3, 28, 40. See also Nature centers; 

specific centers
Science identity building
	 adults, 30-31
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	 children and youth, 30-31, 173, 178
	 conceptions of, 94
	 and deeper engagement with science, 30, 97-99
	 design of learning experiences, 47, 48, 81-82, 95, 96-

97
	 family values, 94-95
	 interest development and, 93-97
	 as interest driver, 95-97
	 strand 6, 27, 30-31, 47, 48
	 things to try, 100-101
Science learning. See Informal science learning 

environments
Science Museum of Minnesota, 43, 44-46, 62, 81, 131
Science North, 162
Science Now, Science Everywhere (program), 163
Science of Dragon Boats (exhibit), 129
Scientific practices. See also Culture of science
	 backyard research, 15-16, 21, 22-24, 25, 32
	 Cell Lab experience, 43-48, 52, 66, 107, 109
	 data collection and documentation, 22, 58, 110, 134, 

150, 179
interactions with people, 64
	 LabVenture! program, 170-174, 179, 186
	 NSF evaluation framework, 110
Scientific reasoning
	 conversation and, 66, 74
	 designing activities for, 42, 47, 87
	 examples, 28, 92-93
	 interactive experiences, 41, 42, 66, 74
	 naïve, 182
	 NSF evaluation framework, 109
	 opportunities for, 28, 47
	 process, 28-29, 47, 146
	 short-term vs. long-term experiences, 42
	 strand 3, 27, 28-29, 42, 47, 87, 92, 110, 146, 151, 

173
Scientists
	 cultural values, 15, 20-21
	 mentoring role, 65-66
	 stereotypes, 19
Search for Life (exhibit), 37
Secaucus Senior Center, 154
Secrets of Circles (exhibit), 124-126
Senior citizens
	 cognition and learning, 152-153
	 with disabilities, 129, 130-131, 152

	 effective strategies, 155
	 planning programs for, 151-154
	 science identity building, 30-31
Serrell, Beverly, 88
Service at Salado (program), 66
Sesame Street, 65
Sierra Club, 10
60 Minutes, 162
Skeleton exhibit, 41-42
Smithsonian Institution, 164
Social interactions. See also Conversations and 

discussions; Parent-child interactions
	 in citizen science, 65-66
	 and cognition and learning, 14, 15, 17, 46, 66, 78-79, 

83, 87, 93, 97, 122
	 cultural variation in beliefs, values and norms, 122
	 in museum exhibits, 52, 65, 66, 122
	 in science, 15, 19-20, 30, 32
Spickelmier, Grant, 6, 7, 12
SRI International, 188
St. Louis Center for Inquiry in Science Teaching and 

Learning, 189, 190
St. Louis Science Center, 48, 52, 53-54, 62, 78, 93, 109
Storytelling, 56-60, 119
Strands of science learning
	 in assessments, 108-110, 179
	 designing learning experiences, 31-32, 41-42, 47-48, 

87
	 framework, 26-31
	 interconnectedness, 26, 92-93
	 NSF evaluation framework compared, 109-110
	 strand 1, see Interest and motivation
	 strand 2, see Understanding content and knowledge
	 strand 3, see Scientific reasoning
	 strand 4, see Reflecting on science
	 strand 5, see Culture of science
	 strand 6, see Science identity building
	 things to try, 32-33
Summer programs, 4, 53, 104, 127, 131, 133
Symington, David, 168

T
Teachers and teaching
	 field trip involvement, 167, 168-170
	 in informal settings, 148-149
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	 professional development in informal settings, 180-
182

	 time available and quality of, 55
Tech Museum (San Jose, CA), 81-82
Teenage Designers of Learning Spaces, 53-55, 109
Television
	 conversational interaction during shows, 65, 77, 78
	 educational shows, 2, 3, 7, 15, 16, 56, 57-59, 75, 

141, 146, 161, 162, 163, 164, 165, 183
	 effect on learning, 166
entertainment shows as learning venues, 29
	 extended learning experiences, 56, 57-59, 161, 164, 

165, 183
	 interactivity, 40, 56, 57-59, 65
Thirsty Scholar Pub, 8, 9-11
Thogersen, Erik, 50, 51, 52, 66, 112
21st Century Learning Centers, 143
Twin Cities Public Television, 56

U
Understanding content and knowledge
	 design of learning experiences and, 29, 41-42, 47, 52, 

86
	 examples, 27, 41-42
	 naïve understanding, 14, 38
	 persistence of, 42
	 prior knowledge and, 39-40
	 strand 2, 7, 26-27, 41, 47, 52, 87, 110, 146, 179
United Senior Center Hackensack, 154
University of British Columbia, 180
University of California at Santa Cruz, 188, 189
University of Michigan, 182

V
Vacations, learning-oriented, 4, 161
Vancouver Aquarium Marine Science Centre, 180-181
Videos. See Films and videos
Vietnamese Audience Development Initiative, 123-126
Vietnamese culture, 122, 123-127, 129
Visitor Studies Association, 115
Volunteering, 2, 3, 4, 6, 31, 44, 45, 65-66, 91, 97, 133, 

175

W
Wartella, Ellen, 65
WGBH public television outreach, 8, 9, 10
Wiehe, Ben, 9-11, 12
Wind River Reservation, 132
WolfQuest (game), 5, 6-7, 8, 12, 18, 106, 107, 109, 156

Y
Yellowstone National Park, 6, 144-146
Yelp, 164

Z
Zoetrope exhibit, 73
Zoos and aquariums
	 after-school programs, 178
	 assessment of learning experiences, 180-181
	 diversity initiatives, 127
	 extended learning opportunities, 161, 183
	 generally, 2, 3
	 interactive components, 42
	 membership, 82
	 motivation for visiting, 82, 83, 93, 96-97
	 teacher training opportunities, 180
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