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Executive Summary

Introduction

Academic researchers have traditionally seen the community of
scholars as their primary audience and scholarly journals and con-
ferences as their main mode of mass communication. The general
public, however, can also be an important audience for scientists,
and science museums are one type of institution where science
communication takes place. Over time, science museums have
transformed themselves from elite institutions focused on passive
learning to engaging, community-driven organizations. According-
ly, they have developed best practices for effectively communicating
complex concepts to nontechnical audiences. Their practices may
offer lessons for those involved in communicating findings from
other fields of study.

As part of the AcademyHealth Translation and Dissemination Insti-
tute’s Lessons Project,' this paper highlights both established tech-
niques and cutting-edge technologies used by museums to engage
their audiences in learning experiences focused on current science.
The paper also considers the application of the same techniques and
technologies to the field of health services and policy research.

Key Findings

Museum curators have leveraged several approaches to engage their
audiences in current science. These approaches offer lessons for sci-
ence communication as related to individualized, social, authentic,
and participatory experiences.

Personal and Relevant. The exhibit Expedition Health from the
Denver Museum of Nature and Science demonstrates the impor-
tance of personalizing the learning experience for the target audi-
ence while establishing a safe and nonjudgmental environment. Vis-
itors to the exhibit complete various health-related activities such as
exploring their EKG, their wingspan versus height, and their pupil
dilatation, all with the help of a visitor-selected avatar based on a
real person who provides peer-to-peer learning throughout the
experience. The inclusion of a nonthreatening peer in digital form
and an emphasis on exploration of the changes in the human body
rather than on clinical measurements allows relevant and personal
topics to be addressed in a trusting and open environment.

Culture, Science and Society. The exhibit RACE: Are We So Differ-
ent? reveals the important role played by museums in facilitating
discussions of changing scientific understanding of topics ranging
from biology to emerging technology. The exhibit, a partnership be-
tween the American Anthropological Society and the Science Mu-
seum of Minnesota, explores how the concept of human variation
differs from race, when and why the idea of race was invented, and
how race and racism affect everyday life. The exhibit discusses the
role of science in the construction of the idea of race. Several of the

Image courtesy of Denver Museum of Nature and Science.

exhibit’s components challenge visitors beliefs about distinguishing
people by race. The experience also pushes the boundaries of how
museums engage with communities by leading facilitated discus-
sions that encourage all participants to reflect on their experiences
with race as a factor in their lives and communities. The exhibit
illustrates the powerful impact that results when science is not pre-
sented in isolation but rather embedded within historical, societal,
and personal narratives, allowing individuals to identify with the
exhibit experience. By broaching the difficult concept of science’s
role in defining race, the museum becomes a neutral setting for the

exploration of difficult topics.

Social and Group Activities. Museums can leverage the social
nature of their institutions to encourage collaborative and learning

in context.

o The Future Energy exhibit at the Museum of Science in Chi-
cago illustrates approaches that help make a group learning
experience successful through team building, collaboration,
competition, and facilitation. The experience, which focuses on
exploring basic energy principles, is divided into three sections:
a preliminary exploration, an emotive film, and a series of inter-
active games played in small teams. Throughout the experience,
facilitators guide visitors, monitor the energy of the participants,
and help with interpretation.” The design team’s thoughtfulness
about aesthetics, the creation of team spirit, and the flow of

interaction contributes to the exhibit’s success.

o The Science Café is a model adopted by many museums to
engage adult visitors in discussions with scientists about current
research in casual settings. The informal discussions, organized
by universities, museums, and professional scientific societ-
ies, bring together a wide range of participants and encourage
“dynamic, two-way interactions between the scientist and the
regular public”® The relaxed environment makes the scientific
concepts accessible and encourages the public to learn about
current research while allowing scientists to gain outside per-

spective on their work.
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video projectors to display animated data onto a six-foot-diameter
sphere. SOS may be used as an educational tool to illustrate com-
plex processes and changes such as atmosphere storms, climate
change, and ocean temperature. Each site hosting an SOS system
may compose its own “playlist” of data sets and simulations and en-
hance the experience with a facilitated presentation. Evaluations of
the SOS system show that the visual experience supports a deeper
understanding and more realistic portrayal of complex concepts.”

Future Energy visitors work in teams while aided by able facilitators. Image courtesy of JB Spector
and the Museum of Science and Industry.

Dialogue and Decision-Making. Museums can facilitate experi-
ences that guide visitors through a series of choices and help them
consider biases or values important to them before making deci-
sions on science-based topics.

o The Forums and Provocative Questions exhibition staged by the
Museum of Science in Boston creates opportunities for dialogue

and discussion of current science topics among visitors. The

Often supplemented with facilitation, Science On a Sphere systems help public audiences
Forums are a series of facilitated discussions about questions visualize large earth systems. Image courtesy of the Space Foundation Discovery Center &
Northrop Grumman Science Center

that do not lend themselves to answers based solely on scientific

evidence but that are also informed by personal experience and

. . Lo s . Participation in research and direct interaction with practicin;
social values. Provocative Questions is an unfacilitated experi- P P 8

. o researcher scientists. The experience of science museums also sug-
ence that encourages visitors to engage in dialogue around

socio-scientific issues related to health and human biology gests best practices for facilitating constructivist learning experi-

ences—situations in which individuals create their own under-

+ The Marian Koshland Science Museum’s Earth Lab uses an standing of the world by integrating new and existing knowledge.
unfacilitated digital experience to support decision-making In the following examples, audiences interact with scientists and are
around the causes and impacts of global climate change. Visitors  in engaged in hands-on, participatory activities related to current
make a series of decisions aimed at reducing U.S. greenhouse science issues.

gas emissions as they consider their own values related to the

importance of topics such as energy costs, oil independence, and ~ * The Portal to the Public (PoP) approach brings active research-

ers and other science professionals into museums to interact

air quality.

directly with visitors on their current research. As part of the
Both examples balance scientific evidence with social elements and model developed and tested by the Pacific Science Center in
provide opportunities for visitors to make personal choices. The partnership with other museums, researchers undergo science
recognition that science is an integral but not an independent part of communication training and interpretation workshops ground-
the decision-making process is critical to the success of the activities. ed in inquiry-based learning and led by museum educators. Re-

searchers may then participate in face-to-face programs hosted
Visualizations. The Science On a Sphere® (SOS) system demon- by the museum, interacting with and engaging visitors in a vari-
strates the power of visualization techniques as a way to support ety of hands-on activities related to their research. Evaluation of
understanding of complex processes and phenomena. SOS is a the PoP approach has shown that audiences value the hands-on
room-sized visualization system developed by the National Ocean experiences, insights into the work of community scientists, and
and Atmosphere Administration (NOAA) that uses computers and the ability of the scientists to communicate with the public.
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o The Public Participation in Scientific Research model (PPSR) di-
rectly involves the public in the scientific investigation process,
helping audiences both learn science content and experience the
process of research through contributory, collaborative, or co-
created projects. An analysis of PPSR models by Bonney et al.
showed that involvement in a PPSR project helps participating
individuals increase their awareness and knowledge of scientific

concepts.®

Discussion

The examples presented in this paper illustrate the range of ap-
proaches taken by museums to communicate current science to
general audiences. Despite the wide variety of settings and activi-
ties, similarities across the examples suggest five important lessons
for science communication, including the communication of health
services research findings:

Create an environment of trust. It is important to establish a trust-
ing and open environment in order to help audiences understand
and discuss uncertain or sensitive topics. Exhibits such as the
RACE: Are We So Different? and Expedition Health demonstrate
the value in creating a safe and nonjudgmental space for visitors to
interact and engage in discussion about scientific topics.

Use trained facilitators. Many of the examples require thoughtful
facilitation by museum staft or other science communicators in
order to create and maintain an atmosphere conducive to learn-
ing. The Future Energy exhibit relies on a skilled facilitator to lead
groups through the experience while Expedition Health uses a
virtual guide to accompany visitors through the exhibit activities.

Ensure that information is relevant to the audience. Strong
front-end audience research was one of the commonalities across
the examples. It is also possible to establish relevance by bringing
human stories or opportunities for personal reflection into the ex-
perience as in the RACE: Are We So different? exhibit and Forums

experience.

Encourage dialogue. The examples demonstrate the value of en-
gaging audiences in discussions about scientific topics as a means
of facilitating learning experiences. Science Cafés, Portal to the
Public, and Forums use different approaches to engaging visitors in
conversation about scientific information. At the same time, these
programs treat all perspectives as equal and provide opportunities
for deliberation, using the trusted space and skilled communicators
to good advantage.

Leverage partnerships. Finally, another commonality in many of
the examples is the strategic use of partnerships. Leveraging the
strengths of several institutions or individuals is often evident in
successful examples such as RACE: Are We So Different?, Portal to

the Public, and Science Cafés.

The examples in this paper illustrate how museums are exploring
a growing number of approaches for presenting current science to
audiences—from personalized digital experiences and advanced
visual techniques to informal discussions and one-on-one interac-
tion with scientists. The overarching lessons gleaned from these
experiences offer useful tools for health services researchers and

others interested in science communication.
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Introduction

The transformation of science museums from elitist and insular
cabinets of curiosity to more modern, community-driven places for
hands-on learning holds many lessons for science communication.
In this paper, we explore the best practices developed by museums
to date to communicate information, ideas, and issues related to
current science research. We have illustrated these approaches
through a series of case studies from a wide variety of institutions.
The experiences range from facilitated large-group discussions to
open-ended exhibition explorations, but they all work at the inter-

section of science and society.

Science museums are unique physical spaces that bring together
collections of historic objects or experiences. The earliest museums
grew out of private cabinets of curiosity. At the time, opening the
passive spectacle of natural history collections to the public was
considered revolutionary. The educational approach embodied by
the earliest science museums was based on the traditional unidi-
rectional public understanding of science. The institutions often
treated the visitor as a tabula rasa, a blank slate, which the curator
could fill with the knowledge that he or she considered most worthy

of public dissemination.

With their experiential approach to hands-on learning, science
centers emerged in the 1960s in furtherance of Robert Oppen-
heimer’s vision at the Exploratorium in San Francisco. In following
the Exploratorium’s model, the vast amount of science presented in
contemporary science museums still tends to be organized around
hands-on interactivity and active learning of basic scientific and
technological principles. Today, the Association of Science and
Technology Centers represents nearly 600 members across the
country.” Contemporary science museum experiences are purpose-
fully multimodal in order to appeal to intergenerational settings

and to encourage social learning.®

How People Learn in Informal Settings

The National Research Council defines learning as “a progression
with lifelong, life-wide and life-deep connections”’ Life-long learn-
ing refers to the acquisition of competencies and attitudes by using
information over the life course while life-wide learning refers to
learning that is acquired as people move across a range of social
settings and activities. Life-deep learning takes into account the
range of belief ideologies and practices that influence individuals.*
Abundant evidence indicates that people learn science outside the
formal education system, through, for example, everyday experi-
ences, programs, and designed settings such as science museums,

zoos and aquaria, and nature centers.'"'?

Though designed for learning opportunities, science museums are
free-choice learning environments." According to Falk, free-choice
learning is “learning that occurs when the individual has control
over what is learned, where it is learned and with whom learn-

ing occurs”” Rather than depending on a prescribed curriculum,
free-choice learning relies on the learner’s agenda to determine

the degree of learning. Accordingly, “free-choice learning can oc-
cur anywhere: art museum, zoo, science center, television and the
Internet.” Therefore, individuals enter free-choice settings such as
science museums with their own sets of experiences, interests, cu-
riosities, motivations, misconceptions, and understandings as well
as with their own agenda such that they determine their level of en-
gagement with exhibitions and displays. Each visitor constructs his
or her own pattern of engagement and comes away with a uniquely
personal experience. Each individual’s motivation is intimately
bound up with the individual’s desire for satisfaction, identity, and
well-being in the chosen place at any moment. People also visit sci-
ence centers in various social group conformations and often seek
experiences that are multigenerational and appeal to a wide swath
of their group’ interests.

Evaluations of the museum experience have shown that people have
greater motivation to learn if the subject matter is directly relevant
to their lives and interests and/or the learning process is interac-
tive—one in which the learner can directly affect the learning pro-
cess, content, and/or outcomes of the experience. Many museum
exhibitions therefore tend to be materials-rich, inquiry-based, and
open-ended—without a pre-determined correct answer. Given
their unfacilitated nature, museum experiences need to be intuitive
without reams of instruction. More and more, museum experiences
strive to be social experiences, engaging two or more individuals in
the group.'* In addition, as mentioned in the paper in this series by
Matthew Nisbet, framing the information to make it relevant to the
target audience is important in order to increase the motivation to
learn.”®

Informal science education settings can provide learners with much
more than an opportunity to increase their knowledge of a subject.
The landmark study by Bell and colleagues, “Learning Science in
Informal Environments: People, Places, and Pursuits’,'® proposed
a “strands of science learning” framework that articulates science-
specific capabilities supported by informal environments. The six
interrelated aspects of science learning embodied by the strands
describe how participants learn cognitively, socially, developmen-
tally, and emotionally. In strand 1, learners in informal environ-
ments experience excitement, interest, and motivation to learn
about phenomena in the natural and physical world. In strand 2,
they generate, understand, remember, and use concepts, explana-
tions, arguments, models, and facts related to science. In strand 3,
participants manipulate, test, explore, predict, question, observe,
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and make sense of the natural and physical world. In strand 4, they
reflect on science as a way of knowing; on processes, concepts, and
institutions of science; and on their own process of learning about
phenomena. In strand 5, they participate in scientific activities and
learning practices with others, using scientific language and tools.
Finally, in strand 6, they think about themselves as science learners
and develop an identity as someone who knows about, uses, and
sometimes contributes to science. The six strands deal not only with
increasing knowledge and its application but also with attitude,
efficacy, and self-identity. Museum experiences often focus on out-
comes that go beyond the six strands.

As free-choice learning institutions, museums place a premium on
strand 1, which can provide motivation for audience participation.
The hands-on nature of many of the experiences in today’s science
centers often provides an opportunity for visitors to use strand 3.
Given that most museums account for a significant visitorship from
school groups, strand 2 often proves critical because it aligns closely
with the focus of many content standards. The final three strands,
while not as common in a typical exhibition experience, find ap-
plication by science museums in some contexts. In any event, the
six strands are not mutually exclusive, and a single experience may
touch on several strands. For Bell et al., the strands provide a unify-
ing resource from which to develop tools for practice and research,
potentially playing a central role in refining assessments currently

used to evaluate informal environments.

How Are Museum Experiences Studied?

There are limitations to what can be studied in a museum setting due to the fact
it is a typically singular experience within a free-choice learning environment.

In anecdotal interviews about museums, people often cite learning moments

or emotionally moving moments that they enjoyed during their museum visits.
However, given that museum visits are often short-term experiences, confounding
factors make it difficult to track the long-term impact of patrons’ visits. In addition,
it is not possible to conduct randomized, controlled trials with museum visitors
because the environment is a free-choice learning space. Nonetheless, museums
are rigorous about setting outcomes or goals for their experiences and conducting
evaluations at different stages of exhibition development and production.

Evaluation can provide insight into the conception of an experience, improve
development of a new exhibition, and assess an exhibition’s impact. Before
launching a new exhibition, most museums develop a logic model that defines
resources, target audiences, and short- and long-term outcomes. Museums conduct
evaluations before (front-end), during (formative), and after the launch of a new
product (remedial) and then again as the target audience experiences the product
(summative). While front-end, formative, and remedial evaluations are essential

for ensuring visitors’ highest-quality experience, summative evaluation offers an
opportunity to assess the degree to which the experience meets target outcomes.'”
Unlike science communication research, which is designed to explore a hypothesis,
evaluation focuses on assessing product effectiveness. As such, it is particularly
difficult to draw broad conclusions from the results of an evaluation. In addition,
most evaluation results are not published in the peer-reviewed literature, although
several websites, including informalscience.org and informalcommons.org, publish
evaluations of selected projects.

Some of the case studies presented in this paper are new, and not all of them have
undertaken a complete summative evaluation. In those cases, we focus on the
design process.

Challenges and Opportunities for Museum
Presentations of Contemporary Science
Traditionally, most science museums focused on communicating
established science where the information consists of the results of
completed studies whose implications for society are clear. In the
late 1990s, Hyman Field, director of the National Science Foun-
dation’s Informal Science Education program, started the Public
Understanding of Research (PUR) initiative. In Field’s vision,

PUR would focus on public education about current research; the
social, ethical, and policy implications of new findings; and the
importance of continued support for basic and applied research.'®
For Field, PUR provided an opportunity to present cutting-edge
research while helping public audiences understand the process

of scientific research. PUR set out to demonstrate that “research
involves observations and trials, controls and correlations, repeti-
tions and revisions, [and] would help individuals evaluate scientific

claims and conclusions encountered in the course of daily life”*

For Field and other colleagues, the importance of educating the
public about current science research was clear. They believed that
public audiences were genuinely interested in science and technol-
ogy yet had low levels of comfort with and knowledge of science
topics ranging from emerging technologies, such as nanotechnol-
ogy, to global processes such as climate change. In addition, it was
obvious that the more emotionally charged the issue, the greater
would be the need for an unbiased source of information. More
than two decades ago, Field made the argument that the field

of informal science education was uniquely poised to reach the
public at all levels. He was convinced that those who most needed
the information, i.e., those who make or will make decisions for
themselves and their families, require access to accurate, up-to-date,
unbiased, and substantive information on issues that occupy the
public domain. And, given that every museum has a deeply rooted
and unique connection to its community, the American Alliance of
Museums (AAM) issued a call to action and asked how museum
professionals can redefine the relationship between museum and
community and allow communities to own museums. AAM posits
that museums should function as resources and facilitators of dia-
logues that matter most to people. The following recommendation
made by the National Research Council strengthens the position of
the AAM: “Industry and federal agencies responsible for carrying
out infrastructure projects, and science and technology museums
should provide more opportunities for the non-technical public to
become involved in decisions about technological developments”
The Technology for All Americans Project* and American Associa-

tion for the Advancement of Science arrived at similar conclusions.

Even though the argument for presenting current science in sci-
ence museums has taken hold in the community, the presentation
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of current topics involves inherent challenges. Durant articulated
these challenges by contrasting the difference between presenting
“finished” and “unfinished” science.?”? While traditional museum
exhibitions are in development for years with a significant budget,
an exhibition on current science requires rapid development at a
low cost or must at least embody features that lend themselves to
rapid updates at a low cost. In addition, unlike the case of conven-
tional museum exhibitions that present a complete, unchanging,
and clearly significant story, museum exhibitions on current science
- must devise an approach for tracking and telling a story that may
be complicated by partiality, doubt, and controversy. Over the past
decade, museums have used the inherent qualities of current sci-
ence to engage the public by assuming a journalistic approach, pull-
ing the public into the research process, presenting various points
of view, and demonstrating openness about information sources.

Since museums’ first forays into presenting current science in the
early 2000s, the institutions have expanded their modes of interac-
tion with their audiences. The following case studies are intended
not to highlight the content in science museums but rather to
feature the approaches taken by museums to present current, often
complex topics.

Lessons Learned about Communicating Current
Science

Communication of current science does not abandon all the suc-
cessful practices of decades past but instead takes into account the
particular challenges of current science. The case studies demon-
strate that museum exhibition and program developers have lever-
aged one or more of the following modes to engage their audiences
with current science: individualized experiences, social experiences,
authentic experiences, and participatory experiences. They have
used established techniques as well as cutting-edge technology
within the different modes.

Personal and Relevant

Current science may be presented in many contexts and at many
scales—from global impacts down to the level of the local commu-
nity. The following case study demonstrates how to make science
accessible by ensuring that it is personal and relevant. Such an
approach requires the conduct of robust front-end and formative
evaluation to ensure that the personalization applies to the intended
audience. As the case study illustrates, when dealing with personal
matters, the environment must be safe and nonjudgmental if the
target audience is not to be alienated.

Expedition Health—Denver Museum of Nature and Science,
Denver, Colorado

Expedition Health is the newest iteration of the Denver Museum
of Nature and Science’s gallery focused on human health. The

10,000-square-foot experience is designed to be personal, dynamic,
highly repeatable, appealing to all ages, and applicable to visitors’
daily lives. The exhibition’s learning goals focus on the dynamism
of the human body and bodily changes that we can feel, see, and
experience. Visitors entering the space receive a Peak Pass, which is
a physical credit card with a unique barcode. Visitors then enter on
the card their age, gender, and first name and select a buddy to ac-
company them through the experience. Based on a real person, the
buddy is an avatar that provides peer-to-peer learning. The infor-
mation on the card is referenced as visitors use the card to activate
the displays. Throughout the gallery, the activities are accompanied
by plastinated specimens that illustrate the related anatomy.”

The curators used their knowledge of visitors’ reactions to the
previous gallery to improve the experience in Expedition Health.
The earlier exhibition was highly clinical, causing visitors to avoid
certain activities out of fear of the results. Consequently, Expedi-
tion Health is intentionally nonjudgmental as it presents the marvel
of the human body. For example, the earlier exhibition included

an activity that measured blood pressure; in the new exhibition,

the activity related to the circulatory system focuses on heart rate
before and after exercise—a dynamic measurement that can change
between visits. In addition, visitors may learn about, for example,
wingspan versus height, wind chill, and pupil dilation, but not about
their blood pressure, weight, or other measurements that might
appear judgmental. The exhibition’s approach avoids activities that
either reveal negative information or address sensitive topics.**

The Denver Museum of Nature and Science focuses on dynamic processes such as the role of
sunscreen in protecting skin from UV rays as a way to address personal aspects of health—with-
out judgment. Image courtesy of Denver Museum of Nature and Science.
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Central to the exhibition designers” approach was peer-to-peer
learning. The designers wanted to avoid a dynamic of expert- to-
novice instruction. To that end, the avatar buddies are the peers
whose voices are heard in recordings of a diverse group of people
from the Denver area. The museum selected the avatar buddies

in a talent call and then required them to participate in a physical
and intellectual boot camp that included an overnight hike in the
mountains. During the boot camp, the avatars sat for interviews

at various times; the unscripted interviews make up half of the
exhibition’s narration. For the rest of the script, the avatar buddies
communicate various facts, such as “the heart is a muscle” When
the curators originally conceptualized the avatar buddies, they
expected that museum visitors would select people who shared
their demographics. Instead, they found that certain avatar buddies
were more popular than others. The most popular avatar buddy is
an older man who could be described as grandfatherly. In contrast,
the athletic 20-something avatar buddies are picked less often. It ap-
pears that visitors pick avatar buddies perceived as safe rather than
buddies that might make them feel competitive.

Using several activities, the exhibition presents current science. One
activity aims to raise awareness of the dangers of excessive UV ex-
posure. Visitors enter their eye, hair, and skin color into their Peak
Pass to determine the amount of sun exposure that they can tolerate
before burning. Then, according to the day’s forecast, they see how
long they can remain outdoors in the sun near the museum and

at the top of a nearby mountain. Summative evaluation has shown
that the visitors make connections about the use of sunscreen on
sunny days.”

The curators also conduct research in the museum amid the exhibi-
tion. The museun’s initial experiment focused on the genetics of
taste. Visitors learned that small genetic changes can have a pro-
found phenotypic effect. The museum has completed data collec-
tion for the taste study and is about to launch a study on the impact
of fat perception and satiety. Data collection in museums provides a
visitor sample that is often more diverse in age and race than studies
that pull from the population on university campuses. An institu-
tional review board approves the research protocols, and visitors
must provide informed consent before they participate in a study.*

The curators carefully considered how to handle the personalized
data collected in the exhibition. To maintain a safe and nonjudg-
mental space, the curators ensure that the collected data remain
anonymous and are retained for only a limited period, except in the
case of the research on taste described above. In certain exhibitions,
such as the wingspan and height station, the data from visitors are
used in aggregated form, but not to compare individuals.

Visitors in social groups often travel through the exhibition togeth-
er and share their results. The dynamic nature of most of the exhibi-
tion means that comparisons are less about competition and more
about the marvel of the observed changes in the human body.”
Visitors may access their data on the Web after their museum visit
by using a number associated with a distinct barcode. The museum
holds the data for three months.

In the Denver case study, the curators created a safe space by em-
phasizing peer learning, the careful and appropriate use of personal
information, and excitement about the dynamic changes in the hu-
man body (rather than clinical measurements that might be indica-
tive of health status). The designers also used several related lines
of information to ensure their own understanding of the audience
as well as the exhibition’s relevance to visitors, including summative
evaluation of the previous exhibition and results of the interviews
with avatar “buddies” Personal topics can be sensitive, but trust,

relevance, and openness can lead to successful communication.

Culture, Science, and Society

Science and technology have shaped modern society. Many of
today’s societal discussions are rooted in new scientific understand-
ing and technological advances in topics ranging from biology to

emerging technology.

RACE Exhibit—American Anthropological Society and Science
Museum of Minnesota, St. Paul, Minnesota

RACE: Are We So Different is an exhibition developed in 2007 by
the Science Museum of Minnesota (SMM) in cooperation with the
American Anthropological Association. The exhibition describes
how human variation differs from race, when and why the idea of
race emerged, and how race and racism affect everyday life. The
exhibition conveys three overall messages: race is a recent human
invention; race is about culture, not about biology; and race and
racism are embedded in institutions and everyday life (www.under-
standingrace.org/about/overview.html). Eric Jolly, SMM president,
explains that “it’s a science exhibition that promotes social justice by
challenging visitors to think critically about what race is, as well as

what it is not.”?

The partnership between a prominent science museum and the pre-
eminent social science/history association, combined with an advi-
sory board that brought to bear many fields’ most current thinking,
was critical in establishing the exhibition’s multidimensionality,
accuracy, and relevance, leading to its successful tour to more than
50 sites across the United States (www.smm.org/travelingexhibits/

race).
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The exhibition’s developers used a mix of interactive components,
historical artifacts, iconic objects, photographs, multimedia presen-
tations, and graphic displays to engage audiences with the subject
matter. Building on vignettes with images, text, and video, the exhi-
bition’s history section demonstrates the role played by economics,
popular culture, science, and politics in shaping our notion of race.
Though race is not a biological concept, the exhibition acknowl-
edges race’s social and cultural reality as seen in the section on ev-
eryday lived experience where objects and multimedia experiences
are used to explore housing practices, land ownership and wealth
disparities, inequities in the health care system, and race and racism
in our education systems. To help younger visitors relate to issues
they experience in their daily lives, one video offers a glimpse inside
the world of high school students as they talk about race, identity,
and growing up in contemporary U.S. culture.

» SCIENCE TIMELINE ARTICLES

The image from the RACE exhibit shows how, over the last 150 years, the U.S. census categorized
people according to skin color. Image courtesy of the American Anthropological Association.

It is important to note that the exhibition does not shy away from
science’s complicit role in the construction of the idea of race, with
scientists attempting to classify humans into a taxonomic system
on the basis of presumed biological and other differences. Not
surprisingly, the exhibition uses several long-held misunderstand-
ings about race as an opportunity to challenge perceived connec-
tions between race and biology. For example, the Sickle Cell Story
clarifies that this commonly perceived “black” disease is related to
malaria resistance. At the Science of Skin exhibit, visitors discover
through an interactive demonstration involving use of a microscope
that race is not a feature of our skin as they explore the evolution of
skin color variation. At the Forensics exhibit, CSI fans hear from a
forensic anthropologist about the challenges of using racial identi-
fication in detective work. Other interactive exhibitions challenge
visitors beliefs about distinguishing people by race. The Non-
Concordance Sorting Game invites visitors to sort people accord-
ing to traits that scientists historically used to distinguish one race
from another. When the sorting categories fail, visitors learn about

the inadequacies of outdated theories. A large World Map printed
on the floor provides an interactive centerpiece for a cluster of
components about human migration, gene flow, genetic drift, and
the continuous distribution of human traits across the globe. In one
key experience, Traveling Genes, visitors use a computer simulation
to experiment with the dynamics of gene flow. The nearby Human
Variation Video features scientists discussing what their research
reveals about human variation and how it differs from common

conceptions of race.

The exhibition also pushes the boundaries of how museums engage
with their communities by drawing other voices into the race con-
versation through complementary program outreach. For example,
the Science Museum of Minnesota used Talking Circles, which are
discussions for groups of 20 or fewer participants based on Native
American traditions in which all participants reflect on their expe-
riences in learning about and experiencing race as a factor in their
lives and communities. The facilitated discussions were designed
for use with a range of audiences—business, community, govern-
ment, and schools—and became a valuable, non-confrontational
way to explore and foster diversity. The popularity of the Talking
Circles exceeded expectations.

Many of the cities hosting the travelling exhibition have used it as
an opportunity to engage new community partners and audiences.
The exhibition’s 2013 run at the Pacific Science Center in Seattle, a
partnership with Seattle’s Race and Social Justice Initiative, proved
fruitful and resulted in the training of 200 facilitators who then led
group discussions both before and after visitors made their way
through the exhibition. The exhibition received significant local
press coverage, generating greater awareness and broader atten-
dance than originally expected.

Robert Garfinkle, project director of the RACE exhibit and director
of the Science and Social Change Program at SMM, says, “Each
Science Center’s journey with its community is unique, but there

is much we can learn from each other. SMM'’s experience with the
RACE exhibit convinces us that the public is hungry for museums
to help their communities tackle tough issues.” Garfinkle believes
that “science centers can be safe spaces to talk about social issues”
and that “controversy isn't to be avoided, but instead embraced

as a sign that were on the pulse of issues that communities care
most deeply about” He states that museums “can more fully bring
the promise of science—thoughtful investigation, transparency of
methods, the constant probing for truth—to bear on the issues that
our society needs to address”™

The case study of the RACE exhibit illustrates the powerful impact
that is created when science is not presented by itself but rather
is embedded within historical, societal, and personal narratives.
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The several entry points into science allow individuals to identify
readily with the exhibition experience. In a significant step toward
establishing trust, the RACE exhibit in particular acknowledged
the mistakes made by and resultant repercussions in the name of
science. The exhibition’s engagement strategies succeeded by pre-
senting the full story while positioning the museum as a place that
strives to be a neutral setting for the exploration of difficult topics.

Social and Group Activities

Many of the topics at the intersection of current science and society
require people to work together to address sensitive issues. The
social nature of many museum experiences makes museums an
ideal venue for generating collaboration. Visitors often come to
museum exhibitions or programs with people they know. As they
move through an exhibition, they may separate to explore on their
own and then gather to share their experiences. At the same time,
visitors who do not know one another may not be inclined to com-
pare museum experiences. Yet, expert facilitation based on care-
ful consideration of group dynamics and team building can help
establish or build group cohesion. In addition to creating spaces for
collaboration, museums are taking advantage of “third spaces” such
as bars or festivals, tapping their dynamic social environments. The
following two case studies examine, first, a newly launched exhibi-
tion that requires participants to work collaboratively and com-
petitively and, second, a science café situated in a local pub where
audiences discuss current science topics in a deliberately designed
social setting.

Future Energy—MS]I, Chicago, Illinois

Future Energy, a new experience developed by the Museum of
Science and Industry in Chicago, illustrates some of the approaches
that can make for a successful group experience. Hour-long exer-
cises in team building, collaboration, competition, and facilitation
can accommodate up to 30 people, which is a typical classroom
size. Two staff members use different scripts depending on whether
a group is a school field trip or random members of the general
public.

The experience is divided into three parts: a preliminary explora-
tion, an emotive film, and a series of interactive games played in
small teams. Participants enter the initial space called the Energy
Garden, which features stationary bicycles and hand cranks that
trigger visual effects. The script emphasizes the message that energy
is everywhere and that people can convert their own energy into
different forms of energy. Visitors learn about basic energy prin-
ciples. Teamwork and collaboration are required to activate many
of the effects, which subtly demonstrate that people need to work
together to make things happen. After six to nine minutes in the

Energy Space, participants watch a short film that tells the story of
Earth as the story of energy. In both the Energy Space and film, the
designers purposefully chose aesthetically beautiful visuals in order
to engage the audience and set a positive tone for the experience.
Participants then break into small teams. Museum staff members
try to keep family and social groups together, but strangers must
often collaborate as a group. To help the groups work together, the
facilitator runs an activity that requires participants to introduce
themselves before moving to a game that involves playing with an
energy ball (a small ping pong ball with two metal contact points
on the outside that light up when a completed circuit is made).

The teams then rotate through five games: Future Power, Future
House, Future Car, Future Neighborhood, and Future Transporta-
tion, which combine physical and digital interactive elements. The
goals of the games are to improve energy efficiency and to learn
how energy is generated from a variety of power sources. All teams
have a chance to play all of the games. As with most museum-
based games, the rules of the games are simple, permitting visitors
to focus on content. Before the exhibition opened, it underwent
extensive play testing, and it continues to be tweaked to ensure
ease of use for people with a wide range of technological comfort.
Throughout the experience, the facilitators guide visitors, moni-
tor participants’ energy level in order to ensure that they remain

upbeat, and assist with interpretation.*

Future Energy visitors work in teams while aided by able facilitators. Image courtesy of J.B.
Spector, Museum of Science and Industry.

The design team’s thoughtfulness about aesthetics, team spirit, and
the flow of interaction all contribute to Future Energy’s success.
Groups as diverse as middle school students on field trips and
participants in business retreats have visited the exhibition, which
offers great appeal not only because of its content but also because
of the opportunities for team building.
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Science Cafés

Science museums recognize that, while they are able to attract and
retain family groups, they are less successful in engaging adult visi-
tors, especially repeat visitors. In an effort to attract and retain adult
patrons, some museums have adopted the science café model. Sci-
ence cafés, also known by their original name—café scientifique—
began in the United Kingdom as a grassroots public initiative that
now operates in hundreds of locations in several countries (www.
cafescientifique.org/). As described on the Science Café Website,
“Science Cafés welcome people who may or may not typically get
involved with scientific discussions. They are not exclusive club
meetings for scientists and science majors, nor do they take place
exclusively in lecture halls or science museums. Science Cafés

can (and do) happen in informal community gathering spaces all
over the world. The successful café fosters an informal atmosphere
where all participants feel encouraged to participate. These are not
long lectures with a passive audience listening to an expert. Rather,
they are dynamic, two-way interactions between a scientist and the
public. In this way, the public feels empowered to learn, and the
scientist speaker gains valuable perspective on his or her own work”
(www.sciencecafes.org/).

The success of the science café model lies in the informality of the venue and the lively interaction
between scientists and attendees, fueled by food and beverage. Image courtesy of the Pacific
Science Center.

Organized by universities, museums, professional scientific societ-
ies, or volunteers, science cafés make science accessible. Patrons
enjoy themselves, relax, discuss issues, and enter or leave at will.

Experiences based on social behavior, whether in the context of

a museum-based group activity or a social setting structured for

a joint experience in science learning, purposefully capitalize on
current understanding of human behavior and peer learning in
social settings. Social interaction and collaboration are essential
components of situated learning; that is, learners become involved
in a “community of practice” that embodies certain beliefs and
behaviors.

Dialogue and Decision-Making

Despite the adage “knowledge is power;” the evidence from the
field of science communication and decision research does not
support the premise that providing additional information leads to
informed decision-making. People often use mental shortcuts to
make decisions that, in turn, may be subject to unconscious biases.
To assist people with decision-making related to science-based top-
ics, museums have developed a set of structured experiences that
guide visitors through choices and help them consider their biases
or values before making a decision.

Forums and Provocative Questions Exhibit, Museum of Science,
Boston, Massachusetts

One of the Museum of Science’s approaches to current science top-
ics is to create opportunities for dialogue among citizens. As part of
the Museuns larger Current Science and Technology initiative, staft
members have conducted a series of Forums that bring together
groups of participants for facilitated discussions about questions
that do not lend themselves to answers based solely on scientific ev-
idence but that are simultaneously informed by personal experience
and social values. Such questions are often termed socio-scientific
questions. Some of the museums live facilitated Forum programs
complement an unfacilitated exhibit called Provocative Questions,
which encourages visitors to engage with each other in dialogue
around socio-scientific issues related to health and human biology.*!

The Forums may include up to 100 participants. One or more
scientific experts introduce the topic with brief background talks.
Participants then work in small teams on illustrative case stud-

ies. For example, during a recent Forum on whether mosquitoes
should be genetically modified to help halt the spread of mosquito-
borne illnesses, the teams worked through case studies focusing

on malaria in Mombasa, Kenya; West Nile virus in Colorado; and
dengue in Key West, Florida. In each case, participants considered
the perspectives of different stakeholders. All of the teams then
considered a case relevant to their local area. In the final step, the
teams summarized their deliberations and presented their decisions
about the issues at hand.

Forums bring together a cross-section of the general public to discuss science and societal
issues. The findings from the Forums provide the basis for exhibitions. Image courtesy of the
Boston Museum of Science.
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Museum staff wanted to see if they could incorporate a version

of the Forum dialogue experience into the museums new Hall of
Human Life, a gallery that focuses on how humans are changing in
changing environments. The hall is divided into theme areas that
represent five “environments” that change people: physical forces,
living organisms, food, social communities, and time—all of which
people alter in a variety of ways—sometimes without realizing it.
Provocative Questions (PQ) is a section of the gallery that involves
visitors in discussion and deliberation on how people decide to
make changes in their environments. At any one time, PQ engages
visitors in a single topic of discussion in several ways. The topics
change every six months and, over time, represent questions drawn
from all five environmental theme areas.

The PQ exhibit examines current societal issues that science can
help explore but that also depend on other factors for resolution.
Personal experiences and social values play important roles in

the way we make decisions about provocative questions and how
we talk to others about them. In fact, research on cognition and
decision-making related to highly provocative topics has found that
nonscientific factors often override scientific evidence, frequently
leading to different interpretations of the same evidence. At any
given time, the core of the PQ experience focuses on a specific topic
that first undergoes testing in a live, facilitated Forum program; the
results of the testing help determine the exhibition’s content.

Using the current provocative question as a content focus, the ex-
hibition introduces visitors to three types of decision-making sup-
ports (personal experience, social values, and scientific evidence).
In addition, visitors may analyze a series of video statements to help
them identify the three supports. The central Form Your Opinion
activity takes place in pairs, with visitors guided through consider-
ation of each type of support related to the question at hand. First,
visitors reflect on their experience as related to the question and talk
about that experience with their partner. They then consider expres-
sions of social values that surfaced during the live Forums and that
align with social values identified in social science research related
to decision-making. Next, visitors select from a series of nine short
statements drawn from scientific research articles related to the
topic and choose the one that most influences their view. After each
step, visitors discuss the activity with their partner. Only after the
exercise does the exhibition ask visitors to come up with their own
answers to the provocative question and to share their answer with
each other. Visitors may examine data about how other visitors
responded to the provocative question—who picked the same state-
ments that they did and how they supported their answers.

The Museum of Science’s Forum programs and Provocative Ques-
tions exhibit offer a useful exploration of the use of both facilitated
and non-facilitated group decision-making activities. The focus on

the balance between/among personal experience, social values, and
scientific evidence helps structure the overall experience.

Koshland Science Museum’s Earth Lab, Washington, D.C.

In 2011, the Marian Koshland Science Museum of the National
Academy of Sciences developed an approach to decision support
that was designed to be short and unfacilitated, thereby making it
accessible to a large number of museum visitors. Many structured
decision-making experiences take the form of face-to-face or group
activities that require a facilitator to guide participants through
what can be a complex process while keeping the discussion on
track. Such decision-making experiences can often take hours or
even days or more. At Koshland, both the need for facilitation ser-
vices and the time requirements for decision-making experiences
initially limited museum visitors’ participation in decision-making
activities. To make some of the best practices in decision science ac-
cessible to a wider audience, Koshland has partnered with decision
scientist Joseph Arvai to develop an unfacilitated digital experience
designed to take 15 minutes or less.

The decision table is the centerpiece of Earth Lab, a 1,500-square-
foot exhibition focused on the causes and impacts of global climate
change. When visitors sit down at the table, they learn that they will
participate in an exercise to explore ways to reduce greenhouse gas
emissions in the United States. The first screen asks participants to
weigh selected personal values related to cost, oil independence,
land use, and air quality. Once they are satisfied with their choices,
participants move to the next screen, which presents a target level of
U.S. greenhouse gas emissions in 2050 and a variety of approaches
to reducing emissions. The goal is to achieve the emission target
while not exceeding the emission levels that satisfy participants’ per-
sonal values. Participants may implement approaches such as build-
ing efficiency, nuclear power, or carbon capture to varying degrees.
Each change influences both greenhouse gas emissions and personal
values. For example, nuclear power does not affect air quality, but it
carries a high cost. At any point, visitors may view deeper informa-
tion or a number of preset scenarios. Once visitors are satisfied with
their selection, they may view several models that project the global
rise of greenhouse gases and temperature based on their selections.
They may email their decision to friends or family.

Decision tools may embody a point of view. For example, Earth Lab
is premised on the need to lower man-made greenhouse gases in
order to reduce projected temperature increases, but the lab must
present a range of options in an unbiased fashion. The solutions
presented to participants should be accurate, science-based choices.
In the decision table, each solution is grounded in algorithms that
are always available as background information for use by museum
visitors. Ultimately, the designers did not include some options on
the decision table, such as the value of job creation, because they
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The Decision Table takes visitors through decision-making steps to help them think about their
values and the science behind climate change. Image courtesy of the Marian Koshland Science
Museum of the National Academy of Sciences.

could not construct a factual basis that met the approval of the
committee of scientific experts who reviewed all of the supporting
information for accuracy and completeness.

Initial evaluation of Earth Lab’s decision table indicates that visitors
spend an average of eight minutes with the table, which is a signifi-
cant amount of time for an unfacilitated, free-choice museum ex-
perience. In interviews, participants reported that they understand
that no single bullet will solve the problem of global climate change,
but they recognize the existence of a range of possible solutions.*

Both the Museum of Science and Koshland case studies balance
scientific evidence with social elements and provide opportunities
for visitors to make choices. Critical to the success of the exhibi-
tion activities is the recognition that science, though an integral
component in decision-making, is only one line of evidence in the
decision-making process. In addition, both case studies demon-
strate that the exhibitions do not channel participants toward a
single answer but instead lay out a range of possibilities for consid-
eration.

Visualizations

We are living in the era of big data. Our ability to collect, process,
and analyze data has never been greater. Yet, the availability of reams
of data does not automatically lead to clarity and reasoned decision-
making. Visualizations, however, can help make sense of large data
sets by integrating data into compelling visual stories. Museums
have been using their curatorial expertise that was once limited to
objects to consider a variety of modes for the presentation of less
tangible information such as data. Visualizations offer great poten-
tial to support learning by overcoming some of the basic limitations
of language-based instruction for abstract, metaphor-rich, and
model-based concepts that are common in most of the natural sci-

ences, including geometry and earth systems science. Visualizations
can have a variety of positive impacts on learning by, for example,
reducing the effort required to solve problems, supporting the con-
struction of mental models, and animating dynamic concepts.

CASE STUDY: Science On a Sphere

Science On a Sphere® (SOS) is a room-sized visualization system
that uses computers and video projectors to display animated data
on a six-foot-diameter sphere, analogous to a giant animated globe.
Researchers at the National Oceanic and Atmospheric Administra-
tion (NOAA) developed Science On a Sphere® as an educational
tool to help illustrate earth system science to people of all ages.
Animated images of atmospheric storms, climate change, and ocean
temperatures may be shown on the sphere, which is used to explain
complex environmental processes in a way that is simultaneously
intuitive and captivating. SOS has been installed in more than 100
locations worldwide, mostly in informal learning environments.
More than 400 data sets and simulations developed by NOAA,
NASA, museums, and other organizations have been created
around the categories of atmosphere, ocean, land, and astronomy
and are freely available on the NOAA Website.

Each site hosting an SOS system may compose its own playlist, cull-
ing from a library of data visualizations; in addition, each system
may augment the visual experience with a facilitated presentation
(sos.noaa.gov/What_is_SOS/about.html).

An example of a visualization created for SOS is Blue Planet, a
seven-minute, narrated movie produced for the traveling exhibition
WATER: H20 = Life (sos.noa.gov/videos/blue_planet_audio.mov).
The Science Museum of Minnesota produced the movie for SOS in
collaboration with the American Museum of Natural History and
the NASA Goddard Space Flight Center. The movie provides an
overview of how water shapes our planet and nearly every aspect

of our lives. Using data sets from a variety of sources, including
NOAA and NASA, it presents water as the driver of Earth’s dynamic
systems, the source of all life on the planet. It underscores just how
rare and precious is Earth’s water resource. The movie combines
water-cycle and ocean current animations with real weather data
sets.

Recognizing that the SOS is an innovative way to visualize data,

16 SOS sites implemented an evaluation plan to set a baseline for
outcomes.” The evaluation showed that visitors absorbed new
information and that the sphere enhanced the understanding of
complex processes and phenomena. Visitors felt that the presenta-
tion of information on the sphere was realistic and that facilitation
correlated with learning.
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Often supplemented with facilitation, Science On a Sphere systems help public audiences
visualize large earth systems. Image courtesy of the Space Foundation Discovery Center &
Northrop Grumman Science Center

Visualization techniques are particularly useful when conveying in-
formation that includes temporal or spatial change. While effective
on their own, visualizations may be greatly enhanced by interac-

tions with a skilled interpreter.

Participation in Research and Direct Interaction
with Practicing Research Scientists

A constructivist museum provides an environment in which
individuals construct their knowledge of the world through the
integration of existing and new conceptions, making personal sense
of what they learn. The following case studies examine some of the
best practices related to creating authentic experiences whereby
audiences engage in activities whose learning outcomes include an
understanding of the process of scientific research. Constructiv-

ist experiences may take the form of hands-on, problem-solving
activities related to real-world issues; social activities that include
conversation with experts; and participatory activities related to

data collection for researchers.

Face-to-Face with Scientists

Increasingly, researchers and research organizations are being
called on to engage with the public as a way to communicate cur-
rent science. When external experts (active researchers and other
science-based professionals) interact directly with museum visitors
in the context of the museum, they help bring life to current science
research while creating visitor experiences on a diversity of scien-
tific topics. Field-wide research shows that gatherings of commu-
nity scientists and public audiences in one-on-one or small-group
interactions can transform the public’s notion of “what a scientist
is” by demystifying or humanizing the scientist, who is often seen as
stereotypically inaccessible.* The Science and Engineering Indica-
tors Studies and other studies have shown year after year that public

audiences continue to place a high degree of trust in scientists.”

The Portal to the Public (PoP) approach is based on direct interac-
tion between a community’s active researchers and museum visi-
tors. The Pacific Science Center developed and tested the model in
partnership with Explora (Albuquerque, New Mexico), the North
Museum (Lancaster, Pennsylvania), and the Institute for Learning
Innovation (Annapolis, Maryland). In this approach, researchers
participate in science communication and interpretation workshops
grounded in inquiry-based learning before engaging with museum
visitors. Experienced museum educators deliver the workshops,
which focus on ideas in constructivist theories and visitor identity
and motivation. During the workshops, scientists reflect on their
own informal learning experiences and identify specific qualities
that made those experiences memorable, thereby helping to ensure
similarly meaningful experiences for visitors. Scientists observe
and participate in hands-on, tabletop activities as models of effec-
tive engagement. They also use questions as a strategy to facilitate
inquiry-rich learning experiences in order to support learners in
making their own discoveries.* The Portal to the Public approach
has expanded beyond its core partners and has found application
in more than 30 science museums across the United States (popnet.
pacificsciencecenter.org).

Scientists engage in hands-on, materials-rich learning activities grounded in informal learning
at Portal to the Public science communication workshops. Image courtesy of the Pacific
Science Center.

One example of a typical Portal to the Public event is Scientist
Spotlight at the Pacific Science Center. The event takes place on
weekends and targets general museum goers (family groups and
individuals). It features three to 15 local scientists from a range of
disciplines and offers hands-on, materials-based activities based on
the scientists’ research. Scientist Spotlight takes place in a gallery
that features festive banners separating the space into nooks where
individual scientists gather with small groups of visitors. Visitors
interact with each scientist in a relaxed, intimate space, sometimes
spending up to 40 minutes at each table. The open-ended, conver-
sational nature of Scientist Spotlight allows scientists to tailor their
content to their immediate audience, whether a 5-year-old child,
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an adult with limited understanding of the area of research, or an
industry peer. A typical comment from a scientist underscores the
fluid nature of the events: “I was able to have high-quality discus-
sions with many visitors. I was pleased that I was able to have a
variety of different kinds of conversations, based on the ages and in-
terests of visitors. It was also rewarding that many of the conversa-
tions were quite long (20 minutes); that was a nice bonus of it being
a quiet day at the museum that allowed the conversations to cover a
lot of ground and follow whatever questions/tangents/curiosity the
kids wanted to discuss.™

Research and evaluation of Portal to the Public programs such as
Scientist Spotlight show that audiences valued the programs for
their hands-on experiences and insight into the work of scientists in
the community. The programs gave audiences an appreciation for
science, its relevance, and its mechanics and showcased scientists

as role models. Audiences were highly satisfied with scientists abil-
ity to involve museum visitors, communicate about science, and
interact with visitors. The programs demystified the stereotype of
scientists and reflected the breadth of ages, ethnicities, and gender

represented within the science community.*®

Museums that highlight science researchers—whether or not
researchers have participated in science communication training—
make great efforts to promote programs that offer visitors the op-
portunity to meet and talk with “real” scientists. In fact, they market
such events as special programs. The personal and conversation-
based interaction with research scientists allows museum visitors to
explore current science by building on their personal involvement

with science.

Public Participation in Scientific Research

The past two decades have seen the development of several pro-
grams that directly involve the public in the process of scientific
investigation. These programs help public audiences learn sci-
ence content and experience the research process. Programs offer
activities organized around citizen science, volunteer monitoring,
and participatory action research, all of which fall under the broad

category of public participation in scientific research (PPSR).*

According to Bonney et al., PPSR models differ from one another
chiefly in the degree to which they involve the public and in the
amount of control that the scientists maintain over their research.*
PPSR projects may be broadly categorized as (1) contributory
projects, which are generally designed by scientists and to which
members of the public primarily contribute data; (2) collaborative
projects, which are generally designed by scientists and to which
members of the public contribute data but also may help refine

the project design, analyze data, or disseminate findings; and (3)
co-created projects, which are designed by scientists and members
of the public in tandem and in which at least some of the public
participants are actively involved in most or all steps of the scientific

process.*!

Although PPSR projects vary in the degree of collaboration
between science researchers and volunteers, volunteers in most
projects receive some degree of training in project procedures to
ensure consistency in data collection and accuracy in data analysis.
Current projects cover wide-ranging scientific content, from moni-
toring local aquatic invasive species to mapping the corners of the
universe. Projects may engage a handful of participants in a small
watershed to hundreds of thousands of observers spread across
several continents.

One example of a PPSR project is the Audubon Society’s Christmas
Bird Count (CBC) (birds.audubon.org/christmas-bird-count).
Every year, from mid-December to early January, tens of thousands
of hobbyists fan out across North America and, together, do their
best to answer two basic questions: How many birds are there? And
what types? While the data constitute simple counts, the informa-
tion is scientifically invaluable and contributes to conservation
efforts. The CBC data set now covers 109 years, and the nearly 11
decades of data combined with a geographic range that spans the
continent enable scientists to address questions that would other-
wise be nearly impossible to answer. In the past few years, scientists
have used the CBC data set to track the emergence and impact of
West Nile virus, to understand the ecological effects of competition
between introduced species, and to measure the shift that birds

make toward the poles in response to global warming.

While PPSR projects have limitations for many types of scientific
research, they may prove to be essential to others, particularly
when data collection depends critically on a widespread network of
observers. PPSR projects may play an important role in detecting
global climate change as characterized by shifts in weather patterns,
movements in the ranges of species, and large-scale transforma-
tions of ecosystems. An analysis of 10 PPSR projects by Bonney

et al. showed that “PPSR projects contribute to awareness, knowl-
edge, and/or understanding of key scientific concepts related to the
study at hand,” with understanding ranging from purely scientific
information to environmental issues and regulations. The research-
ers found that PPSR projects are particularly expedient in engag-
ing people with varying levels of expertise. According to Bonney

et al., the “projects are excellent for developing science-related
skills. Participants in most projects increase their ability to identify

organisms, to use measurement instruments, to collect field data
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following specific protocols, and to sample consistently over time.”
The fact that information collected by citizen scientists has yielded
some of the largest databases on the distribution and abundance of
plants and animals on our planet demonstrates the importance of
volunteers in gathering information that can help further the cause
of science and environmental management.*

Discussion

We have collected a diverse set of case studies illustrating the range
of approaches taken by museums to present current science. A look
across the examples points to similarities that recur despite the di-
versity of settings or goals associated with a given activity. The first
similarity relates to established places of trust. Museums engen-
der high levels of trust and are neutral places for the presentation
of scientific information. The second similarity relates to skilled
facilitators or science communicators. Such individuals may be
either members of an organization’s professional staff or volunteers
who undergo training in communication. Science communicators
may even be “virtual” communicators as in Expedition Health.

The third similarity relates to the relevance of information to target
audiences as determined by solid front-end audience research and
as evidenced in all the case studies. It is also possible to ensure rel-
evance by bringing into the museum experience human stories or
opportunities for personal reflection. The fourth similarity relates
to opportunities for dialogue between two or more individuals by
taking advantage of museums as neutral spaces and tapping the
skills of trained science communicators. The last similarity relates
to the strategic use of partnerships. Leveraging the strengths of sev-
eral institutions or individuals is often a characteristic of the more
successful case studies. One notable illustration of a successful,
long-term partnership is the Nanoscale Informal Science Education
Network, which has been producing and disseminating informa-
tion about nanotechnology for over a decade.”

Most of the case studies focused on typical museum-going audi-
ences. However, the RACE exhibit, Talking Circles, and Science
Cafés are exceptions that reach wider audiences. When targeting
underserved, hard-to-reach, and otherwise vulnerable populations,
museums may need to make additional efforts to develop trust by,
for example, seeking out target populations on their own turf and
identifying a member of the community who is willing to serve as a
bridge. Partnerships with already established and trusted organiza-
tions can help make introductions to and forge connections with
the target community, launching much-needed dialogue.

In conclusion, museums are exploring a growing number of ap-
proaches to presenting current science. Many of the general prin-
ciples may be applied to communication about health services and
health policy research.

About the Author

Meena Selvakumar, Ph.D,, is a public engagement consultant in
Seattle, WA. Erika Shugart, Ph.D., is an Informal Science Educa-
tion and Science Communications Executive with Erika Shugart
Consulting.

Suggested Citation

Selvakumar M, Shugart E. “Key Insights from Museum Studies
Relevant to the Translation and Dissemination of Health Services
Research for Health Policy”, AcademyHealth, April 2015.

Endnotes

1. Gluck ME. “Moving Health Services Research Into Policy and Practice: Lessons
from Inside and Outside the Health Sector: Report from an AcademyHealth
Workshop,” AcademyHealth, March 2015. Available from: http://www.acad-
emyhealth.org/LessonsProjReport

2. Ward P. Personal communication. 2013.

3. NOVA Science Now. Why science cafés? [Internet]. 2013. Available at http:/
www.sciencecafes.org/

4. Sittenfeld D. Personal communication. 2013.

5. Goldman KH, Kessler C, Danter E. Science On a Sphere®: Cross-site summa-
tive evaluation. Edgewater, MD. Institute for Learning Innovation. 2010.

6. Bonney R, Ballard H, Jordan R, McCallie E, Phillips T, Shirk J, Wilderman C.
Public participation in scientific research: Defining the field and assessing its
potential for informal science education. A CAISE inquiry group report. Wash-
ington, DC: Center for Advancement of Informal Science Education (CAISE).
2009.

7. Association of Science and Technology Centers (ASTC). About ASTC. 2014.
Retrieved from astc.org/about/index.htm

8. Friedman A. The evolution of the science museum. Physics Today. 2010. 63(10):
45.

9. National Research Council. How people learn: Brain, mind, experience and
school. Committee on Developments in the Science of Learning. Bransford JD,
Brown AL, editors. Washington DC: National Academy Press; 1999.

10. National Research Council. Learning science in informal environments: People,
places, and pursuits. Committee on Learning Science in Informal Environments.
Bell P, Lewenstein B, editors. Washington DC: National Academy Press; 2009.

11. National Research Council. How people learn: Brain, mind, experience and
school. Committee on Developments in the Science of Learning. Bransford JD,
Brown AL, editors. Washington DC: National Academy Press; 1999.

12. National Research Council. Learning science in informal environments: People,
places, and pursuits. Committee on Learning Science in Informal Environments.
Bell P, Lewenstein B, editors. Washington DC: National Academy Press; 2009.

13.Falk J, Dierking L. Learning from museums: The visitor experience and the
making of meaning. Walnut Creek. CA: AltaMira Press. 2000.

14. Falk J. Free-choice science education: How we learn science outside of school.
New York, NY: Teachers College Press. 2001.

15. Nisbet M. Rethinking the Translation and Dissemination Paradigm: Recom-
mendations from Science Communication Research for Health Services Policy
Debates, AcademyHealth, April 2015. Available from: http://www.academy-
health.org/LessonsProjSciComm

16. National Research Council. Learning science in informal environments: People,
places, and pursuits. Committee on Learning Science in Informal Environments.
Bell P, Lewenstein B, editors. Washington DC: National Academy Press; 2009.

17. Diamond J. Practical evaluation guide: Tools for museums and other informal
education settings. Walnut Creek, CA: AltaMira Press. 1999.

18. Field H, Powell P. Public understanding of science versus public understanding
of research. Public Understanding of Science. 2001; 10L 421-426.

19. Lewenstein BV, Bonney R. Different ways of looking at public understanding
of research. In Creating connections: Museums and the public understanding
of current research. Chittenden D, Farmelo G, Lewinstein BV, editors. Walnut
Creek, CA: AltaMira Press. 2004;3-72.

20. Young A, Denton T, Cole J. Improving Technological Literacy. Issues in Science
Technology. 2002. Available from: http://issues.org/18-4/young/

April 2015



Translation and Dissemination of Health Services Research for Health Policy: Key Insights from Museum Studies

21. International Technology and Engineering Educators Association. Technology
for all Americans Project. 1994. Available from: http://www.iteaconnect.org/
TAA/

22. Durant J. The challenge and opportunity of presenting “unfinished science.”

In Chittenden D, Farmelo G, Lewinstein BV, editors. Creating connections:
Museums and the public understanding of current research. Walnut Creek, CA:
AltaMira Press. 2004 47-60.

23. Coughlin B, Hacking M, Noel D, Snellgrove B, Verrengia J, Walsh N. (2007a).
Expedition health: Concept phase report. Denver, CO: Denver Museum of
Nature & Science.

24. Coughlin B, Hacking M, Noel D, Snellgrove B, Verrengia J, Walsh N. (2007b).
Expedition health: Design development report. Denver, CO: Denver Museum of
Nature & Science.

25.McNamara PA. Expedition health summative evaluation report. Denver, CO:
Denver Museum of Nature & Science. 2010.

26. Coughlin B. Personal communication. 2013.

27.McNamara PA. Expedition health summative evaluation report. Denver, CO:
Denver Museum of Nature & Science. 2010.

28.Jolly E. The risks and rewards of race. Museum. November/December 2013.

29. Garfinkle R. RACE, fostering community conversations for social change.
ASTC Dimensions. eSeptember/October 2008: 6.

30. Ward P. Personal communication. 2013.

31. Sittenfeld D. Personal communication. 2013.

32.Yocco V, Heimlich J. Decision table: Remedial study findings report. Wash-
ington, DC: Marian Koshland Science Museum of the National Academy of
Sciences. 2011.

33. Goldman KH, Kessler C, Danter E. Science On a Sphere®: Cross-site summa-
tive evaluation. Edgewater, MD. Institute for Learning Innovation. 2010.

34. Storksdieck M, Stein JK, Dancu T. Summative evaluation: Current (health)
science at the current science & technology center, museum of science, Boston.
Edgewater, MD: Institute for Learning Innovation. 2005.

35. National Science Board. Science and technology: Public attitudes and public
understanding. Science & engineering indicators—2014. Washington, DC: U.S.
Government Printing Office. 2014.

36. Selvakumar M, Storksdieck M. Portal to the public: Museum educators collabo-
rating with scientists to engage museum visitors with current science. Curator,
The Museum Journal. 2013; 56:69-78.

37.Portal to the Public. Implementation Manual. Pacific Science Center, Explora,
North Museum of Natural History and Science, Institute for Learning Innova-
tion. 2011. Retrieved from popnet.pacificsciencenter.org

38. Sickler J. Foutz S, Ong A, Storksdieck M, Kisiel J. Portal to the public guiding
framework: Determining the value of a model for scientist-visitor interaction.
Edgewater, MD: Institute for Learning Innovation. 2011.

39.Bonney R, Ballard H, Jordan R, McCallie E, Phillips T, Shirk J, Wilderman C.
Public participation in scientific research: Defining the field and assessing its
potential for informal science education. A CAISE inquiry group report. Wash-
ington, DC: Center for Advancement of Informal Science Education (CAISE).
2009.

40.Bonney R, Ballard H, Jordan R, McCallie E, Phillips T, Shirk J, Wilderman C.
Public participation in scientific research: Defining the field and assessing its
potential for informal science education. A CAISE inquiry group report. Wash-
ington, DC: Center for Advancement of Informal Science Education (CAISE).
2009.

41.Bonney R, Ballard H, Jordan R, McCallie E, Phillips T, Shirk J, Wilderman C.
Public participation in scientific research: Defining the field and assessing its
potential for informal science education. A CAISE inquiry group report. Wash-
ington, DC: Center for Advancement of Informal Science Education (CAISE).
2009.

42.Bonney R, Ballard H, Jordan R, McCallie E, Phillips T, Shirk J, Wilderman C.
Public participation in scientific research: Defining the field and assessing its
potential for informal science education. A CAISE inquiry group report. Wash-
ington, DC: Center for Advancement of Informal Science Education (CAISE).
2009.

43. NISEnet. Nanoscale information science education network. March 2014.
Retrieved from www.nisenet.org/

April 2015



