Public Engagement with Science
A guide to creating conversations among publics and scientists
for mutual learning and societal decision-making
MUSEUM OF SCIENCE • 2018

Public Engagement with Science
A guide to creating conversations among publics and scientists
for mutual learning and societal decision-making

By Larry Bell, Caroline Lowenthal, David Sittenfeld, Katie Todd, Sarah Pfeifle, and Elizabeth Kunz Kollmann

buildingwithbiology.org

Special thanks to Kayla Berry for her work on this guide, and to Emily Cloyd, Kevin Farmer, Sarah Garlick,
Tiffany Lohwater, and Meena Selvakumar for their review and suggestions.

Copyright Museum of Science
September, 2018
Published under a Creative Commons Attribution Noncommercial-ShareAlike license:
http://creativecommons.org/licenses/by-nc-sa/3.0

CC BY-NC-SA 3.0

This guide is based on work supported by the National Science Foundation
under Award Number DRL 1421179. Any opinions, findings, conclusions, or
recommendations expressed in this guide are those of the authors and do not
necessarily reflect the views of the Foundation.

Contents

Preface  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4
Introduction .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 6
CHAPTER 1

What is public engagement with science?  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7
By Larry Bell

CHAPTER 2

Strategic public engagement  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 14

By Larry Bell
CHAPTER 3

Planning and designing a public engagement event  .  .  .  .  .  .  .  .  .  .  . 25

By Caroline Lowenthal
CHAPTER 4

Planning and designing a public engagement activity  .  .  .  .  .  .  .  .  .  . 36

By Caroline Lowenthal
CHAPTER 5

Evaluating public engagement outcomes .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 45

By Katie Todd, Sarah Pfeifle, and Elizabeth Kunz Kollmann
CHAPTER 6

Disseminating public engagement outcomes  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 55

By Caroline Lowenthal and David Sittenfeld
CHAPTER 7

Future directions for public engagement with science  .  .  .  .  .  .  .  .  . 63

By David Sittenfeld
Appendix A:

Ready-to-use public engagement tools from existing pes projects .  .  .  .  . 76
Appendix B:

Useful documents and links  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 78

Preface

education). Participants included Larry Bell, Tiffany Lohwater, John
Falk, Jane Lehr, Bruce Lewenstein, Cynthia Needham, Ben Wiehe,
and Ellen herself. The group produced the report Many Experts, Many
Audiences: Public Engagement with Science and Informal Science
Education. The report described PES in this way:

When the Museum of Science (MOS) decided that technology and
engineering education should be an equal partner to science
education in its programs and exhibits, it raised questions about
how museum activities would address social values along with the
relevant science. The American Association for the Advancement
of Science (AAAS) publication Science for All Americans, published
in 1989, noted that “Engineering decisions, whether in designing
an airplane bolt or an irrigation system, inevitably involve social
and personal values as well as scientific judgments.” We found an
answer to those questions in 2002 when a group of researchers
from North Carolina State University presented their research about
“citizen consensus conferences” at the AAAS Annual Meeting that
year. In these citizen consultations, patterned after work done by
the Danish Board of Technology to get citizen input into technology
policy questions, the organizers provide the science content and the
citizens bring their values. The program is not a lecture or series of
lectures, but a set of conversations in which both the scientific and
technological experts and the public participants bring their different
expertise to the table, along with their values, personal experience,
and perspectives.

Public Engagement with Science (PES) is usually
presented as a “dialogue” or “participation” model in
which publics and scientists both benefit from listening
to and learning from one another—referred to as mutual
learning. The model is premised on the assumption that
both publics and scientists have expertise, valuable
perspectives, and knowledge to contribute to the
development of science and its application in society.
The MOS has experimented with public dialogue programs it calls
“Forums” since 2003 and has conducted over 100 such programs
since then. In 2005, MOS staff joined forces with staff from four other
science museums in an activity of the Nanoscale Informal Science
Education Network (NISE Net) to co-develop and test Forums on
societal issues related to nanotechnology. Partners included the
Science Museum of Minnesota, the Exploratorium, the Museum of Life
and Science, and the Oregon Museum of Science and Industry.

In 2008, the Center for the
Advancement of Informal
Science Education, under the
leadership of Ellen McCallie,
convened an inquiry group on
PES in ISE (public engagement
with science in informal science

Public Engagement with Science

In 2010, the MOS launched an NSF-funded project (Dimension of Public
Engagement with Science) to collect, analyze, and publish a collection
of PES case summaries about then-current PES activities in the ISE
field. The project also included a workshop involving 50 of the catalog
contributors to explore future directions in PES. The group developed
nine “Strategic Priorities for Advancing Public Engagement with
Science within the Informal Science Education Community.”
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In 2014, the MOS was successful at winning NSF support for a project
called Multi-Site Public Engagement with Science–Synthetic Biology
(MSPES). This project was aimed at

McCarthy of the Science Museum of Minnesota; Ali Jackson of the
Sciencenter; Camellia Sanford and Claire Quimby at Rockman et al;
and Gretchen Gano at UC Berkeley. Many others were involved as
advisors, project consultants, educational activity developers and
their scientist partners, host site leaders and their scientist partners,
reviewers of educational materials and this guide, and others who
contributed in a variety of ways.

• building the informal science education infrastructure for PES,
connecting practitioners, building best practices, connecting to
existing networks, and providing resources, tools, and guides;
• developing a community of practice to investigate, articulate,
and acknowledge the diverse goals and motivations for
developing PES activities, and to develop an evaluation
framework that can handle the complexity of PES;

This guide, which is intended to exist as both a
designed booklet and a website, is an outgrowth
of all the past work described here and most
specifically of the MSPES Building with Biology
project. It is possible thanks to the commitment
and enthusiastic participation of hundreds of professionals who
contributed to the findings of the project.

• engaging scientists in PES and exploring common goals for
public and scientist participation in PES; and
• exploring mechanisms for dissemination of PES strategies,
products, resources, and tools, and building a core group to
develop and disseminate.
The project focused on the rapidly advancing field of synthetic
biology, a topic well-suited to its PES goals because new genome
editing technologies were in the news and raising questions
about ethical applications. Also, the field is populated with young
researchers who recognize the need for and are interested in public
engagement.
The principal investigators on the MSPES project were Larry Bell,
Elizabeth Kunz Kollmann, and David Sittenfeld, all of the MOS; Tiffany
Lohwater of AAAS; and Natalie Kuldell of MIT and the Biobuilder
Foundation. Other key personnel included Kayla Berry, Katie Todd,
and Caroline Lowenthal of the MOS; Jeanne Braha and Emily Cloyd
of AAAS; Megan Palmer and Kevin Costa of SynBERC; Catherine

Public Engagement with Science
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Introduction

Chapter 1 (What is Public Engagement with Science?) digs into the
fundamental characteristics of PES and provides some examples of
programs that incorporate one or more of them.

Public engagement with science (PES) is about dialogue between
scientific and technological experts and public audiences about
societal questions that science can inform but not answer. In making
decisions about these kinds of societal questions, social values
and personal experience play roles equal to or greater than the one
played by science. Rather than focusing exclusively on science itself,
PES focuses on discussing problems that communities view as worth
solving; the information society needs and wants from scientists; the
potential risks, benefits, and consequences of new technologies; and
building trust among stakeholders.

Chapter 2 (Strategic Public Engagement) focuses on kinds of public
engagement and the benefits and outcomes of each for those
involved and for the broader society as a whole.
Chapter 3 (Planning and Designing a Public Engagement Event)
provides a framework for putting on a PES event for some type of
public audience.
Chapter 4 (Planning and Designing a Public Engagement Activity)
focuses on creating hands-on activities and forum programs that
stimulate dialogue and incorporate the characteristics of PES.

The 2017 National Academies report Communicating Science
Effectively: A Research Agenda1 notes that “the most widely
held, and simplest, model of what audiences need from science
communication … is wrong. A common assumption is that a
lack of information and understanding of science fully explains
why more people do not appear to accept scientific claims or
engage in behaviors or support policies that are consistent with
scientific evidence. … And although people may need to have more
information or to have information presented more clearly, a focus
on knowledge alone often is insufficient. … What is known now,
though, is that public engagement often is essential for acceptable
decisions about science-related controversies.”

Chapter 5 (Evaluating Public Engagement Outcomes) shares resources
for evaluating PES events and activities. It focuses on defining
appropriate outcomes for PES and selecting the right methods for
measuring those outcomes.
Chapter 6 (Disseminating Public Engagement Outcomes) covers
methods of disseminating work of PES projects—both methods for
doing PES and publics’ and scientists’ shared views on the particular
topics or questions of PES events.
Chapter 7 (Future Directions for Public Engagement with Science)
explores opportunities for further development of PES in the
informal science education community.

This guide is designed to help staff at informal science education
organizations and others who are interested to develop, implement,
and evaluate activities and events that incorporate the multidirectional dialogue and mutual learning at the heart of public
engagement with science.

Public Engagement with Science
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CHAPTER 1

useful knowledge from their life experience. Through PES, ISE
institutions can help facilitate dialogue to address important science
communication goals.

What is public
engagement with
science?

Sometimes confusion arises because the term “public engagement
with science” is used to mean a variety of things that are different
from the National Academies or CAISE definition, such as overall
educational engagement or public participation in scientific
research.3 These different uses of the term overlap in a variety of
ways and sometimes people in the same conversation are using the
term to mean different things. This guide uses the CAISE definition
and the following three dimensions of PES, which were also defined
in the 2009 report.1

By Larry Bell

Public Engagement with Science (PES)
is usually presented as a “dialogue” or
“participation” model in which publics and
scientists both benefit from listening to and
learning from one another…premised on the
assumption that both publics and scientists
have expertise, valuable perspectives, and
knowledge to contribute to the development
of science and its application in society.1

Three dimensions of PES
1. The topics of PES activities focus on impacts of science and
technology on individuals and communities; personal and
societal values related to STEM applications; and institutional
priorities and public policy; and not only on the technical aspects
of scientific work.
2. Public participants share views and knowledge, deliberate with
other participants, engage in group problem-solving, and produce
recommendations, rather than only listening, watching, and asking
questions.

The National Academies of Science, Engineering, and Medicine
define public engagement in the context of science communication
as “seeking and facilitating the sharing and exchange of knowledge,
perspectives, and preferences between or among groups who often
have differences in expertise, power, and values.”2 The Center for
the Advancement of Informal Science Education (CAISE) describes
public engagement in the context of informal science education
(ISE) as focusing on conversations in which scientific experts listen
as well as talk to publics who provide input, deliberate, and make
recommendations on topics for which publics can contribute

Public Engagement with Science

3. Expert participants (both scientists and educators) listen to
publics, work to become skilled and informed communicators,
welcome and value participant input, and even act upon that
input in their own work, rather than just making presentations or
conducting other forms of one-way communication.
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Many have called for this kind of public engagement and
cited its benefits to the public, to the scientific community,
and to society as a whole.
“If it restores important value conflicts
to the public sphere … then public
engagement may prove to be the
right participatory formula for this
historical moment, at least in the
context of democracy in America.”

colellaphoto.com

“We need to engage the public
in a more open and honest
bidirectional dialogue about
science and technology and
their products, including not
only their benefits but also their
limits, perils, and pitfalls.”

Sheila Jasanoff, Professor of Science and Technology Studies
at Harvard Kennedy School6

Alan Leshner, former CEO of the American
Association for the Advancement of Science 4

The 2008 Science Centre World Congress in Toronto
issued a declaration saying, among other things, that
the international science center community

“will actively seek out issues related to science
and society where voices of citizens should be
heard and ensure that dialogue occurs.”

Erik Jepsen/UC San Diego

“Citizens do not need to be secondhand scientists.
But they do need to be able to make
sound judgments about science policy
choices … To better engage the public,
shift from the goal of ‘science literacy’
to the goal of reaching sound ‘public
judgment’ on scientific issues, and use
specialized forms of dialogue to advance
this goal.”
Daniel Yankelovich, public opinion
analyst and social scientist 5

Science Centre World Congress leaders
displaying the “Toronto Declaration”
Photo courtesy of the 5th Science Centre World Congress

Public Engagement with Science
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PES is not yet the norm in either science
communication or informal STEM education.

experts participated,9 and a 2013 review of studies on how scientists
view the goals of communicating with publics found that most “tend
to favor one-way communication … viewing engagement as chiefly
about dissemination rather than dialogue.”10

In a 2011 Dimensions of PES project survey, ISE organizations
provided descriptions of 201 projects that they felt stepped beyond
traditional education goals toward PES.8 But analysis of the data
concluded that there was a lack of PES elements in the programs
as defined in the 2009 CAISE report, especially in terms of how the

The 2009 CAISE report1 in contrast defined a continuum of activities
in each of three dimensions showing which were more PES-like and
which were less PES-like.

Dimensions of Public Engagement with Science (PES)
less
PES like

WHAT THE FOCUS IS

WHAT THE PUBLIC DOES

WHAT THE EXPERTS DO

• Natural and human
made world

• Watch and read

• Advise the ISE folks

• Processes of science

• Ask questions or interact

• Societal &
environmental impacts

• Make presentations to
the public

• Talk and share views

• Relevant personal,
community, and societal
values

• Deliberate and problem
solve together

• Work to improve
communication skills

• Instiutional priority or
public policy

• Produce
recommendations

• Welcome and value
public input
• Act on public input
more
PES like

Public Engagement with Science
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These examples of informal educational activities move toward PES in one or more of the three dimensions shown in the chart on the previous page.

WHAT THE FOCUS IS:
Choosing a focus that includes societal impacts, values,
and priorities is one way to implement PES.

WHAT THE PUBLIC DOES:
Incorporating participant views, deliberation, sharing,
or problem-solving in connection with topics that include
societal impacts, values,
and priorities is another
way to implement PES.

Science theater is one way to incorporate societal
impact content. Short plays were used by NISE Net to
stimulate conversation about the impact nanoscale
science may have
on our lives and to
get the audience
thinking about how
we should respond—
both individually and
collectively—to those
potential impacts.11

“Exploring Nano &
Society—You Decide!”
is a hands-on activity in
which visitors sort and
prioritize cards with
new nanotechnologies according to their own values and
the values of others. Visitors explore how technologies
and society influence each other and how people’s
values shape how nanotechnologies are developed and
adopted.13

Let’s Talk About It at Science Museum of Minnesota

What would you do
if you had an invisibility
cloak?

Risks, Benefits, and
Who Decides. NISE
Net’s Forum programs
encourage audience
consideration of the
societal and ethical implications of science and
technology topics. Older youth and adults participate in
one- to two-hour facilitated discussions that promote
exploration and foster dialogue and deliberation.14

You could get up to mischief…
but so could other people.
Technologies change the way we interact with our
families, friends, people in our communities, and
people far away from us. Whether it’s a cell phone
or an invisibility cloak, we work together to gradually
ÀJXUHRXWZKHQZKHUHDQGKRZLWҋVRNWRXVHDQHZ
technology.
Right now invisibility cloaks are imaginary, but
nanotechnology could make them a reality.
Researchers are experimenting with ways of bending
light to make objects invisible to the human eye or to
surveillance devices.

Emily Maletz for the NISE Network

Nano and Society
posters are another
example of a way to
add PES content to
science festival events
like NanoDays that are
otherwise mostly about
science phenomena
and processes.12

What is nano?

Technologies affect social relationships. If invisibility cloaks existed,
who would use them and why? What kind of new rules or laws do you
think we’d need to create?

This product was created jointly by the Nanoscale Informal Science Education Network and the Center for Nanotechnology in Society at Arizona State University. Any opinions, findings, and conclusions or recommendations
expressed in this product are those of the author and do not necessarily reflect the views of the National Science Foundation. This project was supported by the National Science Foundation under Award Nos. 0940143 and 0937591.
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:KDWLVQDQR"1DQRLVWKHVFLHQWLÀFWHUPPHDQLQJ
one-billionth (1/1,000,000,000). At this size, the size
of atoms and molecules, materials take on new
properties. Nanotechnology is the manipulation of
materials at the nanoscale to take advantage of these
properties. For more info visit www.whatisnano.org

http://cns.asu.edu/nanoquestions
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Public Engagement with Science has other uses in
addition to mutual learning.

WHAT THE EXPERTS DO:
Having scientists listening to publics and welcoming their
views, as well as talking to them, in activities sharing of
views, deliberation, and problem-solving takes place is
another way to implement PES.

While the CAISE definition of PES focuses on mutual learning
between science experts and public audiences, policymakers
may also be interested in the outcomes of informed, thoughtful
deliberations by diverse participants.
World Wide Views18 is a global citizen consultation initiative that
provides decision-makers with a unique insight into the global
public opinion on complex governance issues that are debated and
negotiated at global venues such as the UN.

Forest Science Dialogues at
the Hubbard Brook Research
Foundation is a project to
develop and test mechanisms
for dialogue-based engagement
between ecosystem scientists
and local citizens in the rural
Northeast.15

Thousands of citizens in countries around the world have
participated in daylong discussion of issues, coordinated
internationally by the Danish Board of Technology Foundation and in
the U.S. by the ECAST Network.

The Building with Biology project16 was designed to
create conversations about synthetic biology between
scientists and the public through public events that
include hands-on table-top activities and forum programs.
The hands-on activities are intended to be facilitated by
scientists or educators to promote conversations with the
public about the societal implications of synthetic biology.

Members of the ECAST Network19
collaborated to conduct in-person and
online citizen forums to get public
views for NASA about their upcoming
asteroid redirect mission.
Network members worked with NASA
scientists to determine what they would
like to learn from public audiences,
created engaging ways to inform
demographically representative groups
of 100 participants, and collected and
analyzed participant recommendations to support NASA’s decisionmaking processes.20

The Building with Biology forums “Should We Engineer
the Mosquito?” and “Should We Edit the Genome?
When, Why, and How Much?” give public participants
an active role in deliberating together with scientists and
science students.17

Public Engagement with Science
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Citizen science or public participation in scientific research
offers additional possibilities for PES. Some citizen science projects
primarily engage publics as data collectors. Scientists use the input
but publics are not deliberating on societal impact, values, and
priorities, or participating in problem-solving. Co-created projects,
however, engage publics and scientists together in responding
to specific individual or community needs. By jointly identifying
relevant questions and finding meaning in results, co-created
projects have more of the characteristics of PES while conducting
scientific research.21

Youth citizen researchers measure air quality near North Station in
Boston with a mentor from the Cambridge Public Health Department

Public Engagement with Science
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CHAPTER 2

These may include specific benefits for the science museum or other
engagement practitioner organization, for the scientists involved,
or for the larger community or society as a whole. Depending upon
the purpose and goals, the design of engagement activities may be
different. This chapter focuses on different purposes for PES and how
differences may effect the design.

Strategic public
engagement
By Larry Bell

The American Association for the Advancement of Science (AAAS)
identifies four kinds of engagement on its website,1 each of which
provides a unique set of opportunities, strengths, constraints, and
benefits to the organizers and participants.

To be most effective, public engagement activities
should be designed with a clear understanding of
the purpose and goals for the engagement.

1. Public Dialogue approaches promote dialogue as an end in
itself, with outcomes that tend toward personal-level changes
in interest, affect, or knowledge for both expert and public
participants.
2. Policy Deliberation is usually tied to providing input on specific
actions or policies on societal issues that involve science and
technology.
3. Knowledge Co-Production emphasizes bringing participants
in as collaborators in the practice of science. Outcomes relate
to building scientific skills in publics and bringing non-expert
perspectives to research.
4. Cooperative Engagement builds trust and collaborative
relationships between institutions (usually universities) and key
stakeholder and professional communities.
Because of the specific work and expertise of the authors, this guide
focuses on public dialogue and policy deliberation.

Public Engagement with Science
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EXAMPLE OF PUBLIC DIALOGUE:

Building with Biology Kit

EXAMPLE OF POLICY DELIBERATION:

“Should We Edit the Genome?” Building
with Biology Forum2

3

The Building with Biology 2016 physical kit contains
six hands-on activities that are designed to be facilitated
by scientists or educators to promote conversations
with public audiences about the societal implications of
synthetic biology.

Public Engagement with Science

This forum encourages in-depth discussion about
the potential ways CRISPR, a new technology for
genetic engineering, could be used across a variety
of applications. Participants learn about genetic
engineering and the related ethical and societal
dimensions, along with several ways scientists are
considering using it. In small groups, they consider
and make a plan about whether and how to bring this
technology to the world.
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The following table outlines a vision for public engagement with science as presented by
the AAAS Center for Public Engagement with Science & Technology on their website.4

Public Engagement with Science
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Benefits of PES activities to involved individuals and broader society
Host institution benefits

Scientist Benefits

Public Participant Benefits

PES conveners at science museums
and similar organizations may want to
conduct public engagement activities
because of benefits to their own
organization, such as:

Scientists themselves may want to
participate in public engagement
activities because of benefits to
themselves and to their work, such as:

Publics may want to participate in PES
because of personal benefits, such as:

• Attracting and engaging adult
audiences for in-depth learning
experiences
• Increasing informal science educators’
knowledge, skill, and interest in
developing and conducting programs
that engage the public in conversation
about societal issues raised by new and
emerging technologies
• Learning about the interests and
perspectives of the audiences they serve.
• Working toward defining a new role
for museums and similar organizations
in the community, as neutral places to
hold conversations on controversial or
unresolved societal issues related to
science and technology

• Discovering ways to make their work
more relevant to society and to specific
public audiences
• Enhancing their public science
communication skills
• Learning and recognizing the multiple
perspectives on science and society
held by publics
• Enhancing publics’ increased use of
evidence in decision-making
• Increasing awareness of the cultural
relevance of science, including
excitement and enthusiasm for science
• Fostering trust between the scientific
community and various publics
• Increasing publics’ knowledge about
science and scientific research
• Increasing publics attitudes toward
science and scientific research

• Learning about new areas of scientific
research and their implications for society
• Learning about the views of others
and developing the capacity to
communicate one’s own views
• Having their voices heard on issues
they care about

Broad societal benefits
There are also benefits to society as a
whole around which all participants
might rally, such as:
• Building connections and mutual
familiarity between the scientific
community and various publics
• Developing capacities within the
community to assess, discuss, and make
decisions about shaping the future
through our everyday actions
• Providing thoughtful citizen input
to policymakers at local, national, or
international scales
• Developing capacities within informal
educational organizations to support
thoughtful dialogue around pressing
community issues

Public Engagement with Science
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Focus on Four Broad Societal Benefits

Dimensions of Public Engagement with Science (PES)

Achieving each of the four broad societal benefits identified on the
previous page may require different approaches to the PES activity
you implement.
1. Broad societal benefit: Building connections and mutual
familiarity between the scientific community and publics
Central to the way CAISE defined PES in 2009 is mutual learning
by both scientists and publics from listening to one another. This
model of PES is “premised on the assumption that both publics and
scientists have expertise, valuable perspectives, and knowledge
to contribute to the development of science and its application to
society.”5 For this kind of PES, scientists are encouraged to interact
directly with public participants in one-on-one or small-group
conversations. Not only do public participants get to learn about
research directly from scientists, but scientist participants also get
to learn from the public participants.

WHAT THE
PUBLIC DOES

WHAT THE
EXPERTS DO

Natural and
human-made
world

Watch
and read

Advise the
ISE folks

Processes
of science

Ask questions
or interact

Make
presentations
to the public

Societal and
environmental
impacts

Talk and
share views

Work to improve
communication
skills

Relevant personal,
community, and
societal values

Deliberate and
problem solve
together

Welcome and
value public input

Institutional
priority
or public policy

Produce
recommendations

Act on
public input

focus

The summative evaluation
for the Building with
Biology project found
that 90% of the activity
facilitators, who were
mostly science experts,
agreed or strongly agreed
that participating in the
project increased their
skills in enagaging the
public in science.

Public Engagement with Science

WHAT THE
FOCUS IS

less
PES like

more
PES like

“Members of the public were very eager to learn and
discuss implications of synthetic biology research
and think critically about how these emergent
technologies would impact society more broadly.”
–Building with Biology volunteer
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Examples of what scientists may learn from public participants
From evaluation of Building with Biology pilot events6

The public was open to
synthetic biology.

“They have a genuine interest in biology and synthetic biology, and are far more open-minded than
might be presumed.”

The public already knew about
synthetic biology.

“Public participants knew more general knowledge about the subject than I had expected.”

The public wanted to learn
about synthetic biology.

“Members of the public were very eager to learn and discuss implications of synthetic biology
research and think critically about how these emergent technologies would impact society more
broadly.”

About communicating with
the public.

“I learned that people are extremely sensitive to words. For instance, the word ‘bacteria’ would elicit
negative reactions, but the word ‘probiotic’ was much more agreeable.”

The public could engage in
meaningful conversations.

“Everyone has the ability to think like a scientist, to see a problem and think about why it might be
happening and what could be done about it. Maybe they don't have the science background that
could help them make more accurate observations, or think of exactly how to manufacture the
solution. They would still be an excellent soundboard, and should be brought into the process of
science more often.”

The public knew little about
synthetic biology.

“There is a general apathy towards synthetic biology because the public does not understand
what it is.”

The audience had diverse views.

“The parents seemed overall more supportive of applications for synthetic biology than I thought
they would. Perhaps there was a self-selection bias on their part. Views were still very diverse
though.”

About the public’s knowledge of
synthetic biology.

“I got a better feel for what members of the public know about biology and synthetic biology.”

How to improve the activity I
facilitated.

“I got feedback on how the activity could be improved.”

Public Engagement with Science
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2. Broad societal benefit: Developing capacities within the
broader community to assess, discuss, and make decisions about
how various roles shape the future through our everyday actions

• Negotiating potential agreements on policy recommendations
with people who have different views
The design of this kind of PES activity is focused on giving the public
participants an active role in discussing topics they can contribute to
through their life experience and their understanding of community
needs and values. Sometimes in this kind of program science experts
may advise organizers and make presentations to public audiences
but take a back seat in the discussions and negotiations so that they
do not inadvertantly hinder public participants from taking fully
active roles in the discussion because they defer to the experts.

People make decisions that affect the development of technologies
in all areas of their lives.

Dimensions of Public Engagement with Science (PES)

David Guston at Arizona State University talks about anticipatory
governance as “a broad-based capacity extended through society
that can act on a variety of inputs to manage emerging knowledgebased technologies while such management is still possible.”7
PES designed for this purpose is all about enhancing publics’ civic
engagement skills in connection with science and society. The focus
is on public empowerment, which includes:
• Gaining knowledge related to a topic of interest or concern
• Hearing different perspectives from experts and publics
• Forming and expressing one’s own views on the topic
• Recognizing personal experience, social values, and scientific
evidence in one’s own arguments and those of others
Public Engagement with Science

WHAT THE
FOCUS IS

WHAT THE
PUBLIC DOES

WHAT THE
EXPERTS DO

Natural and
human-made
world

Watch
and read

Advise the
ISE folks

Processes
of science

Ask questions
or interact

Make
presentations
to the public

Societal and
environmental
impacts

Talk and
share views

Work to improve
communication
skills

Relevant personal,
community, and
societal values

Deliberate and
problem solve
together

Welcome and
value public input

Institutional
priority
or public policy

Produce
recommendations

Act on
public input

focus
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3. Broad societal benefit: Providing thoughtful citizen input on
public policy questions to government policymakers at local,
regional, national, or international scales

deliberations to inform citizens about and solicit their input on
science and technology policy issues.
This kind of PES builds on earlier work carried out by the Danish
Board of Technology Foundation which continues to organize
World Wide Views global citizen consultations.9 Science museums
in Europe have been involved in recent years in a number of citizen
consultation projects funded by the European Commission:

This kind of PES, which could be called “citizen consultation,” may
require greater rigor in various aspects of the program design,
particularly if outcomes are going to be reported to policymakers
who are not themselves participants.

• Synenergene made the results of dialogue on synthetic biology
available to policymakers and the public.10

Added rigor for PES aimed at providing policy advice
• Audience selection may require demographic balance with
control for over-involvement of stakeholder groups.

• Sea for Society is shaping a new concept of “Blue Society”
through citizen consultation and action.11

• Scientific content may need to be vetted more carefully to
ensure a balanced and accurate presentation of the facts and
issues related to the content.

Dimensions of Public Engagement with Science (PES)

• Content needs to be presented in a way that is accessible to, and
absorbed to the extent possible, by all participants.

WHAT THE
FOCUS IS

WHAT THE
PUBLIC DOES

WHAT THE
EXPERTS DO

• Deliberation methods need to be designed to ensure full
participation by all participants without undue influence by
experts or highly engaged participants.

Natural and
human made
world

Watch
and read

Advise the
ISE folks

• Participant outputs need to be carefully collected and analyzed
to present recommendations.

Processes
of science

Ask questions
or interact

Make
presentations
to the public

• Expert participants may need to be limited to providing
scientific information and not be involved in deliberations.

Societal &
environmental
impacts

Talk and
share views

Work to improve
communication
skills

Relevant personal,
community, and
societal values

Deliberate and
problem solve
together

Welcome and
value public input

Instiutional priority
or public policy

Produce
recommendations

Act on
public input

The complementary skills of social science researchers and
informal educators or science communicators may be helpful in
meeting these more rigorous conditions for PES for public policy
consultation. The ECAST (Expert and Citizen Assessment of Science
and Technology) Network8 was established in 2010 to bring together
academic research, informal science education, citizen science,
and non-partisan policy analysis to engage citizens in peer-to-peer
Public Engagement with Science

focus

21

less
PES like

more
PES like

Chapter 2: Strategic public engagement

4. Broad societal benefit: Developing capacities and practices
within informal educational organizations to support thoughtful
dialogue around pressing community issues
Science museums and many other ISE organizations mostly take
a public understanding of science approach focused primarily on
young audience members, but in recent years some science museums
have explored aspects of PES. In 2011, the Museum of Science
collected a sample of 201 activities submitted by 125 organizations
as representative of their efforts at the time to step beyond public
understanding of science into topics and processes that explore public
engagement with science. The case summaries fell into 10 categories:
art and theater, citizen science, exhibits, festivals, forums and science
cafés, inquiry, media, meet the scientist, on-site research, reference,
and take action. The catalog has not been updated since 2011 but is
available to download on the Dimensions of PES Wikispace.12
Chapter 7 explores opportunities for further development of PES in
the informal science education community.

Public Engagement with Science

PES example:

Nurture Nature Center in Easton, PA
Some museums have made PES central to their mission.
The Nurture Nature Center in Easton, Pennsylvania, is a
center for community learning about local environmental
risks. The staff uses a blend of science, art, and dialogue
programs to get the community talking and thinking
critically about the local environment. Their Easton
Matters program focuses on the four neighborhoods
of Easton and asks for input on local environmental
concerns and priorities through a public survey,
interviews with city officials and leaders of communitybased organizations, neighborhood focus groups, and a
community-wide forum.13
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Priority areas for advancing PES in Informal Science Education

Participants in a PES workshop in 2012 identified the following nine priority areas for the further development of PES in ISE.

1. Philosophy of practice—PES embedded in community.
Develop a philosophy of practice that embeds informal science
institutions in communities as active participants in civic issues
because of their capabilities to convene and facilitate.

6. Engaging under-represented audiences in PES. Seek
strategies for hard-to-reach, nontraditional audiences, matching
topics with audience interest and need, and developing delivery
strategies that work for those not currently engaged.

2. Keeping PES going—community impact beyond the event.
Develop methods to keep engagement going after an
engagement event, through social media, online activities,
stakeholder communities, and links to civic issues and policies.

7. Building PES perspectives into existing activities. Develop
methods for augmenting current and future exhibits and
programs with PES strategies for greater reach.
8. Financing PES. Develop funding strategies for PES, potential
audience-financed models as well as corporation or foundationfunding models.

3. Infrastructure for readiness to implement PES. Build the
infrastructure necessary to respond to PES questions as they
arise, connecting practitioners, building best practices, and
providing resources, tools, and guides.

9. Dissemination of PES. Explore mechanisms for dissemination
of PES strategies, products, resources, tools, technologies,
motivational value propositions, and embedment strategies.

4. Diverse goals and new evaluation strategies for PES.
Investigate and articulate the diverse goals and motivations for
PES activities, and develop an evaluation framework for PES.

You can find a further exploration of these priorities by navigating
the links in the Dimensions of PES Wikispace.14

5. Engaging scientists in PES. Explore common goals for public
and scientist/expert participation in PES, research goals of past
or current participants, and share understanding of benefits.

Public Engagement with Science
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CHAPTER 3

Finding a good topic for a
Scientific
evidence
public engagement event can
be challenging and is often an
Good topics
iterative co-creation process
let people
use all
between the informal science
three
Social
Personal
educators and scientists. A good
values
experience
topic doesn’t have a right or
wrong answer. A good topic is
Components of a public discussion
when a strong topic is selected
one that is accessible enough
for participants to engage in and
also contribute ideas and information that is helpful to scientists.
There are more details about how to identify a topic in Chapter 4.

Planning and
designing a public
engagement event
By Caroline Lowenthal

This chapter provides a framework for an individual or organization
interested in hosting a PES event for some type of public audience.
The framework begins with how to define the goals and needs that
a public engagement with science event will cover, with guidance
on setting goals and outcomes. This chapter also addresses
identifying target participants and available resources. There is also
information on choosing the type of event to hold, preparing for the
event, recruiting participants, and assessing and following up after
the event. Examples are interspersed to illustrate the principles
described. Designing specific activities to use in public engagement
events is the subject of Chapter 4.

Framework for planning and designing
a public engagement event
1. Identify the need for the public engagement event
2. Set goals and outcomes, and define the audience
3. Identify the available resources
4. Choose the type of public engagement event to offer

Identify the need for the public engagement event

5. Prepare for the public engagement event

To be most effective, public engagement events should be designed
with a clear understanding of the overall purpose and goals for
the engagement, and who the audience will be. Informal science
educators should begin by identifying the particular community or
societal need the public engagement event hopes to address. The
need may come from the educator’s own institutional priorities, or
from those of project partners, community stakeholders, or clients
funding the work. A public engagement event should include some
combination of public and scientist participants.

Public Engagement with Science

6. Recruit participants for the public engagement event
7. Hold the public engagement event
8. Assess, reflect, and follow up
This framework for planning and designing a public engagement
event was adapted from a framework for the design of chemistry
communication events developed by the National Academies of
Sciences, Engineering, and Medicine.1 Another framework that may be
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useful in event planning is the Wellcome Trust’s Planning your public
engagement activities guide, which can be found in Appendix B.2

2. What will my participants find interesting, relevant, or engaging?
a. How can I find out what is relevant or of concern to them?
b. What prior knowledge will the participants have?

Set goals and outcomes, and define the audience

3. What participant-relevant goals and outcomes do I want to achieve?
a. What will the participants get from the event?
b. What can I learn from the participants?
c. How will I know if I achieve these outcomes?

Begin by setting public engagement goals and outcomes for your
target audience. Goals are broad statements tied to institutional
work, societal or community needs, or to the broad benefits of PES
activities (refer to Chapter 2: Strategic public engagement for more
on the benefits of PES activities). Outcomes are specific changes in
an individual, group, or community as a result of participation in the
engagement event or activity. Some types of public engagement
activities designed for citizen consultation must be framed carefully
to be neutral and represent a wide range of perspectives, but
most offered by science museums for public audiences are more
successful if they reflect the interests, needs, and characteristics of
the participants.

Science museum educators design and present other kinds of
programs for their public visitors all the time. Educators may wish to
design a public engagement event for one of their usual audiences:
subset of a current audience, or a different group altogether.
For groups that include adults and children of various ages, public
engagement events with multiple hands-on activities that can be
browsed are likely a better fit than longer dialogue programs.

EXAMPLE OF A PUBLIC ENGAGEMENT EVENT
DESIGNED FOR A FOCUSED AUDIENCE:

You may have different goals and outcomes for the public
participants and the scientist participants.

Teen Science Café Network

For each participant group, consider the following questions from
Communicating Chemistry1 to help tailor your event to your goals and
participants:

The Teen Science Café Network supports out-of-school
programs for teens to explore the big advances in science
and technology affecting their lives. Teens and STEM
experts engage in lively
conversations and activities
to deeply explore a topic.

1. Who are my participants?
a. Am I targeting a particular population segment or group?
b. Do different segments have different goals?
c. Why do I want to reach these participants?

Thomas E. Harrington Middle
School, Mount Laurel, NJ

Public Engagement with Science
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collected from the public audiences or participating scientists in your
event. Consider how this data will tie into the goals and outcomes set
for the PES event overall and for its participants. Refer to Chapter 5 for
more about evaluating public engagement outcomes and Chapter 6 for
ideas on disseminating the results from your event.

EXAMPLE OF A PUBLIC ENGAGEMENT EVENT
DESIGNED FOR A FOCUSED AUDIENCE:

Forest Science Dialogues

TWO EXAMPLES OF GOALS AND AUDIENCE-SPECIFIC
OBJECTIVES THAT MIGHT BE ASSOCIATED WITH A PUBLIC
ENGAGEMENT WITH SCIENCE EVENT:

The Forest Science Dialogues project of the Hubbard
Brook Research Foundation conducts events that
include scientists, foresters, landowners, and land
managers to foster engagement and learning related to
timely ecosystem, social, economic, and policy issues in
rural regions of New England’s Northern Forest.

Event type: Forum-style public dialogue program that encourages
in-depth discussion about a new technology for genetic engineering
and its applications.
Goal: To provide participants opportunities to learn about an
emerging science or technology and its societal impacts.
• Possible learning objective for an adult audience:
Participants learn that changing the genes of an organism
has been possible for a long time, but new methods and
technologies raise new societal and ethical questions.
• Possible learning objective for a teen audience: Teens gain a
new understanding of how the science and technology around
them affects their lives now and will continue to do so in the future.

Hubbard Brook Research Foundation, Woodstock, NH

• Possible learning objective for scientist participants:
Scientist participants learn about publics’ values and
experiences related to an emerging technology.

Scientist participants might be graduate or undergraduate students
from local universities, industry professionals, early career scientists
in research labs or the DIY community, among others. Each of these
groups will have different backgrounds and things that they find
compelling. It will be important to consider their perspectives as you
set your goals and plan your event.

Goal: To increase participants’ confidence in making decisions
and participating in public discourse about technologies that raise
complex societal issues by giving them practice in considering
different perspectives and sources of information in a deliberative
problem-solving environment.

An additional component of a PES event might include data collection.
It’s important to plan early in the process for what, if any, data will be
Public Engagement with Science
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• Possible learning objective for public participants:
Participants learn that everyone has valuable perspectives and
views to add to the conversation.

Physical resources such as:
• Space to use that is appropriate to the nature of the activity
or event

• Possible learning objective for scientist participants:
Scientists will have increased ability in public communication
and dialogue skills.

• Physical materials for hands-on activities and forums
• Tables, chairs, projectors, and other equipment that is
needed to hold an event

Identify the available resources

Perhaps the most valuable resources are partnerships with
individuals and organizations to:

The choice of audience and goals will help determine which resources
are best suited to support the event. Consider other PES projects and
informational resources, physical materials, and organizations and
individuals, including scientist experts. From this list of resources,
one can identify gaps and opportunities for an event. A gap might
be a content area not currently covered, a demographic group that
is underserved by the activities or event, or a lack of scientists to
facilitate hands-on activities. Once gaps have been recognized,
an opportunity exists to develop content or activities, reach new
audiences, or create partnerships to fill those gaps.

• help organize and present the public engagement event
• provide an appropriate space for the event
• incorporate the event into existing programming
• recruit constituents to participate
• supply materials to use during the event
• support the event with funding
• advise on content

Informational resources to support the engagement event:

• help create content

• Websites, guides, and other professional resources to
help guide event planning

• provide speakers for the event

• Printed background materials, images and videos, and
facilitation and engagement tools that can be used with the
participants or to promote the event

• provide facilitators for event dialogue
• develop their own resources to share
• receive ideas and information produced at the event

See Appendix A for examples of ready-to-use public engagement
tools available from existing PES projects.

Public Engagement with Science

28

Chapter 3: Planning and designing a public engagement event

Initiating these partnerships can be challenging. Start by
identifying who would make a good partner, and see if any
colleagues have contacts in the target organization. It’s usually
easiest to send an email asking for some time to talk on the
phone, although in some circumstances an in-person meeting
can be more appropriate. During the conversation, make sure the
potential partner understands what is being discussed, since this
type of public engagement may not be familiar to them. Don’t
assume they know anything about the core work of ISE institutions.
Discuss any financial considerations that may be relevant—will
the ISE institution have funds to cover the partner organization’s
participation? Or will the
partner organization be
expected to contribute
to the event? Be explicit
about what the partner’s
role will be in the event
and what they will be
expected to do, both
in advance and at the
event itself. Make sure
to consider and discuss
what they will get out
of their participation,
whether that’s support
for their mission,
publicity, an event for
their constituents, or
something else.

Public Engagement with Science

Useful references from the NISE Net include the Museum &
Community Partnerships: Collaboration Guide, 3 A Guide to Building
Partnerships Between Science Museums and University-Based
Research Centers,4 and Sharing Science: Workshop & Practicum for
Early-Career Researchers.5

Choose the type of public engagement event to offer
In preparing for a public engagement event, there are many different
formats to choose from. This may be a familiar type of engagement
event or an entirely new format based on the audience and goals.
The Building with Biology project,6 for instance, focused on two
different types, or formats, of public engagement with science
events. One brought public audiences and scientists together in
meet-the-scientist type mini-festival events that included hands-on
activities and stage presentations.
The other brought publics and scientists together at round tables for
longer dialogue discussions and deliberation about synthetic biology
and the use of genetic engineering to address environmental and
other challenges, and the related societal and ethical implications.
The primary goal of both PES events was to create conversations
between scientists and publics that both groups found valuable and
informative.
There are many other formats for PES events. A 2011 study by the
Museum of Science identified 11 types.7 Two formats used in the
Building with Biology project had complementary strengths and
weaknesses. Both formats facilitated conversations between publics
and scientists in which each learned from the other.

29

Chapter 3: Planning and designing a public engagement event

Eleven types of PES events

Two formats used in the Building with Biology project had
complementary strengths and weaknesses. Both formats facilitated
conversations between publics and scientists in which each learned
from the other.

from Dimensions of Public Engagement with Science Case Summary Catalog

1. Art and theater: the use of visual or performing artworks to
generate public engagement with science
2. Citizen science: using public participants as data collectors
and contributors for a research study
3. Exhibit(s): the use of exhibits to allow the public to learn
about/discuss public engagement with science topics
4. Festival: a large-scale event using many methodologies to
generate public engagement with science
5. Forum/science café: expert lectures and some kind of
discussion—ranging from Q&A to dialogue and deliberation—to
generate public engagement with science
6. Inquiry: engaging the public with science by participating in
or learning about experimentation and inquiry practices
7. Media (TV/radio/websites/movies): the use of a media
component to generate public engagement with science
8. Meet the scientist: giving scientists/engineers a chance to
present their work or field of study directly to public participants
through hands-on activities, classes, or stage presentations
9. On-site research: providing public participants with the
chance to become subjects of a research project at an informal
science education institution as well as the opportunity to learn
about the research
10. Reference: providing reference material about public
engagement with science through books and articles

Format 2: Forum/dialogue
program

Style: Multiple hands-on activity
stations facilitated by university
students and professional scientists
browsed by museum or science
festival family visitors

Style: Speaker(s), theater or
video presentations followed
by small-group discussions
of a policy-related socioscientific question

Strength: Accessible for many
visitors and a wide range of
ages, including family audiences,
scientists learn more about
communicating with public
audiences concerning science and
their research

Strength: Sustained
engagement, more in-depth
discussions, more interaction
among all participants,
scientists learn more about
publics’ views about science

Weakness: Shorter interactions,
facilitation by scientists requires
many scientists, generally
less-in-depth conversations
between the public and scientists

Weakness: Not suggested for
family audiences with children
younger than teens, requires
longer time commitment,
may require special audience
recruitment

It is important to note that some public participants may be
more comfortable with traditional presentation methods used in
public understanding of science (PUS) rather than PES. For these
participants, it may take some coaxing to get them out of their

11. Take action: engaging the public with science by teaching
them about a topic and trying to generate some kind of
behavior change

Public Engagement with Science

Format 1: Meet-the-scientist,
mini-festival of hands-on
activities
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comfort zones and into engagement. Sometimes PES advocates
believe that people want engagement and want to talk about their
own views, but that is not always the case. Event hosts need to create
a setting where people feel comfortable and prepared to engage.

voting, and more. Interactive features are crucial for PES projects.
Plan to bring in either external facilitators or train the people
who will be running the event to make sure they will not steer the
conversation or process according to their biases.
3. Plan for evaluation from the start, including plans for front-end
evaluation, formative evaluation, and summative evaluation. One
goal of the evaluation should be to find the right balance between
providing too much content (which can overwhelm participants)
and too little content (which can leave visitors struggling to
participate). Pre-engagement interviews with participants can help
define how much content is needed for a robust dialogue. Similarly,
plan to evaluate your content-presentation vehicles to see whether
they’re effectively communicating your content, and be prepared to
try something different if they’re not working.

Prepare for the public
engagement event
Once the goals and outcomes,
target audience, and format(s)
have been set, it is time for
the next steps in preparing for
your event. You may be able
to download all the materials
you need in the form of a
prepackaged kit of materials on
a particular topic. But in many cases you may need to prepare, or at
least assemble, everything you’ll need yourself. Later chapters in this
guide provide more details on developing hands-on materials, forum
resources, and evaluation tools.

4. Test the materials and engagement strategies in advance
through various methods, including front-end and formative
evaluation, dry runs, and possibly Team-Based Inquiry8 (Refer to
Chapter 5: Evaluating public engagement outcomes). Modify the
materials and strategies based on what is learned during pretesting.
5. Determine the method for recruiting participants and audience
members for the public engagement event.

Five steps to prepare for a public engagement event
1. Define the content that will be covered in the engagement event.
Develop a shared background document to use among educators
and scientists and a content map that lists the main goals and ideas
that will be covered in the event.

Depending on the type of event, it may make sense to bring in
external facilitators, as described in Step 2 above. These should be
individuals who are trained to facilitate conversations, rather than
experts on the topic the PES event is covering. Forum events are
more likely to require external facilitation than hands-on activities
where content experts can be the facilitators. If it is not possible or
desirable to bring in external facilitators, then at a minimum, the
conveners of the event should be trained in facilitating effective

2. Identify the vehicles that will be used to present the content and
the strategies that will be used for engagement. This may include
expert speakers, printed materials, videos, theatrical presentations,
hands-on materials, live facilitators, game-like materials, cell phone

Public Engagement with Science

31

Chapter 3: Planning and designing a public engagement event

engagement. This should include how to avoid having their personal
preconceived notions of what the dialogue should look like get in the
way of where the participants themselves want the experience to go.

After identifying potential scientists or connections, reach out by
email or phone to explain the opportunity and how they might be
involved. Be clear about the time commitment for the event and
any training leading up to it. Mention whether they will need to do
anything to prepare. Many scientists are excited to get involved in
their local science museum or ISE institution, so it can be helpful
to highlight that angle. If the target is graduate or undergraduate
students, offering science communication training can help make
the request more appealing (as will a free lunch on the day of their
participation, if that’s possible). If there is a scientist who seems
interested, ask if they know of others who might be interested in
getting involved. Another option is to email professors and ask
whether they would be willing to send their graduate students, since
it can be easier for them to volunteer their students than for the
students to volunteer themselves. Scientists working at companies
may be interested if there is an opportunity to promote their
company as part of their participation in the event. An easy way to
do this is to offer them a table at the event, which they can use to
have staff showcase their work or to put out materials that people
can browse. Consider what benefits of
participation in your event may be attractive
to each type of scientist, and offer those
benefits if possible.

Recruit participants for the public engagement event
Some types of PES events, like hands-on museum and festival
events, can be presented for regular science museum visitors.
Forums or dialogue programs require a different audience, such as
one without young children and where participants have a couple
of hours to commit to the event. Use what is known about the
target audience to adapt marketing strategies and attract people
to attend the event. Facebook groups, hobby or affinity groups, or
neighborhood email lists can be helpful marketing resources, in
addition to working with any partner organizations to market the
event to their members. For more about running hands-on museum
and festival events, see the Building with Biology Event Planning and
Marketing Guide9 and the 2015 NanoDays Planning Guide.10
Recruiting scientist participants
presents its own challenges. Depending
on what types of institutions are in the
area, it may make sense to reach out
to universities or colleges, companies,
community organizations, or government.
Try googling the topic of the PES event and
the name of the area and see what comes
up. Ask colleagues to see if anyone knows
of people working in or studying areas
related to the topic. Search the websites of
local universities and colleges.
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Citizen consultation events are a very
different type of event and may require
recruitment strategies that provide
demographic representation. For any type
of public engagement event, it may take a
special effort to recruit under-represented
audiences to participate.
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Hold the public engagement event

always expectations that develop during these new relationships,
especially regarding follow-up communication and engagement. It’s
important to try to recognize those expectations and to think about
how institutions and individuals can help meet those expectations.

If the preparation is done well, the ISE organizers may not have
much work to do during the actual event. Make sure to build in
plenty of flexibility, redundancy, and backup plans for if and when
things don’t go according to plan. Consider what will happen and
what adaptations will be necessary if certain key people don’t show
up, if speakers talk for longer than they’re scheduled, and so on. In
advance of the event, make a list of people who will be available to
help at the event and their roles, including if those roles change at
different times during the event.

Assess, reflect, and follow up
After the event, complete any evaluation that was planned. Discuss
the outcomes of the event with partners and make plans for future
engagement activities. Did the public engagement event achieve its
goals and outcomes? Consider what went well and what you would
change for future events. It’s helpful for the event planning team to
have a debrief session to go over lessons learned. Collect and review
the opinions and views expressed by participants, and discuss the
ways you will use them. Consider how they reflect the event’s goals
and outcomes identified during the development process. To learn
more about evaluating PES events and ways to disseminate event
outcomes, refer to Chapters 5 and 6, respectively.

Public engagement with science depends
on relationships. PES activities build new
relationships between scientists and
stakeholders, between PES practitioners
and scientists, and between PES
practitioners and stakeholders.

Public engagement with science depends on relationships.
PES activities build new relationships between scientists and
stakeholders, between PES practitioners and scientists, and
between PES practitioners and stakeholders. No matter how clearly
the scope and goals of an engagement activity are defined, there are
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What can go wrong
Scientists are not prepared or do not want to listen to the public—
scientists may feel like they should be the experts and convey their
knowledge to the public. Make sure they understand that their role in
the event is to listen. It may help to share this quote from the National
Academies report Communicating Science Effectively:11 “How best
to engage the public under different circumstances and on different
issues is an important empirical question that merits additional
research. What is known now, though, is that public engagement
often is essential for acceptable decisions about science-related
controversies. It is clear as well that even when an issue does not
involve a widely known controversy, science communication is more
effective when scientists are willing and able to listen carefully and
respectfully to different points of view.”

Sometimes doing PES is challenging. PES practitioners learn many
lessons the hard way. Here are some examples of things that could go
wrong and how to head them off before they happen.
Not meeting expectations of participants—people come in
with expectations that may not be aligned with the purpose of the
event. Be clear about setting expectations and goals for the event
in marketing material and in any communications in advance of the
event. Will participants be expected to do some work and provide
their own input? Will they contribute to outcomes or products? Also
make sure they’re getting enough benefit out of their participation,
especially if they’re expected to do work.
Agenda is too ambitious and people run out of time—it’s tempting
to include a lot of components in an event or activity. Assume you
have too much and try to cut back. One thing that can help is sharing
a draft of the proposed agenda with a former participant to see what
they think. Make sure your agenda is well designed and thought
through to have enough small-group time, but also enough time as a
whole group.

People get upset or off-topic, and facilitators (if present) are
unprepared—facilitators might (even unintentionally) be biased,
especially if the discussion gets off the primary topic. They might also
be insufficiently skilled to get the conversation back on track if people
are upset or off-topic. Make sure that the facilitators have enough
training to adapt to situations as they come up, and that they know
what to do if they get into a situation they can’t handle. Can they call
on the lead facilitator? Can the event coordinator come help?

No one shows up—if there aren’t enough members of the public at
the event, the event may feel disappointing to the organizers and
pointless to any scientists who participate. Make sure there is enough
publicity about the event in advance and recruit audiences who are
likely to be interested.

Materials or scientists have wrong or too much/too little
information—there is always a tension between providing enough
information that people can have an informed conversation and
overwhelming them with too much information. Decide how much
content to provide and test it in formative evaluation.

No scientists/too many scientists—it’s not PES if there are not
scientists at the event, but too many can overwhelm members of the
public and make them feel like they can’t participate. Try to estimate
how many members of the public will attend, and make sure there are
enough scientists to interact with them. If there is a lot of interest from
scientists, it may be necessary to cap the number who can participate.
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CHAPTER 4

science to use in people’s daily lives and include values and life
perspectives that non-scientists can contribute to the discussion.
They include discussion of:

Planning and
designing a public
engagement activity

• Societal and environmental impacts
• Personal, community, and societal values
• Institutional priorities and public policy

By Caroline Lowenthal

Good topics lead to discussion of questions that scientific data
and analysis cannot answer on their own. They reflect authentic
decision-making priorities for decision-makers and stakeholders,
while remaining broadly accessible and engaging to a wide audience.
A good PES question is robust, meaning a decision cannot be made
in five minutes. The question should require some specific scientific
knowledge as an input and have background materials readily
available for use as a resource in the decision-making process.

This chapter goes into detail about how to plan, design, and revise an
activity for public engagement. It primarily covers hands-on activities
and forum conversation activities, as well as briefly mentioning
citizen consultation activities. Examples are included from the
Building with Biology project, as well as other projects.

Characteristics of public engagement with science
activities that differentiate them from public
understanding of science activities

EXAMPLES OF GOOD PES QUESTIONS IDENTIFIED
FROM THE BUILDING WITH BIOLOGY PROJECT

Three characteristics of activities
designed for public engagement
with science (PES) make them
distinct from activities designed
for public understanding of science
(PUS): topic, public participation,
and scientist participation.

Hands-on activities:
• Would you eat bioengineered foods?
• Which applications of synthetic biology are most
important?
• How can we make wheat more useful?

Topic

• Should toolkits of genetic parts be available for
everyone to use?

PES activities address socio-scientific topics rather than topics
focused solely on science. They involve conversations about putting
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Public participation
PES activities require that public participants are involved in an active,
meaningful way, contributing their knowledge and perspectives. As
part of a PES activity or event, members of the public may:

• What might happen if genetically engineered
organisms get out into the wild?
• What diseases should we focus on curing?

• Talk and share views

Forums:

• Deliberate and solve problems together

• Should we engineer the mosquito to reduce disease
transmission?

• Produce recommendations

• Should we edit the genome? When, why, and how
much?

EXAMPLES OF PUBLIC PARTICIPATION
IN PES ACTIVITIES
• As part of the “Race: Are We So Different?” exhibit,
the North Carolina Museum of Natural Sciences ran
Cultural Conversations informed by the exhibit,
where participants talked and shared their views in a
facilitated discussion.1
• During Pacific Science Center’s Community Science
Forums, participants deliberated on topics like
transportation and waste reduction to come up with
challenges and opportunities in their neighborhoods.2
• The World Wide Views project brings together citizens
from all over the world to produce recommendations
for the United Nations on topics like climate change and
biodiversity.3

In the Building with Biology kit's Bio Bistro activity, visitors are asked which
bioengineered foods they would eat, which they would need to think about, which
they would definitely not eat, and why
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Scientist participation
PES activities engage scientists as participants in multidirectional
communication with publics. This can include co-creating a question
or topic for the public engagement event. Before, during, and after a
PES activity, scientists may:

EXAMPLES OF SCIENTIST PARTICIPATION
IN PES ACTIVITIES
• Pacific Science Center’s Portal to the Public works
with scientists to bring them together with public
audiences for meaningful conversations and activities
around current science research. Scientists are
prepared for these experiences through communication
training to improve their skills.4

• Work to improve their public science communication skills
• Welcome and value input from public participants
• Act on input from public participants
Sites hosting an event can help scientists with these tasks by
providing orientation and training for communicating with the
public, and by guiding scientists to think about what input from the
public might be most useful for them, along with how they might use
the input.

• The Building with Biology project involves two-way
conversation between scientists and members of the
public in which scientists welcome and value input from
the public on applications and uses of synthetic biology
through hands-on activities and forum discussions.5
• NASA scientists acted on input from the public as a
result of two public forums hosted at the Museum of
Science in Boston and the Arizona Science Center in
Phoenix, in which the public weighed in on NASA’s
priorities for asteroids.6

Developing hands-on activities that support PES
To support the PES goal of mutual learning, the best hands-on
PES activities allow public participants to touch, manipulate, use
tools, and create things with the assistance of a scientist who
facilitates the activity and talks with the participants. While either
scientists or informal educators could develop activities of this sort
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themselves, there are benefits from working together to co-create
the activities. Most useful is for scientists and informal educators
to develop a set of shared goals and outcomes for the activity,
covering content and learning outcomes for both public and expert,
or scientist, participants. This helps assure that scientific content and
educational pedagogy will play supportive roles in the design of the
activity, and that there is a mutually agreeable plan for learning by
both public and expert participants.

to provide them with event logistics and the details of the activity
they will be facilitating. If possible, the team can also provide an
in-person or online orientation and science communication training.
This training should include not just how to talk about their work,
but also how to listen to the public and engage in multidirectional
conversation. For the Building with Biology project, this training was
included in orientation materials designed by AAAS, which helped
convey the rationale and methods for PES. In the case of forums,
scientists do not facilitate directly, so it is important to make sure
they understand their role. In general, scientists participate in forums
to listen and discuss people’s values on scientific issues, on an equal
footing with public participants.

Developers will need to
consider how the activity will
support PES, using questions
that address societal impact,
values, priorities, and policy.
The activity should put
visitors in the role of making
choices and discussing the
reasons for their choices.
It should be designed to
be facilitated by scientists,
though it may be facilitated
by museum staff or volunteer
educators. In addition to supporting conversations between public
participants and scientists or educators, hands-on activities that
support PES should raise or suggest questions that focus not only
on what and how but also on why and should. When designing the
activity, keep in mind that analogies, pictures, animations, and
physical objects can help the public make sense of the science.

As part of the activity development, it is important to include a
plan for evaluation that will allow for revising the activity based
on feedback. Chapter 5 focuses on evaluating public engagement
outcomes.
Three phases of evaluation used in developing activities
1. Front-end evaluation—includes gathering information about what
the public already knows about the topic and what they think of the
idea you have for the activity, before you get into developing it.
2. Formative evaluation—includes testing the activity with members
of the public, getting their feedback, observing where they have
difficulty or get confused, and then using that data to make changes
to the activity.
3. Summative evaluation—includes finding out how well the activity
achieved its outcomes and may inform the development of the next
activity.

When the PES event is being planned, the organizers should plan to
recruit scientists or science students to facilitate the activities and
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Building with Biology Kit Activities
The Building with Biology Kit includes activities that address questions
of societal relevance that may be useful examples in developing an
activity.
1. In the See DNA activity guide, scientist facilitators are encouraged to ask
visitors what changes we could make to a wheat plant’s DNA to make it
more useful to us.
2. In Bio Bistro, visitors are asked which bioengineered foods they would eat,
which they would need to think about, which they would definitely not eat,
and why.
3. In Kit of Parts, visitors combine colored blocks that represent biological
parts made of genes that do different things. The scientist facilitators
ask the visitors if they think the real toolkits of genetic parts should be
available for everyone to use, or if use should be restricted.

Kit of Parts

4. Super Organisms compares genetically modified micro-organisms to
superheroes with superpowers. What could happen that no one planned
for if their super organism was let out into the wild?
5. With Tech Tokens, visitors indicate which applications of synthetic biology
they think are important and would like to see developed. Then they
read a description of someone else in the world and try to imagine which
applications that person would choose.
6. In VirEx Delivery, visitors make a model of a virus to cure a disease of their
choosing and are asked how they chose which disease they wanted to
cure and what else they might want to reprogram viruses to do.
Super Organisms
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Developing forums for dialogue and deliberation

better than “Should we provide cognitive enhancing drugs to all
college students?” (a question to which most people say no).

There are five elements of a forum experience for participants:

Facilitating the conversation

1. Discussion of a socio-scientific question that science cannot answer
on its own

Once the question is
determined, the next step is
to create the materials that
will be used in the discussion.
A facilitation mechanism
is needed to prevent the
conversation going off
track or being dominated
by any one participant.
An early decision to make is whether there will be facilitators or
printed materials at each table to guide participants through the
discussion. Live facilitators can be trained professionals, students,
museum staff, or volunteers. They are responsible for keeping
track of time and making sure that all voices are heard. In a selffacilitated game-like format, background knowledge can be shared
by participants who take turns reading info cards, which gives
everyone a speaking role from the start. You can use cards, a game
board, or time limits, among other tools, to facilitate the discussion.
The resources in Appendix B may be useful in the development
of materials. In particular, the Everyday Democracy guide How
to Develop Discussion Materials for Public Dialogue7 includes
useful content. Make sure that scientist participants understand
that they do not facilitate forums, but rather listen and discuss
people’s values on scientific issues, on an equal footing with public
participants.

2. Multidirectional conversations including diverse perspectives
3. Basic shared background knowledge on the topic to inform the
discussion
4. Being explicit that public participants have valuable knowledge
to share
5. Reporting out of resulting views
Framing the question
The development of a forum begins with the process of determining
the overarching question that participants will discuss. The design of
the question can influence the success of the discussion. A successful
discussion is more likely to result from a question that is not strictly
scientific, but rather starts from a scientific background and depends
on participants bringing in their own values and experiences to
help them answer it. This is the difference between “Do vaccines
cause autism?” (strictly a scientific question) and “Should we allow
parents to opt out of vaccinating their children because of their
personal beliefs?” (a socio-scientific question). Similarly, a successful
discussion is more likely to result from a question where people
disagree than where almost everyone agrees. For example, “Should
we genetically engineer mosquitoes to be worse at transmitting
disease?” (a question on which people tend to disagree) will work
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free of scientific jargon, and as balanced and unbiased as possible. It’s
best if one scientist or more can review any materials or presentations
that have been created for accuracy before sharing them with the
public. If the event will include expert speakers, choose people who
are comfortable speaking with a public audience, and instruct them to
avoid scientific jargon and overly technical details.
Valuing public participant contributions
Being explicit that public participants have valuable knowledge to
share is an important part of any forum, beginning with the design
of the question, continuing through the language and images used
for marketing the event, and specifically stating this as part of the
welcome to the event. A forum topic that invites people to bring in
their personal values and experiences welcomes participation. When
marketing the forum event, be explicit that it will be an interactive
experience. Phrases like “Share your views,” “Have a conversation,”
or “Add your voice” work well.

Play Decide uses illustrated self-facilitation guides so that the materials
can be used internationally regardless of the language participants speak8

Shared background knowledge
Shared background knowledge can come from a variety of sources,
such as printed material, live presentations, videos, or theater. If
developing a forum, think about what resources are already available
or can be created that will give participants a shared background on
the topic. This choice may depend on several factors such as time
or money to create materials or a theater performance, access to
scientists or experts
who can speak on the
topic, or whether videos
or other materials exist
that convey the desired
information. Whatever
type of material used
for the background, its
presentation needs to be
Printed materials provide additional information
easily understood by a
and help to facilitate and organize small-group
general public audience,
conversations
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The more people that can be recruited with diverse perspectives, the
richer your discussions will be. This includes members of the public
as well as scientists. It’s ideal if there can be both members of the
public and scientists at every table for small-group discussions. It’s
important to make sure that public participants feel empowered
to speak and share their views with the scientists, and that they
don’t hold back their own perspectives and defer to the experts.
The goal is a multidirectional conversation, with all participants
listening to each other. The forum host can encourage this explicitly
in the welcome, include it on materials on the tables, and if using
facilitators, have them remind participants that all views are valuable
to the conversation.
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Reporting out of resulting views

Citizen consultation activities for direct policy input

One goal of multidirectional conversations among participants with
diverse perspectives is for new views to emerge from the discussions.
Depending upon the design of the forum activity, those resulting
perspectives may be in the form of individual views or collective
views. Report-out mechanisms at the end of the discussion help
collect participant views and add meaning to the activity.

Modified forum programs can provide policymakers with public input
for governmental or institutional decision-making. Development of
the type of forum programs described in this chapter was originally
inspired originally inspired by Citizen Consensus Conferences
organized by the Danish Board of Technology. Such consultations are
really research activities for policy clients rather than educational
programs to teach the participants, though participants learn a lot
from their involvement. Rigorous attention to a variety of details is
needed to ensure scientific validity of the outcomes, such as testing
of background materials and processes for biases and recruitment
of demographically representative groups of participants. Details of
adapting forum programs for citizen consultation are not addressed
in this guide, but to learn more about this kind of activity see the
World Wide Views and ECAST resources in Appendix A.

Some options for reporting out at the
end of a forum activity
• Table reporters: Have one person from each table report on
the table’s discussion and conclusions.
• Cell phone voting: Participants can individually vote on a
question using text message voting.
• Game board collaborative worksheets: As a group, each table
can write their own policy, recommendation, or other type of
narrative.
• Individual worksheets: "Participants can write their own
answers to a question or prompt.
• Online posting of data: Individually, by table, or as a whole site,
participants can post their results online in some sort of data
aggregator.
• Gallery walk: Tables can post their results on walls or easels
and walk around to look at others’ results.
• Policy/scientist recipient of views: In addition to any of the
above options, it can enhance participant experience to have
a policymaker or scientist there to “receive” the results of the
discussion in some formalized way.
Public Engagement with Science

Report-outs from every table share collective thoughts
about the question posed
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CHAPTER 5

Evaluating public
engagement outcomes

Evaluation resources for informal
education projects
The Center for Advancement of Informal
Science Education’s evaluation website2 shares
evaluation reports as well as guidance for
conducting evaluations.

By Katie Todd, Sarah Pfeifle, and Elizabeth Kunz Kollmann

Overview of public engagement evaluation
This chapter shares resources and discusses special considerations
for evaluating public engagement with science (PES) events or
activities. It focuses on defining appropriate outcomes for PES and
selecting the right methods for measuring those outcomes.

The National Informal STEM Education
Network has a range of research and
evaluation resources and shares reports
about its projects. The Team-Based
1
Inquiry approach to formative evaluation may be relevant
for sites looking to get started.

Evaluation of PES activities is similar to other evaluation in the informal
education field in that the process involves identifying the focus of the
evaluation, planning for data collection, gathering data, making sense
of the data, and sharing it
with relevant stakeholders.1
While the majority of this
Developing goals and
formulating evaluation questions
chapter focuses on PESspecific evaluation, general
resources about evaluation
Selecting or creating appropriate
measures for data collection
of informal education
endeavors are easily
Collecting data
available to professionals.
These resources are
relevant to evaluation of
Analyzing and reporting
on the data
PES activities and especially
helpful for those who are
Stages of the evaluation process
new to evaluation.

The Visitor Studies Association focuses
on research, evaluation, and dialogue
that foster understanding and enhance
the quality of informal learning
experiences. The organization hosts an annual conference
and publishes the bi-annual Visitor Studies journal.

1
2

Evaluation search terms: front-end evaluation, formative
evaluation, remedial evaluation, summative evaluation,
team-based inquiry, evaluation plan

3

Public engagement with science search terms: public
engagement with science, forum, dialogue, deliberation,
societal and ethical implications, science and technology

4
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Distinctive characteristics of PES evaluation

program—must be identified. Traditionally, ISE activities have focused
on impacting public participants.3,4 Since PES is about mutual learning
among all participants, planners of PES events should consider
multiple professional audiences including but not limited to:

There are two key things that differentiate evaluation of public
engagement with science activities from other informal education
evaluation:

• Scientists
• Informal education professionals
• Policymakers

1. Audiences: The purpose of PES is to foster mutual learning
between scientists and members of the public. To measure
the full scope of PES, data collection should usually include
both audiences (and sometimes more than two, if applicable—
consider event hosts, policymakers, etc.).

Writing goals for each target audience
Broad goals may overlap among
audiences, but the specifics will
likely differ. For example, the PES
project team may set learning
goals for both public and scientist
participants, but the focus of that
learning might be scientific content
for the public and science communication skills for scientists. The
following page shares examples of PES goals for scientist, public,
and informal education audiences. It is best to focus on a short list of
objectives. Fewer goals allow for more intentional program design,
which leads to stronger outcomes. The goals should be realistic and
appropriate: if the program does not discuss ways participants could
follow up afterwards, selecting a goal about follow-up behavior is
inappropriate. Certain interactions may better support different
outcomes, as well. Participants in Building with Biology hands-on
activities reported greater learning about content knowledge, while
forum participants indicated greater learning gains about what other
people think about synthetic biology.5

2. Goals: PES goals can include content learning, as is typical of
many informal education evaluations. However, measuring
content learning may not be appropriate for scientists and is
only a piece of what PES can achieve. Other goals for PES focus
on engagement, interest, or changes in behavior.2

Setting goals: Identifying target audiences
The first step of a PES evaluation process is to work with the project
team to identify goals for the PES endeavor. This should happen
early, often when writing a grant or during the planning stages for the
event or activity. Chapter 3 talks about the broad goals of the PES
event. The evaluation should document these goals and record how
PES aligns with the organization’s mission and vision. This will allow
the team to use data to track how well the PES endeavor follows the
organization’s values throughout the evaluation.
To construct the evaluation, the project’s broad goals need to be
specified to the key components that will be investigated. Additionally,
the target audiences—the people who will be involved in the PES
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Sample evaluation goals
For public participants

For informal educators

For scientists

• Learning: This could include
traditional learning goals (content, career
awareness, etc.), as well as learning
others’ perspectives or how science
involves societal and ethical implications.

• Skills: Educators could build capacity
and confidence in:

• Communication skills: This could
be the ability to tailor a message to
different audiences, make content clear
and relevant, or increase confidence in
science communication.

• Creating and facilitating PES
activities

• Value: The public could value things like
participating in PES, learning, the topic’s
relevance, or enjoyment.

• Leading PES events

• Participation: Public audiences could
contribute knowledge, practice skills, or
engage in dialogue.

• Building partnerships that meet
community needs

• Interest: Goals could be about changes
in participants’ interest in the topic or
engaging in PES.
• Behavior: This might be participants’
intention to pursue future learning,
additional PES participation, certain
education or careers, civic participation
opportunities, or other scientifically
informed actions (recycling, etc.).

• Incorporating societal and ethical
content into informal education

• Behavior: Sites may have increased
interest in holding future PES events.

• Value: Like the public, a goal might be
to have PES be a valuable or enjoyable
experience for scientist participants.

• Learning: Informal educators may
know more about resources for leading
PES activities.

• Quality of engagement: This looks
at how scientists engage with the
public, including the amount of two-way
dialogue, the extent of interaction, etc.

• Organizational change: ISE
institutions may develop a culture of PES,
gaining a reputation as conveners of PES.

• Interest: Scientists likely already have
interest in the scientific topic, but there
may be increased interest in PES.
• Behavior: For scientists, this may
be future participation in PES or
incorporating public input into scientific
research.

• Developing trust: A goal might be
that participants see scientists and the
scientific field as a trusted authority.
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• Learning: Scientists may learn about
public participants’ prior knowledge,
perspectives, and priorities about
scientific research and applications.
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Writing evaluation questions
Once the goals are set for each of the target audiences, the next
step should be to state the evaluation questions. Each evaluation
question should be directly related to the goal. The way the question
is framed depends on the phase of evaluation being conducted.
In the informal education field, evaluation is often categorized
into front-end, formative, and summative stages, as shown below.
Other common evaluation types may be relevant depending on
your activity. For instance, remedial evaluation could be applicable
for a PES exhibition or other lasting experiences, but may be less
appropriate for a one-time event. While some large-scale projects
may undergo multiple stages of evaluation, smaller activities may
choose to do only one or two, based on the team’s needs and
funders’ expectations.
FRONT-END
EVALUATION

FORMATIVE
EVALUATION

SUMMATIVE
EVALUATION

Takes place before
products are
created, gathering
information to
inform the project's
direction.

Tests prototypes or
early versions of a
product to gather
feedback that is
specifically designed
to improve future
iterations.

Conducted at the
end of the project,
this phase assesses
how successfully
the project met its
goals.

EXAMPLE:

Front-end evaluation informs training
materials for scientists
Front-end evaluation can help you make data-informed
decisions. For example, a series of interviews could
gather data from local scientists to learn what experience
they have with outreach, and how their experiences are
different from PES. This could help identify what types of
training would meet scientists where they are and help
them feel prepared to lead the type of interaction set forth
by the activity goals.
Goal: Scientists will feel prepared to lead PES activities.
Front-end evaluation question: In what ways are
scientists engaging in outreach? How, if at all, is their
experience different from PES?

Types of evaluation

The following boxes share some specific PES examples of how one
could turn a goal into an evaluation question for each evaluation
stage. As mentioned previously, each study might address several
goals and have a range of evaluation questions.
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EXAMPLE:

EXAMPLE:

Formative evaluation improves
facilitation support

Summative evaluation assesses
broad learning

Formative evaluations test drafts of programs in order
to gather data that will help improve the materials.
For example, a formative evaluation could share
draft facilitation guides or training materials with
potential volunteers and ask them to identify areas for
improvement.

In a summative evaluation, a PES project might want to
know whether people learned from the experience. While
a traditional public understanding of science (PUS) project
might look at content learning around facts, a PES project
could look at learning about other people’s views, societal
and ethical implications, and more.

Goal: Activity guides will stand alone so volunteers can
lead the activity without additional training.

Goal: Participants will gain knowledge about how science
impacts society.

Formative evaluation question: Which aspects of the
activity guide, if any, are confusing for volunteers or
facilitators? What other information, if any, do facilitators
need?

Summative evaluation question: To what extent do
informal education professionals learn about conducting
PES activities? To what extent do scientists learn about the
public’s views? To what extent do public participants learn
from the materials? From other participants? What types
of learning do these audiences gain?
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The previous boxes shared example questions for each evaluation
stage, and focused on a single audience. An evaluation study will
typically have multiple evaluation questions and there should be
questions that address each target audience. Depending on the
scope of the evaluation, studies often address between two and five
evaluation questions per audience. The fewer questions you have,
the more focused the study will be; more questions may cover more
topics, but think hard about what can actually be accomplished
well. Especially when evaluating public outcomes, response fatigue
sets in if too many questions are asked. If evaluation questions
are kept concise, it will be easier to keep evaluation instruments
manageable as well, leading to happier evaluation participants and
higher-quality data.

and remain internal to the ISE institution may be exempt from IRB
oversight. However, even in these cases, it is best practice for anyone
handling data or interacting with human subjects to complete
human subjects training. NIH and CITI have human subjects training
courses that certify professionals in best practices for protecting
human subjects.
PES audiences require protection in the following ways:
• Scientists: Experts who agree to participate in PES activities
may comprise a small sample and so may be identifiable by
activity developers. This makes it difficult to make scientist
data truly anonymous. Therefore, evaluation protocols need to
include measures to ensure confidentiality for this group.
• Publics: Evaluation plans should ensure anonymity to public
participants as much as possible. Their participation is
voluntary and should not affect their relationship with the
institution. Additionally, data collection should not hinder
their experience, especially if they paid to attend the PES
event. Avoid overly burdensome (i.e., long, confusing,
intrusive, etc.) data collection. Additional considerations
should be made if collecting data from minors. Consent needs
to be obtained from a parent or guardian while assent is
gathered from the child.

Ethical considerations of PES evaluation
ISE evaluation projects that aim to create generalizable information
or that use federal funding will likely require the approval and
oversight of an Institutional Review Board (IRB). The purpose of IRB
protocols are to ensure
that research projects
consider how they are
gaining consent from the
people they are collecting
data from and whether
the data they collect is
overly invasive or risky to
participants. Evaluations
that exclusively serve to
help teams understand the
impacts of the program
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• Informal educators or policymakers: Evaluation plans should
ensure that professionals’ participation in data collection does
not affect their employment status, and that their supervisors
will not be informed of their responses or their choice to
participate. These considerations are important for paid
participants as well as volunteers.
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Methods for evaluating PES

• Focus groups: These group conversations mimic the format of
some PES activities, and can thus sometimes fit seamlessly at the
end of a program. Examples include:

Once evaluation questions are confirmed, one should develop a
plan for collecting data. The appropriateness of different evaluation
methods depends on the scale of the project, the evaluation
questions, the audiences, and the type of program that is being
evaluated. The following are types of instruments that could be
useful in evaluating PES events and activities:

• Formative evaluation discussions about areas for improvement
right after a group finishes the pilot forum.
• Discussion among facilitators who led activities to share
challenges and successes in facilitation that could be
addressed in future training materials.

• Surveys: Surveys can gather self-reported data from many people
in little time. Some examples could include:

• Observations: Observational data is collected as participants
experience the event without any extra effort from them. Examples
of PES include:

• Pre- and post-surveys completed by scientists that assess
change in perceptions about the publics’ ability to engage with
scientific concepts.

• Assessing the quality of engagement by observing the balance
of conversation between publics and scientists (do both share
opinions/ask questions?).

• Follow-up surveys completed by publics that ask about
any behavior changes that may have resulted from their
participation in the PES event.

• Counting how many people participate in each activity to learn
about the overall reach and popularity of individual offerings.

• Exit surveys that ask participants which activities they did.

• Embedded data collection: You can incorporate data collection
into a PES event by collecting materials participants leave behind
after engaging with an activity. This method is less formal in that
contextual information, such as demographics, is not collected and
parameters about how to answer questions may not be enforced.
As a result, this data can be challenging to analyze. Examples
include:

• Interviews: Interviews provide in-depth qualitative responses. PES
examples include:
• Front-end interviews with scientists about topics they would
be interested in discussing through a PES format.
• Formative discussions with individual educators about how
the activities could be improved so they’re easier to facilitate.

• Worksheets from forum participants.

• Follow-up interviews about how the PES event may have
changed an organization’s culture.
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• Responses to a question on a graffiti board.
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An analysis of existing PES evaluation instruments found that surveys
were the most common. Most projects collected data following the event,
with a minority using pre-post designs or process instruments.4
After deciding what type of instrument best suits a PES program, one
can develop an instrument from scratch or use or adapt an existing data
collection tool. Diamond, Luke, and Uttal’s Practical Evaluation Guide
outlines valuable guidance around these decisions.6 Basic information
about creating a tool can be found in the Team-Based Inquiry Guide.1
There is a function on www.informalscience.org that allows you to search
for existing instruments. AAAS and Karen Peterman Consulting have
developed two validated scales for PES, including one about scientists’
outcome expectations7 and one for scientists’ self-efficacy for PES.8
The Building with Biology project tested
multiple methods during its pilot phase. The
box on the right summarizes the results.
The evaluation team selected these three
methods because all three could address the
same evaluation questions about learning,
interest, and value. The three survey types
used the same questions and gathered data
that was comparable in quality. In the end, the evaluation team pursued
passport data collection. This method required enough staff to distribute
passports and collect surveys, but it was easiest for the data collectors
and had the least burden on participants because the survey was built
into the activity. When visitors had completed their passport by collecting
stamps for doing PES activities, they could return to the passport station,
fill out a survey, and receive a temporary tattoo as a thank-you. Group
members could take their passports home, as well. The project team also
felt the passport activity was a positive guide that encouraged authentic
PES with an embedded evaluation task.
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Building with Biology testing
of evaluation methods
To learn about the affordances of evaluation methods
for public participants in PES, the Building with Biology
evaluation team pilot tested three ways of collecting data:
1. Email addresses and an online survey: Data
collectors gathered email addresses from public participants
on a signup sheet and people were sent an online survey
via email. This method generated the highest number of
surveys per hour of data collection, but sites reported it was
“somewhat difficult” to ask people for email addresses.
2. Paper surveys: Local data collectors asked visitors to
complete paper surveys at the end of their experience. This
method collected fewer surveys per hour than the online
survey, and was rated as the most difficult.
3. Passport with survey: This method involved
participants filling out a “passport” during the event. Adult
visitors were encouraged to complete a survey when they
completed their passport. The result was the same number
of surveys per hour as the
paper survey, but data
collectors rated it as the
easiest method of
the three.
Collect as many

Ask a volunt

stamps as you

eer to stamp

your passport

TALK TO A

can!

each time you:

SCIENTIST

about synthe

tic biology

SHARE YOUR

about synthe IDEAS
tic biology
on the grafﬁti
board

Synthetic biology combines
tools from biology and
engineering to try to provide
solutions to problems in areas
such as food security,
healthcare, energy, and the
environment.

Find a volunt

eer and

ASK A QUES

about synthe

Talk to a volunt

eer about
LIKE AND DON’ what you
T LIKE
about synthe
tic biology

Building with Biology
passport activity

How many
stamps
Try to gathe
r at least one can you collect?
stamp in each
box!

www.buildingwithbiology.org

with
of the Multi-Site Public EngagementScience
National
This activity was created as a collaboration
This project was supported by the
Science—Synthetic Biology project.1421179. Any opinions, ﬁndings, and conclusions or
Foundation under Award Number program are those of the authors and do not
recommendations expressed in thisFoundation.
necessarily reﬂect the views of the

TION

tic biology

Event Passport
#buildingwithbiology

Chapter 5: Evaluating public engagement outcomes

General tips for PES evaluation
There are many considerations when planning and conducting an
evaluation for a public engagement with science activity or event,
but the process need not be onerous. Keep the following tips in mind
for a seamless evaluation:
• Include multiple audiences in the goals and data collection in
order to evaluate the full scope of PES. Audiences might include
publics, scientists, educators, policymakers, or others.
• Set realistic goals based on the program’s design. A 5-minute
hands-on activity is unlikely to lead to lasting behavior change,
but a full-day forum program might.
• Consider multiple aspects of PES when setting goals, including
learning, values, skill development, behavior, and more.
• Select methods that are appropriate for the activity. If
studying learning, a survey or interview is typically preferable to
observation. A 15-minute interview about a 5-minute activity is
generally inappropriate.
• Minimize burden on respondents and data collectors.
Participating in evaluation should not detract from the
experience; higher-quality data is often received from a short,
focused protocol.

When developing a PES program, fewer learning
goals allow for more intentional design, which leads
to stronger outcomes.
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Dissemination to professionals interested in PES

CHAPTER 6

Disseminating public
engagement outcomes

Public engagement with science as a form of participatory
democracy is still new to many ISE professionals and scientists, so
there is a need to share purpose, goals, practices, and evaluation
strategies for PES. For professionals who are already interested in
public engagement, sharing both materials and content, as well as
lessons learned and evaluation results, can be extremely valuable.

By Caroline Lowenthal and David Sittenfeld

Individual PES events may directly involve a relatively
small number of participants. Organizers may want
to share the outcomes with professional and public
audiences beyond those who participated. This
chapter covers methods for disseminating work done
through PES projects to a variety of audiences that
may be interested in the specific topic of an event or
in the process of PES itself.

Possible ways to disseminate project results include through online
websites and platforms, professional conferences or professional
organizations, or publishing in a range of journals. Specific examples
are provided below.
Online dissemination
Various websites allow for posting of digital materials, guides,
evaluation results, methods, and lessons learned:
• The Public Engagement with Science website1 includes
examples of various PES projects, including the Building with
Biology project.

Organizers may want to:
• Tell colleagues and other professionals about their PES project
as others may be interested in doing similar work themselves
and want to learn about how to do it.

• The Association of Science-Technology Centers’ (ASTC) Public
Engagement with Science Community of Practice is an online
space to have discussions and share resources with ISE
professionals associated with science museums.2

• Share with other scientists or policymakers the views from
dialogue with public audiences about issues related to societal
priorities and science and technology issues.

• The Trellis Public Engagement with Science Group, through the
American Association for the Advancement of Science (AAAS), is
an online networking platform that provides the opportunity for
discussions among scientists, public engagement practitioners,
and researchers who study public engagement.3

• Share with public audiences outcomes from the PES event or
activity to help inform their own views about issues discussed or
simply to know that they were discussed.
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Dissemination through professional journals

• The Center for the Advancement of Informal STEM Education
(CAISE) website is a place to share resources for ISE professionals.4

Journals can be a good place to share evaluation methods, findings,
and recommendations for future work. Publications that would be
well-suited to sharing research on this type of PES work include:

Dissemination at professional conferences
Professional conferences offer
opportunities to share insights
and experiences gained
from work on PES projects.
During the three years of the
Building with Biology project,
team members presented
Building with Biology project staff present
several sessions at the ASTC
a poster about the project.
conference on aspects of the
project related to evaluation of PES, biotechnology events, forums,
and cross-museum collaboration, among others. Following are some
relevant professional conferences for PES work:

• Museums and Social Issues, Left Coast Press. This journal focuses
on the interaction between compelling social issues and the
way that museums respond to, influence, or become engaged
with them.
• Science Communication (SC), Sage Publications. This is an
international, interdisciplinary social science journal that
examines the nature of expertise, the diffusion of knowledge,
and the communication of science and technology among
professionals and to the public.
• Science, AAAS. This is the world’s leading journal of original
scientific research, global news, and commentary.

• The Association of Science-Technology Centers (ASTC) has an
annual conference, attended primarily by ISE professionals.5, 6

• Dimensions, ASTC. This is a bimonthly magazine featuring a
mix of in-depth analysis and briefs of noteworthy events and
resources for the science center field.

• The American Association for the Advancement of Science
(AAAS) has an annual interdisciplinary meeting attended by
scientists, journalists, and practitioners of public engagement.7, 8

In general, the dissemination of evaluation findings focuses on
establishing a format that is actionable for the internal stakeholder
commissioning the study. Evaluation reports can be posted on
informalscience.org. Methods and findings are often presented at
conferences, especially the Visitor Studies Association conference
(listed above). Whereas evaluation is designed to be contextspecific so that its findings are directly addressing the impacts or
outcomes of the specific project, research studies aim to produce
generalizable knowledge that can be applied across the field. As with

• The Visitor Studies Association (VSA) holds an annual conference
that encompasses a variety of types of organizations that have
visitors, including but not limited to science museums.9, 10
• The Society for the Study of New and Emerging Technologies
(S.NET) is an international association that promotes intellectual
exchange and critical inquiry about the advancement of new
and emerging technologies in society.11
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evaluation, dissemination of research results can be done through
informalscience.org and conferences, as well as peer-reviewed
journal articles including those listed above.

were collected, analyzed,
and presented to the United
Nations at the relevant
international conferences, as
well as made available online
for anyone to view.
The United Nations was
not a client for the World
Wide Views events, but it
welcomed the citizen input
generated by them.

Dissemination to professionals interested in
outcomes related to the specific topic such as experts
or policymakers
If a goal of the PES event is to be more formal about sharing public
input and recommendations with scientists and policymakers,
discussions can be recorded in a variety of ways, collected, and
analyzed. In general, two primary methods of sharing outcomes from
PES events with policymakers and scientists are written reports and
live presentations, and often using both together can work well. This
works best if an expert or policy group is interested in public input,
and is even better if this group participates in setting goals for what
they would like to get out of consulting the public.

PES participants, especially if they have to work hard addressing
challenging questions, are more likely to feel that their effort was
worthwhile if they know that someone is interested in and will
potentially use their views and recommendations. The two examples
above are at the high end of expert and policy groups interested in
public input.

As an example, the Museum of Science in Boston and partners in the
Expert and Citizen Assessment of Science and Technology (ECAST)
Network worked with NASA in 2014 to develop a forum to get public
input on options they were considering for missions related to
asteroids. NASA collaborated on developing the PES questions that
the public would answer, provided a variety of informational assets
that could be used in the forum event, and then served as a client for
a report based on the public’s input at two separate events.12

Such groups could also be composed of scientists at a local
university or research lab or members of a town or city government
or citizens group. For instance, the Director of Environmental
Health for the city of Cambridge, Massachusetts, saw a forum on
nanotechnology and asked the Museum of Science if it could develop
a forum to focus on questions he was considering in connection with
consumer products containing nanoparticles.
Key questions for designing PES events to collect and share views
relate to how public participants will provide their views during the
event and how the organizers collect them.

Another series of PES events, organized by the World Wide Views
global citizen consultation initiative,13 consisted of simultaneous
daylong citizen deliberations at dozens of sites in countries around
the world in 2009, 2012, and 2015. Public participant responses
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How the public provides their views

After World Wide Views on Climate and Energy in 2015, the Museum
of Science held a dissemination event for members of the public to
learn about the deliberations that took place, and to give members
of the public who weren’t able to participate a chance to weigh in
on the topic. Fewer than 10 people attended, a result that did not
necessarily support the effort invested in the event.

The public can provide views in a variety of ways that affect how
outcomes can be disseminated:
• Whose views are provided: individual views or negotiated
group views
• Format of views provided: only in written form, only in oral
form, or both

While holding a follow-up public event may not reach audiences with
a special interest in learning about the outcomes of PES events, other
methods may be more
successful. World Wide Views
provides public access to
outcomes online, including
all of the questions that were
asked of all participants, along
with their answers, organized
into bar charts, which can be
broken down by country for
comparison.

• How views are shared with those not present: left to
individual informal reports of participants, or analyzed
professionally and compiled into a report
• Who produces the report, if one is produced: ISE institution,
participants themselves, or external researchers

Dissemination of PES activities and outcomes
to public audiences
Studies on Public Attitudes to Science in the U.K. published in
2011 and 2014 show that public audiences overwhelmingly think
regulators, government, and scientists should be engaging in
dialogue with the public about science, but about 70% don’t want
to be involved in such activities themselves.14, 15 If the same is true
in the U.S., public audiences not involved in public engagement
events themselves may at least be interested in learning about the
outcomes of such events.

PES outcomes can also be shared through press releases or press
coverage, or blog posts or online articles. For press coverage, it’s
important to make sure that the presence of members of the press at
events does not interfere with the deliberation process. It’s also good
to make sure that any press coverage that may come out in advance
of the PES event does not impact or bias participant views. These
methods of documenting PES outcomes allow the information to
reach audiences with special interest in the specific topic or question
of the PES activity.

However, a live museum program may not be a successful way to
reach such interested audiences.
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Dissemination to professionals interested in PES
through direct project involvement

communities. Project team participants were leaders in the NISE
Network’s community of science and children’s museums, Arizona
State University’s social and political science community, and AAAS’
scientific and outreach communities.

While all of these vehicles of dissemination can be valuable, the most
effective way to disseminate project outcomes is through direct
involvement in the project. Even though the term dissemination does
not normally refer to reaching the project participants themselves, if
a project can gather the necessary resources, direct involvement can
have a stronger effect on people than simply being presented with
the results of the engagement. Participating in public engagement
can provide an impactful personal experience.

Scientists and science museum educators formed 12 pairs of
professionals in the first year of the project to develop and test
prototype Building with Biology hands-on activities in an intensive,
collaborative, and iterative process aimed at raising their knowledge
about, and capacity for, developing activities that focused on
public engagement with science. The expectation was that both
the scientists and museum educators would carry their increased
knowledge and capacity beyond the current project into future work.
To get buy-in from these project participants, it’s important to have
funding to support their work.

Professionals interested in PES that
are good candidates for direct project
involvement include ISE professionals,
STEM undergraduate and graduate
students, early career scientists, and
policymakers. They can be involved in
many ways and at many stages of the process, described in detail in
Chapters 3 and 4 as well as the example below.

Distribution of physical resources and/or funding is another
strong dissemination strategy if the project has a budget large
enough to support the cost of this approach. The Building with
Biology project subcontracted various work groups from the NISE
Network, including the kit development and fabrication teams to
produce 200 physical kits, and the community team that consists of
national regional hub leaders to provide direct communication with
museum partners all across the country. The Building with Biology
project also awarded 32 stipends to organizations willing to support
evaluation and data collection activities for the forum programs
included in the Building with Biology materials distributed. Building
with Biology physical kit recipients included science museums,
children’s museums, universities, iGEM (Internationally Genetically
Engineered Machine Foundation) teams, community bio labs, and
members of the Teen Science Café Network.

The Building with Biology project16 was able to leverage the National
Informal STEM Education Network (NISE Network)17 to involve
hundreds of organizations and recruited partners to be part of
the experience. This section provides examples of several direct
involvement strategies for dissemination from the Building with
Biology project.
The core team, consultants, and advisors were chosen not only
for the expertise they would provide for carrying out the work of the
project, but also for their ability to take learning from the project
and incorporate it into their own work with specific professional
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While the Building with Biology project had sufficient funding to
implement these three strategies at a large national scale, the same
approaches can also be effective at a more modest scale.

to thinking about their
own research differently or
writing grant proposals to
pursue funding for further
work on PES projects with
museum partners.

Dissemination to professionals interested in the
specific topic, including experts or policymakers,
through direct project involvement

At PES events, and
especially at forums,
participants can share their
ideas in a variety of ways.
They can participate in
small-group discussions
in which participants share their own thoughts and give verbal
report-outs of the collective views of each discussion group, vote
individually on paper or electronically and have that data visualized,
or record collective narratives or answers to questions on flip charts
or physical materials designed for the specific PES event.

PES is most satisfying to participants if their recommendations are
acknowledged and used by someone, so there is a need to share
their input with those who can use it. That can happen in several
ways depending upon the overall goals of the engagement activity.
Participants themselves, including both scientists and members of
the public, benefit from thinking through PES questions with input
from others and working toward conclusions either individually or
collectively.
Participants mention their own learning, both about the topic of
the event and about the views of other participants, as a valuable
outcome of PES events. They also cite increased interest in the topic
and suggest presenting the PES program to other audiences. For
example, some teachers who participated as members of the public
in a Building with Biology forum asked to use the forum materials
with the students in their own classes. There have also been a
few cases where participants have changed careers and become
professionally involved in the topic due to learning about it through
a forum program.

For scientists, direct participation in discussions and deliberation
with public participants can provide input for their own work and
impact their career trajectories. To maximize the impact, however,
it’s important to structure the program carefully. Science students
and other scientists not identified as lead experts in the particular
topic of the discussion may be able to participate in the small-group
discussions without hindering the active participation of others.
However, when particular participants are identified as experts,
present to the whole group, and then join small-group discussions,
there’s a risk that their participation may inhibit full participation
by non-experts (public participants). To reduce this risk, it should
be clearly stated that both scientists and public participants share

Impacts on scientist participants have ranged from gaining a
greater appreciation for public opinions, to increased familiarity
with the topic, to honing their own science communication skills,
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an equal voice in discussions and deliberations. If the PES event
is going to provide a report of public views to an interested group
after they event, then it may need to be designed so that identified
participating experts serve as resources to be called upon, but don’t
sit in on group discussions. Then groups that include members of the
public can present their outcomes and recommendations to expert
scientists following the deliberation.

“I learned how to engage in a discussion with the public,
and to better listen to the concerns and questions they
may ask. I feel that it is OK that the public may disagree
with the research, as long as they are informed and the
scientists understand where concerns may come from.”
- Scientist participant, Building with Biology forum
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CHAPTER 7

project, approximately 45 PES scholars and practitioners from the
fields of informal science education, natural and physical sciences,
and science communication met at the 2017 American Association
for the Advancement of Science (AAAS) Annual Meeting in Boston
to suggest and consider future directions for PES. Here we share
recommendations that were generated by that group, as well as
other priorities for future PES efforts that have emerged as part
of and are concurrent with the work of the MSPES project. These
recommendations are summarized in the accompanying box and are
explored more fully in the rest of this chapter.

Future directions
for public engagement
with science
By David Sittenfeld

The preceding chapters have identified and communicated points
of promise with respect to the practice, adoption, evaluation, and
theoretical frameworks of PES. This chapter communicates ideas
and recommendations for strategic directions for broadening
the adoption, participation, and range of PES offerings within the
informal science education field.

Recommendations:
Future strategic directions for PES
1. Continued exploration of the PES engagement landscape

While the variety and depth of public engagement methods in the
context of informal science education environments is growing
rapidly, more work is still needed to embed PES methods and
perspectives more deeply within the culture of the informal science
education community, so that the meaning and merits for PES
as a way of collaborating with
scientists are well-recognized.
Further, future innovations, more
diverse participation, and broader
implementation could help to
strengthen the impacts of PES
activities.

2. Co-creation of PES activities and agendas by public and
scientific communities
3. Community guidance of local research
4. Fostering the emerging PES community of practice
5. Embedding PES more broadly into political, educational,
and social infrastructures
6. Learning from and connecting with PES at local, national,
and global scales
The central characteristic of these recommendations is co-creation.
“Co-creation” refers to collaborative topic selection to establish
a roadmap for shared PES agendas that are of relevance to both
scientists and publics. These recommendations reflect the idea that
bringing together publics, researchers, and community partners

As one of the final activities of
the NSF-funded Multi-Site Public
Engagement with Science (MSPES)
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to envision new PES topics and activities will serve to broaden
participation and also to sustain and more deeply embed PES into
the fabric of ISE practices. ISE institutions are natural conveners
for these kinds of co-created PES activities: they are skilled at
translating complex scientific ideas for audiences from very different
backgrounds, they are welcoming institutions with connections to
community organizations, and they are respected and trusted by
scientific and policy institutions, as well as by diverse publics.

PES audiences. This could be accomplished through co-creation of
new agendas for PES activities and/or areas where new research
knowledge would be beneficial for both public communities and
for scientific understanding. Further, cooperative engagement
activities, which connect research institutions with stakeholder
communities of particular interest or concern, could be combined
with public forums or other kinds of PES mechanisms to work
with communities in new and innovative ways on solutions to
societal problems.

Some of the ideas recommended here have been tried in pilot
settings before, and others would be challenging to implement, but
could lead to new innovations in the co-production of knowledge by
publics and researchers in ISE settings.

Other experiments exploring the redesign of existing PES formats
and products could help to inform future PES innovations in the
informal science education community. For example, PES could be
built into exhibits more explicitly to help connect them to other kinds
of ISE activities.

Continued exploration of the PES landscape
The American Association for the Advancement of Science (AAAS)
identifies four kinds of engagement on its PES website:1
•
•
•
•

Policy deliberation
Public dialogue
Knowledge co-production
Cooperative engagement

While the focus of this guide has been primarily on “policy
deliberation” and “public dialogue,” the techniques of these kinds
of engagement can also serve the purposes of “knowledge coproduction” and “cooperative engagement.”
For example, public dialogue or policy deliberations could be
integrated with elements of knowledge co-production to amplify
upon the mutual learning among and between different kinds of
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Co-creation of PES activities and agendas by
publics and the scientific community

Integrating PES into exhibits

While many ISE projects such as Portal to the Public and Building
with Biology have designed and used engagement materials that
were co-created by scientists and informal educators, a potentially
strategic next step in the evolution of PES could be to include public
participants in the co-creation of PES agendas for PES engagement
through collaborative selection and refinement of topics and
questions for discussion. By co-creation, we refer to mutually
selecting topics for PES, whereas knowledge co-production refers
more generally to publics and researchers working together to
produce new understanding.

An increasing number of exhibits are building elements
of PES into physical or virtual exhibits. One interesting
experiment with this is the Norsk Teksnisk Museum’s
exhibit called TING: Technology & Democracy, which
received an ASTC Leading Edge Award in 2015.2 TING
visitors are confronted with 100 objects that represent
the intersection of technology and society. Visitors then
consider a series of emerging technological objects,
discuss them with fellow visitors through moderated
conversations, and vote with a wooden cube on whether
and how they should be used in society.3

One example of an institution that employs collaborative selection
of issues for mutual learning is the Public Laboratory for Science
(publiclab.org), which was established after the 2010 BP oil spill in
the Gulf of Mexico.4 The researchers at Public Lab worked with local
communities to hear from them about environmental issues of local
concern. Similarly, the scientists at the Hubbard Brook Research
Institute have held iterative series of discussions with local community
and industry stakeholders to hear their ideas, concerns, and priorities
that can help to inform future investigations at the Long-Term
Ecological Research station where their research is conducted.5

The Provocative Questions exhibit in the Museum of
Science’s Hall of Human Life similarly engages visitors
in discussions about science policy questions such as
taxation of sugary drinks or sharing genetic information
of unborn children. Visitors learn about the science,
consider a range of
social values and
personal perspectives,
and discuss tradeoffs
with a partner before
making a decision and
viewing the responses
of others.

Public Engagement with Science

There is additional precedent for this work in the citizen science
and public health fields. The Harvard Catalyst, which devotes
funding to establishing connections between communities and
researchers who can help to address community concerns, states
that community-engaged research “centers around fostering
collaborations with and among groups of people affiliated by
geographic proximity, special interest, or similar situations with the
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Futurescape City Tours and Easton Matters:
Two innovative and experiential co-created PES designs
The Center for Nanotechnology in Society at Arizona State University and the Nurture
Nature Center in Easton, Pennsylvania, have each developed and implemented a
series of programs that integrate co-creation of PES agendas with elements of curious
exploration and deliberative dialogue. With a goal of creating a more “inclusive,
sustainable, and integrated public engagement experience,” the project organizers of the
Futurescape City Tours led half-day tours of six cities focusing on urban planning topics
such as energy, food systems, architecture, and transportation. The organizers wrote
that “citizens drive the agenda and participate in conversations as active, experienced,
and equal contributors” with civic planners, policymakers, and stakeholders. Tour
participants explored innovation spaces, public art
installations, and other types of urban landscapes,
extemporaneously co-developing the tour route
and capturing photographs of “visions of change”
that the participants felt raised societal issues they
would like to discuss. The images were used to
spark facilitated dialogues with decision-makers
and partners from community institutions.6
Easton Matters: What Environmental Issues Matter to You? was a similar two-year project
led by the Nurture Nature Center.7 Building on a number of prior participatory dialogues,
the project organizers surveyed local residents, community organizations, and
policymakers to identify issues of local environmental concern such as traffic, access
to food and water, and disposition of urban wastes. The next phase of the project was
a series of facilitated public dialogues that elicited a range of attitudes about potential
solutions and their tradeoffs. Participants’ ideas were presented to city officials and
exhibited through physical exhibits and interactive walking tours.
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goal of addressing issues that affect
the well-being of the people within
the group.”8 This philosophy reflects
a change in power dynamic; topics
from mutual engagement arise
from communities and scientists
working together to decide what
is important for science to learn
and address, rather than flowing
from the priorities of researchers
and their institutions and including
communities later in the process.
The authors of the 2009 CAISE
inquiry report Public Participation
in Scientific Research: Defining the
Field and Assessing Its Potential for
Informal Science Education classify
various types of public participation
in scientific research projects
(commonly referred to as “citizen
science”) into three categories:
“contributory,” “collaborative,” and
“co-created.” While contributory
projects are primarily envisioned
and shaped by the researchers,
co-created PPSR activities differ in
that they are mutually conceived
by community members and
researchers as a defining step in the
process. Researchers at the Cornell
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Lab of Ornithology observed
that they saw “evidence that cocreated projects that are initiated
to meet specific community
needs can draw concerned
citizens into the scientific process
who might not otherwise be
involved in science-related
activities.” Further, “some PPSR
participants become more
engaged in community politics and more confident about asking for
a place at the table in making decisions about community planning.”9

CONTRIBUTIONS

POTENTIAL BENEFITS

Researchers

Expertise on topics for
community-guided
research

Increased relationship
with diverse publics

Technical expertise
Skills and methods for
interpreting outcomes
Publics

Public awareness of
relevance of current
research
Broader impacts

Public values

Reduced polarization

Societal problems to
address

Increased role in
decision-making

Diverse personal
perspectives
ISE Institutions

In The Participatory Museum, Nina Simon extends the co-created
concept to the building of ISE education projects more broadly:
“In co-creative projects, community members work together with
institutional staff members from the beginning to define the project’s
goals and to generate the program or exhibit based on community
interests.”10 ISE institutions could similarly become more responsive
to the needs and priorities of community members by including cocreation in the design of PES activities, targeting areas where both
groups see relevance and potential for mutual learning. For example,
parent groups might be interested in helping to provide input on
future research activities in developmental psychology, or people
who share a disability or disease might come together to propose
new ideas and share concerns regarding research that could impact
others who share their condition.

Agile educational
offerings

New topics to address
with publics

Skilled translation of
complex topics

Increased social import
to communities

Trusted venue and
welcoming conveners

Community guidance of local research
Another potential way to increase the impact of PES is to provide
avenues for upstream public input on proposed research
activities through the inclusion of community, local, or indigenous
knowledge through the mutual learning that occurs in PES. One
of the most popular ideas for new PES activities at the Multi-Site
Public Engagement with Science project meeting in February 2017
focused on local community guidance of local research. In this
model, informal science institutions would provide a venue for
local researchers, community stakeholders, and diverse publics
to come together and shape the future of proposed research

The following table proposes a number of possible benefits for each
PES audience from mutually co-created PES activities.
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that could impact a community.11 Scientists would describe their
proposed research and their motivations for doing it, and community
members would communicate their values, concerns, and priorities.
Researchers and publics would work iteratively to consider research
that is useful for generating usable scientific knowledge, while
responding to local community values and perspectives.

website developed as part of the MSPES project as one way for PES
practitioners and scholars to share with others in the ISE community
(publicengagementwithscience.org) Other resources, such as AAAS’
Trellis community and ASTC’s Forum on Public Engagement with
Science can also help practitioners and researchers share new
knowledge and PES resources between and among practitioners in
their fields.

One example proposed by the meeting attendees centered around
the idea of introducing engineered organisms to fight the spread of
a locally problematic vector-borne disease, or to eliminate a local
invasive species as part of an ecological management plan. Similar
conversations could happen around laboratories studying highly
communicable infectious diseases or next-generation nuclear
reactors, where tradeoffs between local economic growth, scientific
advancement, and other community concerns might create conflict
within a community.

Since scientist participation is a
key component of PES, building
upon existing connections between
scientific and ISE communities will
be crucial as PES is adopted more
broadly within the ISE community.
In the Building with Biology project,
AAAS worked with a range of
scientific societies and institutions
to “match” local scientists from
the synthetic biology field with ISE institutions implementing
Building with Biology events. In addition, a partnership with the
Synthetic Biology Engineering Research Center (SYNBERC) connected
participants with a number of researchers in the field of synthetic
biology who were supportive of public engagements. Furthermore,
the International Genetically Engineered Machine Competition (iGEM)
provided a number of young scientists at the high school and college
level, who were required to address societal and environmental
impacts of their work and to engage with public audiences as part of
their projects.12 These partnerships helped the Building with Biology
project build connections between scientists and ISE organizations
at all levels of involvement in the project across the country.13

Fostering the Emerging PES Community of Practice
The practice of PES among informal science institutions has seen
rapid growth over the last few years. This growth and innovation
brings potential challenges with respect to maintaining connections
between PES practitioners who focus on different formats or do their
work at different kinds of institutions. To advance the work of PES
in ISE, it would be helpful if PES practitioners could share the work
they are doing with one another and with the field more broadly
as they develop and implement new PES innovations. To that end,
one motivation for this guide is to encourage PES practitioners to
disseminate their PES activities and experiments to the broader
ISE field, in order to build the knowledge base and to increase the
range of tools available for implementing PES. We envision the
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Embedding PES more broadly into political,
educational, and social infrastructures

PES projects focused on other topics and scientific disciplines may
not be as well positioned for PES activities as the Building with
Biology project. For certain emerging technologies, there may not
be many scientists working in the field in any specific area of the
country, and there may be few or none with expertise in the certain
area of research that raises a particular societal question. Also, the
field may not have a pool of available scientists who are tasked
with or enthusiastic about participation in public engagement.
Other fields may not have resources like iGEM, or strong support for
public engagement. Therefore, institutional capacity for connecting
scientists with ISE organizations is an important area of work for the
PES community of practice.

PES activities are a lot of work for all the participants: scientist and
public participants, and ISE institutions convening the events. A few
ways to increase the value to participants are:
• Providing social context and rewards for public participation in PES
• Increasing context and rewards for PES within the scientific
community, and
• Increasing prominence of PES in civic and civil society
Providing social context and rewards for public
participation in PES

Communication across the ISE and natural and social science fields
is a natural step to building this institutional capacity. For example,
partners from the Multi-Site Public Engagement with Science
project gave a number of presentations at AAAS Annual Meetings
and at synthetic biology conferences in recent years, describing
the rationale and meaning of PES in the ISE context and eliciting
partnerships and
participation from the
scientific community
as part of the scientist
recruitment phase.
These kinds of
cross-disciplinary
communications
will be important
to proceed as ISEs
continue and expand
their PES efforts.

Public Engagement with Science

Public participants who take part in PES activities frequently express
interest in learning about the processes for sharing their ideas with
scientists and policymakers. While conversations at PES events
between scientists and the public are highly useful in that scientists
are physically present at the event and can hear directly from public
participants, methods for analyzing and communicating outcomes
more broadly or to specific target audiences could help to validate
the experience for public audiences and increase motivations for
public participation, such as the online data presentation and
reports to the United Nations that were produced in the World Wide
Views projects. World Wide Views and similar events, however,
have strict demographic targets for participant group composition.
Important questions concerning the demographic representation
of self-selected participation in PES events at informal science
education institutions should be examined before the outcomes of
PES events of this sort can be presented as expressing the views of
the larger public.
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Increasing context and rewards for PES within the
scientific community

projects such as Portal to the Public14 are important stepping-stones
that can be leveraged locally as ISE institutions work with their local
researchers to conceive of and implement PES activities.

Public engagement might spread more widely throughout the
scientific community if scientists were given more recognition for
their PES participation, and if there were avenues for sharing with
their colleagues what scientists learn from public audiences through
PES activities. The American Association for the Advancement of
Science has done important work over the last few years to increase
the prominence and understanding of PES within the scientific
community, but still many individual institutions and/or scientists
may be unfamiliar with the concept of PES or unsure of the specific
benefits for them. Transforming the scientific reward system to
be more cognizant and responsive to the value of PES activities
so that researchers are acknowledged in their funding and tenure
for participation in PES is a challenging task that lies beyond the
scope of this guide. It might
help, however, if local ISE
institutions that work with
researchers to conduct public
engagement events could
communicate the motivations
and potential benefits of
PES with a researcher’s
institution, rather than just
with individual scientist
World Wide Views on Global Warming
participants speaking at an event to
partners. In some cases,
reflect on their experiences in 2009
this could be accomplished
effectively in parallel, with public events targeted at local publics and
policymakers, with presentations at national scientific conferences to
target the scientific community. The resources created by AAAS1 and
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Increasing prominence of PES in a civic and civil society
Further, there are ways that could help to increase the prominence
and motivations for PES while also serving to validate the experience
for scientist and public participants alike. For example, PES
activities that are endorsed by well-known scientists, personalities
or institutions could help to broaden participant recruitment and
also serve to increase the prominence of PES. PES activities could
be combined with other educational or civic activities to increase
their impact for public and scientist participants. For example, PES
dialogues at science centers could be aligned with formal education
in high schools or universities to help connect and empower the
subjects of formal STEM learning. Or ballot initiatives could be
informed by citizen dialogues at local ISE institutions.
One option for more deeply embedding PES in the civic, social, and
educational communities would be to try to make a targeted PES
campaign go “viral.” What if a public forum taking place at science
centers around the country were spurred on by a video on social
media, in which celebrities encouraged community members to help
make a decision, and promised to be there when the results were
announced with participation from civic leaders? People who are
frustrated with the currently polarized nature of discourse in society
may be drawn to participate in a more constructive experiment to
connect scientists with the public. Such an effort could heighten the
standing of PES efforts among public, civic, and scientist audiences
and spur on future PES activities.
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Learning from and connecting with PES at local,
national, and global scales

priorities would be to
develop a battery of
PES materials around a
given topic that could
be complemented with
co-created questions
of local relevance.
In an ongoing
National Oceanic
and Atmospheric
Administration (NOAA)funded project led by Arizona State University and the Museum of
Science (NA15SEC0080005) that is convening eight deliberations at
ISE institutions around weather and climate-related hazards, four
standard hazard modules are augmented with the inclusion of a
locally focused resilience planning question, to be determined in
collaboration by educators at the hosting institution and resilience
planning partners.

The Building with Biology project is an example of a national-scale
PES activity, utilizing a set of standardized materials. ISE institutions
in the European Union have participated in a number of similar
large-scale projects, including Sea for Society15 and VOICES.16 Global
projects such as World Wide Views17 or Play Decide have engaged
participants in deliberation around the world, employing highquality materials translated into dozens of languages, eliciting
comparable responses and recommendations from participants.
These kinds of large-scale projects have clear benefits associated
with them: the materials can be designed by networks of institutions
with broad reach in their respective communities. By developing
the materials centrally, the developers can efficiently get and use
input from leading experts involved in PES. This helps to ensure that
mutual learning will result from PES engagements with the vetted
materials. The consistency of the materials allows for comparison
and evaluation across institutions. Finally, dissemination can be
powerful, since it can be achieved at a broad and visible scale.

One way of achieving the immediate community benefits in a
national project might be for each participating ISE institution
to create a citizen advisory board that could help to recommend
locally relevant additions to large-scale PES materials. In this
manner, national or global PES activities could spark a national or
global conversation but also work to engage local PES audiences
in somewhat different multi-directional conversations that would
be relevant to the communities of the various host sites. ASTC’s
recent International Science Center and Science Museum Day
focused on the overarching topic of the United Nations’ Sustainable
Development Goals, but left the actual activities for engagement up
to the participating institutions.18

However, the development of these large-scale engagements has
primarily been top-down. Issue identification, framing, and content
development are established at national or global scale and thus may
not reflect immediate community priorities at any specific location.
The issues most important to local communities working with their
ISE partners may not be addressed by the nature of questions sought
by scientific and policy leaders that may look to future needs rather
than current ones.
One potential way to take advantage of the reach and power of
large-scale projects while also addressing immediate community
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Another possible way for
PES materials to be
customized would be for
ISE institutions to create
templates for more
“evergreen” engagement
materials, designed
specifically for adoption by
researchers over time at
ISE institutions that can be
made more specifically
relevant by ISEs working
locally. An example is the adoption of the PES materials by iGEM
(International Genetically Engineered Machine) teams. iGEM
encourages teams to take the creations of others and tweak or hack
them for their own aims, so many iGEM teams adopted the Building
with Biology materials in ways that better connected to their own
individual work and projects.12 Could such “hackable” templates be
designed at the outset?

The PLACES Project: A European Example
of Co-Created PES
The European Commission in recent years has
increasingly described PES in the context of Responsible
Research and Innovation (RRI), with the objective “to
foster mutual understanding and co-create research
and innovation outcomes and policy agendas effective
in tackling societal challenges.”19 An example of this
was the PLACES project, organized by ECSITE as part of
the Commission’s Horizon 2020 effort. PLACES created
local partnerships between scientists, publics, and
policymakers in an effort to “enhance the three-way
conversation between science, policymakers and
society.” Participants representing various perspectives
and multifaceted expertise came together to create local
action plans for cities and identified problems to solve.
This model could be employed more broadly and paired
with other kinds of ISE and PES offerings, such as citizen
science or participatory exhibits, to tackle issues that are
of mutual interest to community, scientific, and policy
partners in new ways.20

Public Engagement with Science

To help drive forward some of the ideas described here, a group
of ISE institutions could apply an array of PES materials centrally
created in recent years (including this guide) to local researchercommunity-ISE partnerships. These local partnerships would
each convene events centered on co-created PES activities around
issues that are of shared interest to local researchers and civic and
community partners. Evaluation efforts could assess the mutual
learning that occurs between these audiences through the cocreated PES materials, and help to inform the creation of future
templates and materials for locally focused PES activities.

72

Chapter 7: Future directions for public engagement with science

Opportunities for PES in a fast-changing, polarized world
Topics that lie at the intersection of science and society are crucial
for multidirectional engagement at a time when scientific and
technological breakthroughs have wide-range impacts on everyone
in our world. These societal issues, along with the fractured
and polarized nature of public discourse, create a clear need for
multidirectional learning between and among publics and scientists.
Informal science education institutions have an important role to
play in connecting communities with researchers and engineers, so
that future products of science and technology reflect the priorities
and concerns of a diverse and engaged public.

Research partner
Priorities, scientific background
and ideas for solutions

One possible avenue for addressing this polarization is the co-created
Forum model presented earlier in this chapter. The Museum of Science
has received a recent NSF award to develop and explore this cocreated Forum model (NSF DRL# 1811118) with science center partners
from the Oregon Museum of Science and Industry, the Michigan
Science Center, and the North Carolina Museum of Life and Science.
The project will develop, test, refine and disseminate a model in which
civic, community, and scientist partners collaboratively set the agenda
for co-created forum activities. The convening role of the ISE institution
in this process is depicted in the accompanying graphic.

ISE Institution
Priorities and
potential solutions

Priorities, concerns
and social values

Civic partner

Community partner

A subsequent NOAA award (NA18SEC008000) to the one mentioned
earlier will engage participants in collecting data pertaining to
hazards selected in partnership with local civic planners, and
discussing potential resilience strategies through deliberative
dialogue. We are hopeful that combining citizen science with
complementary PES dialogue components can help to inform
future innovations in the PES landscape while helping to strengthen
connections between science centers and local civic institutions.
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Net Forums Manual, and the Building with Biology materials noted
above. http://www.nisenet.org/search/product_category/forums-13

Ready-to-use public
engagement tools from
existing pes projects

NISE Net Science and Society training materials and hands-on
activities bring PES content and practices to table-top cart activities.
http://www.nisenet.org/catalog/nano-and-society-training-materials
The World Biotech Tour (WBT) was a multi-year initiative to bring
biotechnology to life at select science centers and museums
worldwide. The program, supported by the Association of ScienceTechnology Centers (ASTC) and Biogen Foundation, was scheduled
to run from 2015–2017. The WBT increased the impact and visibility of
biotechnology among youth and the general public through handson and discussion-led learning opportunities.
http://www.worldbiotechtour.org/activities

Hands-on Activities and Forums
The Museum of Science has created an online archive of Forum
products at https://www.mos.org/pes/forum-archive. This resource
includes basic descriptions of Forum programs as well as products
and guides for hosting Forum programs on a variety of topics.
Building with Biology includes resources for hands-on activities and
forum dialogue programs about synthetic biology.

World Wide Views has published resources it used for its citizen
consultation events and which you could use to replicate them.

• The Building with Biology Digital Kit includes planning and
promotional materials, orientation and training materials, and
educational materials including posters, hands-on activities,
forums, and videos.
http://www.buildingwithbiology.org/digital-kit-contents

• http://climateandenergy.wwviews.org/publications/
• http://biodiversity.wwviews.org/publications/
• http://globalwarming.wwviews.org/node/253.html
The PlayDecide website includes discussion games on a wide variety
of controversial issues that can be downloaded and printed out.
They are self-facilitating and allow you to add the results of your
deliberations to an international online database.
http://www.playdecide.eu

• The Forums Manual can be helpful for forums and other
dialogue programs on any topic.
http://www.buildingwithbiology.org/sites/building-with-biology/
themes/bwb/img/BuildingwithBiology_Forums_Manual_Final.pdf

Climate Interactive creates interactive, scientifically rigorous tools that
help people see connections, play out scenarios, and explore what
works to address the biggest challenges we face. They have resources
available for free including a mock-UN climate negotiation role-play

NISE Net Forums include resources for four forums about
nanotechnology, a discussion program focused around two
10-minute video-taped plays, a Science Café guide, the original NISE
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simulation, online training in systems thinking to address climate
change, webinars, and more. https://www.climateinteractive.org/

Essential Partners (formerly Public Conversations Project) provides
free training guides and dialogue resources, mostly on political
topics, but some scientific topics.
http://www.whatisessential.org/resources?type=All&title=&author=All

In 2011, the Museum of Science collected a sample of 201 activities
submitted by 125 organizations as representative of their efforts
at the time to step beyond public understanding of science into
topics and processes that explore public engagement with science.
The case summaries fell into 10 categories: art and theater, citizen
science, exhibits, festivals, forums and science cafés, inquiry, media,
meet the scientist, on-site research, reference, and take action. The
catalog has not been updated since 2011 but can be downloaded at
https://dimensionsofpes.wikispaces.com/Catalog+of+Case+Summaries

National Network for Ocean and Climate Change Interpretation
(NNOCCI) is working to establish a national network of professionals
who are skilled in communicating and translating climate and ocean
science to broad public audiences. Their goal is to change the nature
of public conversation about issues of climate change to be inviting,
empowering, and solutions oriented. The website has guides,
frameworks, recommendations, a multimedia toolkit, and a solutions
bank. http://climateinterpreter.org/about/projects/NNOCCI

Online Forums

The Portal to the Public (PoP) provides strategies and resources
to build local communities of scientists and educators who are
dedicated to public engagement with current science. Their
Implementation Manual is available for purchase ($40 as of May 2017).
https://popnet.pacificsciencecenter.org/

The Expert and Citizen Assessment of Science and Technology
(ECAST) Network put on a program about asteroids for NASA, and the
online version is available for use. https://ecastonline.consider.it/
Consider.it has other online dialogues on a range of topics and can
also help you make your own. Participants can learn about a topic,
share how much they agree or disagree, and give pros and cons for
why they answered the way they did. https://consider.it/
Issues Guides and Training Materials
National Issues Forums Institute has issues guides (some free, some
paid) on a variety of science and non-science issues.
https://www.nifi.org/
National Coalition for Dialogue and Deliberation (NCDD) has a wealth
of resources for beginners and experienced practitioners of dialogue
and deliberation. http://ncdd.org/
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National Coalition for Dialogue and Deliberation (NCDD) has a wealth
of resources for beginners and experienced practitioners of dialogue
and deliberation. http://ncdd.org/rc/

Useful documents
and links

Public Agenda has “discussion starters” on science education,
climate change, energy, health care, evangelical Christians and
scientists, parental involvement in education, afterschool programs,
and other topics.
http://www.publicagenda.org/pages/choicework-homepage

Let’s Talk was a project at the University of Washington funded by
IMLS. Their evaluation report and synthesis paper can be found
here. http://www.informalscience.org/lets-talk-meta-conversationabout-dialogue-evaluation and https://www.nemanet.org/
files/8914/4587/2472/Lets_Talk_Symposium_DRAFT.pdf

Many Approaches to Public Engagement, from the AAAS Center
for Public Engagement with Science & Technology.
https://www.aaas.org/pes/value-public-engagement

The Expert and Citizen Assessment of Science and Technology
(ECAST) Network has reports and toolkits about public participation
in technology assessment.
https://ecastnetwork.org/category/topics/toolkit/

Wellcome Trust, Planning your public engagement activities: Step
by step guide. https://wellcome.ac.uk/sites/default/files/planningengagement-guide-wellcome-nov14.pdf

Everyday Democracy guide: How to Develop Discussion Materials for
Public Dialogue. https://www.everyday-democracy.org/sites/default/
files/attachments/How-Develop-Discussion-Materials-Public-Dialogue_
Everyday-Democracy.pdf
Many Experts, Many Audiences: Public Engagement with Science is
a seminal paper on public engagement with science in the informal
science education field. http://www.informalscience.org/manyexperts-many-audiences-public-engagement-science
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