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1 What Is Public Engagement with Science?

Just about everyone interacts with the products of science every day: the

medicines we take, the technologies we rely on, and the very methods we use

to learn about the world around us are all deeply influenced by science. Science

is viewed as so valuable that science education is a core component of education

curricula the world over. Arguably, science is the predominant framework

through which Western societies understand our experience of the world, and

it guides our decisions about how we structure society through public policy. It

makes sense, therefore, that scientific literacy, public trust in scientific institu-

tions, and policies based on science are all generally seen to be of societal value.

However, people’s relationships to science vary. Not everyone has the same

depth of understanding of scientific findings. And not everyone places a high

value on science. How the public feels about and relates to science has received

increasing attention and even advocacy in recent years. For example, in 2017,

March for Science events held around the world aimed to emphasize how science

is a common good and advocated for evidence-based, science-informed public

policies. More recently, international responses to the Covid-19 pandemic served

as a stark reminder of the need for broad-based scientific literacy, trust in scientific

institutions, and science-informed policies and practices.

For these reasons, scientists and other academics are increasingly called upon

to not only conduct research but also to engage in public outreach. Scientific

funding agencies expect grantees to not only pursue research of high intellectual

merit but also to engage in meaningful societal broader impacts (as with the

US’s National Science Foundation) or knowledge mobilization or translation

(for Canada’s National Research Council and the European Research Council)

related to their research. Furthermore, many scientists find employment outside

the academy in roles that relate to public outreach. STEM workforce develop-

ment and STEM education have also received sustained attention and signifi-

cant governmental and philanthropic financial investment. A wide range of

professional roles exist at the interface between science and the public, such

as science educators, museum curators, science communicators, science jour-

nalists, science policy experts, and more.

All of this is a testament to the importance of the relationship between science

and the public as a topic of research, to the permeability of the academic/

professional boundary with regards to public engagement with science, and to

the topic’s inherent interdisciplinarity. Research bearing on public engagement

with science is conducted in a range of disciplines including communication,

education, museum studies, philosophy of science, political science, social and

community psychology, science and technology studies, educational research

1Public Engagement with Science
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based in individual scientific disciplines, and more. Further, public engagement

with science professionals – educators, curators, science communicators, jour-

nalists, policymakers, etc. – have developed bodies of expertise that shape their

work. Yet, at present, it is nearly impossible for a researcher or outreach

practitioner to navigate this research, distributed as it is across disciplines and

influenced by different research traditions, and to access the variety of relevant

professional expertise.

This Element is the first in an interdisciplinary series,Cambridge Elements in

Public Engagement with Science, that will draw from expertise and research

findings in a range of disciplines and professions, developing those insights into

forms with which academics and professionals from a variety of backgrounds

can effectively engage. In this Element, we set the stage for this initiative by

characterizing public engagement with science as a target of inquiry, describing

some of the academic disciplines that bear on its study and practice, and

outlining broad contours of effective theory, methods, and practice related to

public engagement with science. This Element is perhaps most useful to

academics who conduct or are interested in conducting public engagement

activities or who carry out research on public engagement with science. But,

we hope it is also useful to public engagement practitioners as a window into

relevant academic knowledge and cultures.

This first section begins the project by offering an initial characterization of

public engagement with science. In Section 1.1, we explore the many interfaces

between science and the public and offer an initial definition of public engage-

ment with science. This definition is expanded and clarified through the remainder

of the introduction. In Sections 1.2 and 1.3, we explore the aims public engage-

ment with science can have. That discussion begins in Section 1.2 with the widely

appreciated aim of increased public understanding of science, and then

Section 1.3 considers other, distinct aims for public engagement with science,

including developing public trust of science, increasing public access to scientific

participation and findings, and cultivating social and personal identities related to

science. In Section 1.4, we consider how public engagement with science involves

not merely one-way influence of academic science on the public but instead

multidirectional influence between science and the public. Section 1.5 concludes

the introduction by outlining the contents of the remainder of the Element.

1.1 Science in the Public Sphere

In contemporary society, scientific research directly or indirectly impacts nearly

everyone’s life. This occurs through daily comforts and conveniences, techno-

logical and virtual tools, medical care and treatments, and more. Most also

2 Public Engagement with Science
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encounter required science education in their schooling. Science is, in some

sense, inescapable. Yet different segments of the public have very different

relationships to science. Some have careers related to science; just over 6 per-

cent of the United States workforce, for instance, is employed in STEM careers

(Fry et al., 2021) while in the UK, STEM careers are estimated to be 8.5 percent

of the workforce (Science and Technology Committee, 2023). Some are science

enthusiasts or have hobbies related to science, likely including the 1.07 million

estimated participants worldwide in the inaugural March for Science in 2017,

and many more people besides. Others may have only taken the required

science classes during their schooling, and some may have disliked or failed

those classes. And still others – some of whom know quite a bit about science –

distrust the scientific enterprise in its entirety or particular segments of it, such

as climate change research, evolutionary theory, vaccination, pharmaceutical

research, or agricultural technology.

A person’s relationship with science also intersects with other aspects of their

social and cultural identity. For example, the PEW Research Center (Fry et al.,

2021) and National Science Board (Burke et al., 2022) report that Black and

Hispanic workers in the US remain underrepresented in STEM careers com-

pared to other jobs.Women, meanwhile, are underrepresented in computing and

engineering, while they make up a majority of the health-related workforce.

And, while the number of STEM degrees is increasing more than overall

degrees earned, Black and Hispanic students remain underrepresented in most

STEM degree programs, and women remain underrepresented in some of these

programs, especially computer science and engineering (Fry et al., 2021). In

addition to race/ethnicity and gender, a person’s educational level also correl-

ates with their relationship with science. Those who do not attend college are

limited in their exposure to science education and their participation in STEM

careers. Further, distrust of science is also shaped by political identity and racial

and ethnic identity. For example, in the US, trust in scientists is higher among

Democrats than Republicans and trust in medical scientists is higher among

White adults than Black adults (Funk et al., 2020).

How the public – and different segments of the public – relate to science is at

the heart of how we understand public engagement with science. For the

purposes of this Element, and the ensuing series, we define this as follows:

Public engagement with science: attempts to intervene on some aspect(s) of
how some segment of the public relates to science, to the end of improving the
relationship

Notice first that this is more than a project of describing how the public or some

segment thereof relates to science. Public engagement with science, as we use

3Public Engagement with Science
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the term here, involves someone attempting to change something about the

relationships between science and the public for the better, that is, to improve it

along one dimension or another. Of course, ideas of what constitutes an

improvement vary. It is also important to note that the public is not homogeneous,

and conducting public engagement with science almost invariably involves

a particular segment of the public, distinguished by nationality, geographic

location, age group, educational level, and/or other variables. The question of

what about the public’s relationship to science should be targeted in public

engagement with science initiatives is a matter of extensive discussion and

research. This will emerge as an important theme in this section and in the

Element as a whole. Further, public engagement with science efforts may be

more or less systematic, theory-driven, or ad hoc. Public engagementwith science

also may occur as part of academic or institutional science or in public spaces,

driven by community organizations or community members themselves.

Defined this broadly, public engagement with science can take many forms.

One example is an academic scientist giving a public talk about their research or

responding to press inquiries. Another is a science fair for middle-school

students. Public engagement with science can also consist in public involve-

ment in scientific or medical research, as with citizen science or community-

based participatory research, or even community efforts to spur scientific

research on a matter they deem important. Because the relationships between

science and the public are so extensive, public engagement with science can

take many forms and also vary in who leads the engagement. Because those

relationships are so variable, public engagement with science can target many

types of people and have many different goals. We will explore these varying

features of public engagement with science – aims it might have, forms it can

take, who might conduct it, and who it might target – later in this section and

throughout the rest of this Element. We will also characterize some main types

of public engagement with science activities in Section 5.

The American Association for the Advancement of Science (AAAS) (https://

www.aaas.org), the world’s largest multidisciplinary scientific society, defines

public engagement with science as “intentional, meaningful interactions that

provide opportunities for mutual learning between scientists and members of

the public” (AAAS, 2016). Our definition shares this definition’s focus on

intervention, but our definition does not specify a focus on learning. Public

engagement with science, as we understand it, may target a number of different

features of the public’s relationship to science. The AAAS definition also

specifiesmutual learning. We agree that public engagement with science should

often involve bidirectional or multidirectional influence among the parties. But

rather than define public engagement with science as including bidirectional

4 Public Engagement with Science
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influence at this stage, we will explore how this is a feature of the productive

pursuit of public engagement with science later in the section.

1.2 Public Understanding of Science

Given the broad way we’ve defined public engagement with science, the many

relationships between science and the public, and the different ways different

segments of the public tend to relate to science, there is a question of what

features of the public’s relationship to science should be a focal point for public

engagement with science. What is important about how the public relates to

science?

Despite our insistence that the aims of public engagement with science may

include something other than education, a focus on public understanding of

science is a natural starting point for a discussion of the aims of public engage-

ment with science. Indeed, a common focus of public engagement with science

is improving scientific literacy, that is, knowledge or understanding of scientific

findings and practices.1 The depth of public understanding of science in the US

has been surveyed every two years since the 1950s through the National Science

Board’s Science & Technology Indicators (https://ncses.nsf.gov/pubs/

nsb20221), prepared by the National Science Foundation’s National Center

for Science and Engineering Statistics, and in Great Britain since 1988

(Miller, 2001; NASEM, 2016). Further, the Organization for Economic

Cooperation and Development (OECD) has assessed scientific literacy across

the world every three years since 2006.

Science is typically an explicit priority in formal education, even if it argu-

ably should receive more dedicated attention than it does. Most people around

the world encounter science courses during their education. In many nations,

science courses are required during childhood education, and many universities

require their students to take one or more science courses as well. Further, in

some nations, teaching standards for science education receive significant

attention. Beyond its role in formal education, scientific literacy is also fre-

quently targeted in informal education in museums, libraries, after-school

activities, and other settings. Scientific literacy or understanding is generally

taken to consist in mastery of scientific content, methods, and practices. These

are the focus of the OECD and other assessments mentioned just above. These

are also prioritized in educational standards, such as the US’s Next Generation

1 This initial characterization sidesteps significant controversy about how scientific literacy should
be defined and the nature of its value; see for instance (Pardo and Calvo, 2004; Feinstein, 2011;
Roberts and Bybee, 2014; Keren, 2018). Some of this controversy will be signaled below, but it is
beyond the scope of this Element to survey and establish a position on how scientific literacy
should be defined.

5Public Engagement with Science
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Science Standards (NGSS), which include three “dimensions”: disciplinary

core ideas, science and engineering practices, and cross-cutting concepts

(NGSS, 2017).

Just as surveys of scientific literacy and science educational standards focus

primarily on knowledge of scientific content, so too is scientific-content know-

ledge sometimes taken to be the goal of public engagement with science. The

aim of a museum visit, public lecture, or magazine article can be conveying

a clearer sense for what we have come to understand about the world through

scientific research. And yet, conveying knowledge of scientific content need not

be the main focus of increasing scientific understanding. For instance, Feinstein

(2011) criticizes a lack of attention in the study of scientific literacy to the

question of how deeper scientific understanding is of value to the (nonscientist)

public. He suggests that the aim of public understanding of science should not

be to help the public to understand the same things as scientists but rather to

cultivate “competent outsiders” who can identify when science is a relevant

resource for addressing their goals and effectively bring scientific expertise to

bear in those circumstances (see also Kampourakis, 2022). In Feinstein’s view,

this aim of scientific literacy is best supported by enabling the situation-specific

use of others’ scientific expertise rather than the cultivation of one’s own wide-

ranging expertise in science. This calls into question the centrality of scientific-

content knowledge to public understanding of science. At the very least, this

broadened target for public understanding of science makes salient the ques-

tions of, first, what segments of the public are targeted in efforts to increase

public understanding of science and, second, what specific goal(s) for these

segments of the public is served by increasing scientific understanding.

Increasingly, informal science education practitioners attend to questions like

these. In contrast to scientific-content knowledge, improved public understand-

ing of scientific methods and practices can be useful to cultivating “competent

outsiders” to science. This is because the methods and practices of science are

crucial to science’s expertise and help provide guidance about why and when to

seek scientific expertise. A better grasp of scientific methods and practices can

help members of the public indirectly assess scientific findings for themselves.

For example, nonscientists may not need to know how to use statistics to test

a hypothesis, but nonscientists do benefit from knowing about how statistical

hypothesis-testing extends the reach of conclusions scientists can draw, and

about how variation means we can’t draw firm conclusions about the world

based only on salient examples we know about (such as the grandpa who

smoked like a chimney but lived to see his 100th birthday).

A focus on how scientific literacy can produce “competent outsiders” to

science also motivates a special focus on evaluating scientific expertise.

6 Public Engagement with Science
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Insiders to science – scientists, technicians, and medical professionals – need

a solid working knowledge of scientific findings, methods, and practice relevant

to their work. The nonscientist public, in contrast, might be better served by

a nuanced understanding of how to identify and assess scientific expertise: who

is an expert, about what, and the role of scientific consensus in establishing

trustworthy knowledge (Feinstein, 2011; Keren, 2018; see also Potochnik,

2024, for additional discussion). So, even when public engagement focuses

on the aim of improved public understanding, there are rich questions to ask

about what should be understood, and why. There’s also a question of whether

communities might be a better target for scientific understanding than individ-

uals (NASEM, 2016).

Beyond the question of what the goals of public understanding of science

should be, there is also a question of how this understanding – whether of

scientific-content knowledge, methods, practices, or expertise – can best be

achieved. We will address this question more fully later in the Element, when

we look at effective design of public engagement with science initiatives. For

now, we will start by pointing out that a commonly employed approach of

simply sharing scientific knowledge with the public is not as effective in

achieving understanding as one might expect it to be. This is widely called

the “deficit model” of scientific understanding, as it presumes the public has

a knowledge deficit that scientists can simply fill (Wynne, 1991; Ziman, 1991;

Layton, 1993). Goals in line with the deficit model, like better informing the

public or countering misinformation, are common for scientists and other

academics to prioritize, but communication research has shown this approach

to be ineffective (Besley et al., 2015; Simis et al., 2016). Instead, as with any

education, public understanding of science requires proper orientation to the

content, aligned motivations, and active synthesis.

This is one shortcoming of the deficit model: coming to understand involves

much more than simply uptake of information. Another shortcoming of the

deficit model relates to the very aim of public engagement. Increased under-

standing is not always the only or the most important aim of public engagement.

We noted above that factors such as political affiliation and race are correlated

with propensity to trust scientists. This hints at how social identities can be

relevant to one’s relationship to science.

In a 2015 study, the Pew Research Center surveyed US adults and members

of the AAAS (American Association for the Advancement of Science, the

multidisciplinary science society mentioned above). The results indicated

large gaps between members of the AAAS and the broader public in their

views on some key topics of scientific research. For example, 88% of AAAS

members judged genetically modified foods to be safe, while only 37% of the

7Public Engagement with Science
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broader public did. 98% of AAAS members agree that humans have evolved

over time, while only 65% of the broader public agrees with this claim (Pew

Research Center, 2015). See the interactive graphic at https://www.pewre

search.org/internet/interactives/public-scientists-opinion-gap/ for a depiction

of more of the gaps in views.

Initially, this seems to suggest that there is a gap in public understanding of

these topics compared to scientific understanding. But things might not be so

simple. Kahan (2017) examined public responses to the National Science

Foundation’s longstanding survey of scientific understanding. Two of the lar-

gest gaps in public understanding revealed in that survey regarded evolution and

the big bang theory of the formation of the universe. Kahan found that slight

modifications to the questions – swapping out humans with elephants as the

topic of the evolution question and asking not what the survey participant

believes about the universe’s formation but what scientists believe – significantly

lessened the gap between public opinion and scientific consensus. Crucially,

neither of those changes to wording altered the knowledge needed to answer

correctly. Instead, they simply changed the valence of these questions about

these topics, both of which are of significant social controversy. This raises the

question of whether the gap in opinions between scientists and the broader

public always relates to differences in knowledge. It seems elements of identity

and social affinities might influence these differences in view.2

1.3 Additional Aims of Public Engagement with Science

Increased understanding of science isn’t always the route to an improved

relationship with science. For one thing, features of one’s social and personal

identity can play an important role in one’s tendency to accept science’s

authority, seek scientific insight, or even be interested in science. Research

has shown that knowledge of a scientific issue and attitudes toward the issue are

only weakly related, and for some topics, more scientific knowledge predicts

either strong acceptance or strong denial (Allum et al., 2008). For example,

increased knowledge of climate science is associated with the polarization of

beliefs about climate change (Weisberg et al., 2018).

So, while improved scientific understanding may be part of what is targeted

in public engagement with science, this is often not the only relevant aim.3

2 See (McCain and Kampourakis, 2018; Metz et al., 2020; Weisberg et al., 2021) for additional
discussion of polling about beliefs on evolution.

3 In this Element, we use “aim” to refer to a broad targeted outcome of engagement, such as
promoting understanding. We use “goal” to refer to a more specific targeted outcome of
engagement, such as helping museum guests to better understand the evidence for blackholes (for
example).
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Research suggests that aspects of personal and social identity or values are also

important (see for example Kahan et al., 2011; Landrum (2020) is a video that is

a particularly useful resource in exploring this point). This is so especially when

a topic is politically charged or otherwise bound up with identity. For instance,

views about science in the US are correlated both with an individual’s gener-

ation and political party affiliation (Pew Research Center, 2021). The relation-

ship between views about science and personal and social identity may thus be

relevant to the aims of public engagement with science initiatives. Initiatives

may target segments of the public with specific relevant identities, may be

tailored to be effective with particular social identities, or may even aim to

influence how science is interpreted as relating to relevant personal or social

identities.

Also bound up with social identity is trust in science: members of the public

may be hesitant to trust scientists and scientific findings. Some sources of

distrust include when public confidence in scientific institutions and govern-

ment bodies has been shaken by fraud, research scandals, and misconduct – or

the appearance of them. Scientists historically have used some communities to

produce scientific advances with little regard for these communities’ rights and

needs. Prime examples include communities of color and colonized nations;

perhaps the most common example cited is the 40-year Tuskegee Untreated

Syphilis Study and increase in medical mistrust by Black men (Alsan and

Wanamaker, 2018). Such instances unethical scientific research led to the

1978 Belmont Report and resulting creation in the US of the Office for

Human Research Protections (OHRP), as well as laws requiring institutional

review board approval for any scientific studies involving human subjects.

While review boards aim to provide ethical checks, there is still warranted

mistrust by communities due to these histories.

Presently, mistrust of science associated with some political or religious

identities has given rise to a phenomenon known as “science denial.” Science

denial is rejecting scientific findings that, according to the norms of science,

should be accepted. Rejected findings tend to be viewed as incompatible with

salient political or religious commitments, such as evolution, especially of

humans, the “big bang” origin of the universe, the safety of some or all vaccines,

and, perhaps most notably, human-caused climate change. A step beyond denial

of specific scientific findings is using that distrust in a specific scientific finding

one objects to as a reason to doubt the whole scientific enterprise (McIntyre,

2021). Political valence in the patterns of science denial and reactions to it has

led to the increasing political polarization of science itself in the US, that is, an

association of science with the political left and as opposed to the political right.
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Public engagement with science initiatives should be developed with aware-

ness of the possibility of encountering mistrust of science, including distrust

resulting from past injustices, and some public engagement initiatives may aim

to ameliorate distrust or enhance the trustworthiness or appearance of trust-

worthiness of scientific institutions. Yet, there is need for public engagement

initiatives, especially those led by scientists, to focus more on aims related to

trust than they typically do. As the AAAS report notes,

There is a clear gap between research showing the importance of trust, and
scientists’ perceptions of what is important in outreach or engagement efforts.
Research shows that scientists least prioritize communication goals and
training opportunities that focus on trust-building (Besley et al., 2015;
AAAS, 2016).

Philosopher and historian of science Maya Goldenberg (2021) has encouraged

a shift in framing from seeing science denial as a war on the expertise of science

to seeing it instead as a crisis of trust in science and medicine. This reframing

draws attention away from criticizing individuals who deny scientific expertise

or scientific findings, like climate change and the safety of vaccinations, and

toward working to develop trust in science and medicine. For example, in the

case of medicine, one might focus on trust-building through means like patient–

doctor relationships. Misinformation on social media certainly isn’t helping the

situation, but if people had better access to scientific expertise and a better

understanding of why and when science is trustworthy, then they would be less

easy targets for misinformation. This need offers a particularly good opportun-

ity for the development of public engagement with science initiatives. Similarly,

philosophers de Melo-Martín and Intemann (2018) point to enhancing the

trustworthiness of scientific community as a more useful approach (especially

for biomedical and environmental sciences, and when tackling inappropriate

cases of dissent).

So far, then, we’ve surveyed three possible aims of public engagement with

science: increasing scientific understanding, influencing how science relates to

personal and social identities, and increasing trust in science. Beyond these,

another possible aim for public engagement with science initiatives is improving

access to science in one way or another. This might include healthcare access.

Geographic location, for example, may preclude certain segments of the public

from having a hospital or clinic nearby offering the services they need. Or, this

might involve increasing the access of rural communities to informal educational

experiences, such as offered by museums or zoos, to better match the opportun-

ities of urban communities. Increasing access to science might also take the form

of improved access to scientific knowledge or research, such as targeted research
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on a local environmental concern, as with community-led environmental or water

safety research. Or the aim of increased access might focus on inclusion in the

STEM workforce. There is a long history of some identities, such as women,

racial and ethnic minorities, persons with disabilities, and members of the

LGBTQIA community, being excluded from the STEM workforce (see

National Academies’ summary reports from 2006, 2011, 2017 for discussion).

Public engagement with science thus may aim at improving access to STEM

careers for people with one or more of these identities via helping to foster a sense

of belonging in STEM (Rainey et al., 2018).

Finally, one further possible aim of public engagement with science relates to

demonstrating science’s value or applying science in a way that is useful. Some

public engagement with science initiativesmay simply aim to help the public to see

the instrumental value of science. Some members of the public may not be

interested in science beyond the ways in which it can help their lives, such as

through health or technological advancements. Another sense in which science

might have instrumental value is in supporting the use of scientific tools, regardless

of whether the public participants come to know how those tools work. Consider,

for example, an activity inwhich test strips are used to test levels of lead in drinking

water or using GPS for a geocaching activity. One does not need to know the

science behind how these tools work to benefit from seeing their effective use and,

in some cases, what is learned through their use. In this case, the benefit is not so

much a greater understanding of science but a greater appreciation for ways in

which scientific tools can be valuable and the gain of practical benefit through the

use of those tools. Another instrumental use of science in public engagement

occurs in science policy. Science policy involves the uptake of scientific findings

and the application of scientific tools to influence social policy. In this context, it is

not how the public comes to regard or relate to science that is key, but how scientific

tools and findings are put to work for public good.

While promoting the value of science because of the benefits it offers is one

version of the aim of demonstrating science’s value, another version might

focus on developing an appreciation for science in and of itself – for enjoyment

or fun. For example, someonemight enjoy watching a nature documentary, even

if they don’t learn any new scientific facts from it. Likewise, a young child

might visit a science museum or participate in a science booth event at a local

market and come away simply with a sense of having enjoyed themselves.

A legitimate aim for public engagement with science initiatives thus is partici-

pants walking away from the experience with positive feelings because they had

fun. This may not involve them learning something new about the subject or

having a shift in their trust or interest, though these may be additional benefits!
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And, if not, enjoyment of science activities can be a first step to accessing other

positive experiences with science at later junctures.

These different aims for public engagement with science – influencing under-

standing, identity, trust, access, and interest – are summarized in Table 1. These

different aims will lead to public engagement with science initiatives with differ-

ent features and priorities. Thus, an initiative focused on climate change might

target, for example, public understanding of climate change impacts on sea level

or public trust in climate science. Or an initiative might focus on increasing

interest in how climate science can apply to predict local impacts or increasing

inclusion in the sustainability workforce. Each of these types of initiative would

draw on similar scientific research but would be best served by different types of

engagement: targeting different segments of the public, perhaps different ages or

age groupings, and involving different activities.

It’s possible for these different aims to overlap and interrelate. In some cases,

for example, you can’t get better understanding without first increasing trust. As

we have mentioned, personal and social identity can be relevant to how know-

ledge is acquired. Social identity can be bound up with tendency to trust or

distrust science and scientific authorities. In the context of doing public engage-

ment and outreach, even if your sole focus is increasing knowledge or under-

standing, you often can’t avoid issues of identity and trust. And, sometimes the

route to enhanced trust or shifts in identity relationships is via expanded access

Table 1 The different broad aims public engagement with science may have,
as outlined in this section

Aim Focus

Understanding Targets understanding of scientific content, methods,
and practices

Identity Targets how personal, political, or social identities
relate to science

Trust Targets strengthening or repairing trust in science,
whether distrust is due to past injustices or personal
ideology

Access Targets increasing access to goods of science, science
education, or inclusion in scientific research or
STEM careers

Interest: Instrumental
or Intrinsic

Targets the effective application of science in day-to-
day life or policy or instilling an interest in science,
including simply fun or awe
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and inclusion, or recognition of the instrumental usefulness or intrinsic value of

science.

The five different aims for public engagement with science we’ve focused on

here have some overlap with the six strands of science learning discussed in

a National Research Council report on science learning in informal environments

(NRC, 2009).We’ve discussed how the aim of increasing scientific understanding

can have a variety of focuses including scientific content, methods, and practices,

and three of the NRC strands focus on understanding: “Come to generate,

understand, remember, and use concepts, explanations, arguments, models, and

facts related to science” (content); “Manipulate, test, explore, predict, question,

observe, and make sense of the natural and physical world” (methods); and

“Reflect on science as a way of knowing; on processes, concepts, and institutions

of science; and on their own process of learning about phenomena” (practices).

The fourth strand identified by the NRC report relates closely to the aim

we’ve characterized as intrinsic interest: “Experience excitement, interest, and

motivation to learn about phenomena in the natural and physical world.” And

their fifth strand relates closely to the aim we characterized as targeting how

identities relate to science: “Think about themselves as science learners and

develop an identity as someone who knows about, uses, and sometimes con-

tributes to science.” The sixth strand the NRC report identifies is “Participate in

scientific activities and learning practices with others, using scientific language

and tools.” This focus on participation might be related to different aims:

intrinsic interest or instrumental application, trust, identity, or even understand-

ing. We thus suggest it is worth asking what the aims are for such participation.

Considering overall how the NRC report’s strands of science learning relate to

the aims we have identified, the NRC report places relatively more emphasis on

aims of understanding, including content knowledge, as well as understanding

scientific practices and methods. In turn, the report does not explicitly include

two aims we’ve highlighted: strengthening or repairing trust in science and

increasing access to science goods, research, and careers.

1.4 Engagement Is Multidirectional

So far, we’ve defined public engagement with science as attempts to intervene

on some aspect(s) of how some segment of the public relates to science, to the

end of improving the relationship. We have also discussed how the targeted

relationships may be understanding, identity, trust, access, or interest (either

instrumental or intrinsic). We will round out our initial identification of public

engagement with science as a target for analysis by considering how improving
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the relationship between science and the public can and should involve changes

on both sides of that relationship.

An entryway to this idea is the discussion in Section 1.2 of the deficit model.

Reincke et al. (2020), for instance, advocate replacing the one-way deficit

model, which they associate with a focus on public understanding of science,

with a two-way dialogue model of science communication, which they associ-

ate instead with public engagement with science. They suggest that a dialogue

model adheres to three principles. First, there is explicit acknowledgment of

different forms of knowledge, and that nonscientific knowledge such as cultural

and experiential knowledge should be considered to have equal value as

scientific knowledge. Second, scientists and nonexperts should have equal

status in the conversation. Third, public engagement with science involves

mutual learning, as both scientists and nonexperts learn with and from each

other. The authors thus suggest that experts have three main responsibilities

when implementing the dialogue model. First, they should share input and

knowledge that is well received by others. Second, they should listen to and

learn from the input of others. And finally, they need to invest in relationships

with others. On this model, then, the central focus is not reaching consensus

between scientists and nonexperts, but rather on fostering interpersonal appre-

ciation (that is, respect and trust). Others (Simis et al., 2016; Seethaler, 2019)

point toward similar sets of ethics and values for fostering effective communi-

cation that center dialectical approaches.

Understanding and other aims of engagement may not be achieved by simply

disseminating information. Successful public engagement with science, even

with an aim of increasing understanding, typically involves something other

than just explaining scientific findings to the public. What is needed is a two-

way relationship of communication. One aspect of this is that effective public

engagement must be public centered in the sense that it should be shaped by the

participants’ interests, priorities, and needs. This is important simply for effect-

ive public engagement: calibrating what is said, or the nature of an experience,

to better appeal to and address the priorities and interests of the specific public

participants that are targeted. For example, a panel discussion of climate change

impact may well be more engaging and effective if it focuses on local impacts of

concern to the audience, such as the increased average number of heat warning

days each summer in the municipality or increased extreme rains in the region,

rather than generic worldwide impacts. Other features of the anticipated audi-

ence – adult-only or mixed age, climate-change advocates or broad audience,

etc. – should shape the content of the panel discussion as well. (Indeed, for some

audiences, such as children, a panel discussion will not be effective at all, so

a different format of engagement is needed.) Further, including a robust and
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structured discussion will enable the panel to better respond to the audience’s

current state of knowledge and concerns, which are to some extent

unpredictable.

So, public engagement with science benefits from bidirectionality in the sense

of being shaped by the concerns of the public audiences that are engaged. But

there is also another, deeper dimension of the bidirectionality of public engage-

ment with science. Envisioning public engagement as unidirectional, with the

goal merely of shifting public attitudes, is an impoverished view of what needs to

change in the relationship between science and the public and of what tools are

available for changing that relationship. The goal of public engagement should

not be merely change in public audiences. It is equally important to reflect on the

ways in which participating academics and other experts, their research and

activities, and the institutions in which they participate may also be changed for

the better via public engagement. This is similar to McCallie et al.’s (2009)

definition of public engagement with science as “mutual learning by publics

and scientists . . . in multi-directional dialogue” that “may . . . inform the direction

of scientific investigations, institutions, and/or science policy.”

Consider the various aims of public engagement with science detailed above. At

first it might seem odd to suggest that researchers’ understanding can be improved

by public engagement; they are the experts, after all. Though public engagement is

unlikely to improve researchers’ subject matter expertise, this can deepen their

understanding of the nature of public concerns and localized knowledge relevant to

their research, how subjects they are expert in are viewed by nonexperts, andmore.

This knowledge can in turn enrich or clarify scientific research agendas.

For other aims of engagement, including identity, trust, access, and interest in

application or enjoyment, it is even more apparent that interventions to improve

these relationships between the public and science may well target the practices,

participants, and institutions of science rather than simply how the public relates

to science. Increased transparency of the research enterprise, for example, may

improve trust more than public-focused activities designed to instill trust. Public

engagement with science initiatives should proceed in a way that is sensitive to

the possibility – or, in some cases, the demonstrated reality – that scientific

institutions are not meeting the needs of public understanding, trust, and access.

Distrust of medical science in minority communities, for example, is predicated

on decades and centuries of inadequate medical care or even abuse.

Considering only changes to public attitudes is also an impoverished view of

tools available for public engagement with science. The assumption that scien-

tific research and institutions are separate from public engagement activities can

lead public engagement with science to focus only on potential changes to the

public. Expanding the conception of public engagement with science to include
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changes also to the nature of scientific research and institutions can identify new

tools to shift the relationship science bears to the public, tools that may be more

effective or easier to employ. For example, it may be more feasible and more

effective to host public forums to consider changes to medical research at your

institution and then implement some of the resulting ideas, rather than to host

events for surrounding communities designed to increase their participation in

medical research. Put generally, in some cases, it may be easier and more

effective to change the practices of scientific institutions in ways that cultivate

trust and engagement compared to directly changing public attitudes or institu-

tions. Thus scientific research practices and institutions are worthy targets for

public engagement efforts.

To summarize, public engagement with science initiatives should be devel-

oped to encourage bidirectional influence, with attention to not just how science

impacts the participating public but also on how academics and other experts,

their research and activities, and their institutions might shift to better fulfill

their public-facing aims. In many cases, this is better described as multidirec-

tional influence, as there are multiple parties or institutions involved in the

relationship. Scientists and the targeted public are not always or even often the

only parties involved in public engagement with science initiatives. As we will

discuss in Section 3, another key contributor is often community organizations

that already engage with the targeted public. For example, partnership with

a community organization occurs when a university researcher collaborates

with a local museum or library to develop an exhibit or event for their audiences.

AAAS (2016) specifies the relevant parties as scientists, publics, and practi-

tioners; this captures the primary parties well, though others also can be

involved. For instance, in Section 2, we emphasize the value that academics

other than scientists can bring to public engagement with science. Conceiving

of public engagement with science as multidirectional involves attending to

multiple partners’ goals, needs, constraints, and relationships with public con-

stituents. This enables the development of initiatives that benefit from

researchers’ perspectives as well as the expertise of their community partners

and that influence all involved parties in desired ways. Partnership between

academic researchers and community organizations can also provide

researchers with a route to effectively assessing the needs of and establishing

relationships with the targeted public. Further, many forms of public engage-

ment are multidirectional insofar as public participants also influence one

another during the engagement.

As we discussed early in this section, the interrelationships between science

and the public are extensive and unavoidable. Public engagement with science

thus has significance for science no less than it does for society. AAAS (2016)
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specifies a vision of ultimate goals of public engagement with science that

reflects this. Their vision includes, among other items,

1. Sound, evidence-informed public decision-making on science-related issues

2. Dialogue on critical science-society issues embedded in public discourse

3. Research that is responsive to societal needs and interests

4. Resilient STEM workforce

5. Science embedded in daily life

The AAAS vision incorporates not just changes to public life but changes to the

enterprise of science as well, and it involves the aims of understanding, identity,

trust, access, and interest discussed above. This AAAS list thus offers a way to

summarize some of our main points in this introduction to public engagement

with science. Let’s briefly consider how this list relates to public life and the

enterprise of science. The first item regards effective use of scientific expertise for

public ends – a public-directed, knowledge-based aim. The second item is also

public directed, but about affect, attitudes, and discourse, perhaps indirectly also

trust, rather than any specific outcome of knowledge or understanding. The third

and fourth items are science-directed, about responsiveness of research to public

concern and access and inclusion in the STEM workforce. The fifth item is just

about the connection between science and public life itself, suggesting that

interconnection between science and the public may sometimes not just be

instrumental but a goal in and of itself.

1.5 Goal and Structure of This Element

Public engagementwith science is gaining currency as the framing for a variety of

outreach activities related to science and as an object of study in its own right. As

suggested in our discussion so far, key features of this approach to outreach

include recognition of a variety of aims beyond simply increased public under-

standing and commitment to bidirectional influence. However, knowledge bear-

ing on the topic of public engagement with science is still largely siloed in

a variety of disciplines, and public engagement activities often are conducted

without support from relevant theory or adequatemodels of similar activities. This

Element will set the stage for the series to follow, Elements in Public Engagement

with Science, by delineating the target of investigation, establishing the importance

of cross-disciplinary4 collaboration and community partnerships for effective

4 In this Element, we use the term “cross-disciplinary” to refer to communication or projects that
involve participants with distinct academic or professional backgrounds. We reserve the term
“interdisciplinary” for communication or projects that incorporate perspectives from multiple
academic or professional backgrounds. The distinction is subtle and not very important for the
purposes of our project.
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public engagement with science, examining the role public engagement with

science plays and could play in academic institutions, and providing some initial

resources to learn more about the theory and practice of public engagement with

science.This Element is primarily written for an academic audience interested to

get more involved in public engagement, but we hope it is also useful to public

engagement practitioners as a window into relevant academic knowledge and

cultures. Additionally, the series as a whole is designed to incorporate and respond

to practitioners’ expertise and concerns as well as academics’.

In this first section, we have identified public engagement with science as

a potential target for development of theory and explicit best practices. We

defined public engagement with science as attempts to intervene on some

aspect(s) of how some segment of the public relates to science, to the end of

improving the relationship (Section 1.1). Aims may consist in a variety of

aspects of understanding, identity, trust, access, and interest (Sections 1.2 and

1.3), and improvements to the relationship can and often should involve

changes to both science and public communities or institutions (Section 1.4).

Here is the plan for the remainder of this Element. In Section 2, we charac-

terize the range of academic disciplines with relevance for public engagement

with science and the nature of that relevance. Public engagement with science is

inherently interdisciplinary. Effective public engagement with science requires

not only expertise in scientific content but also skills in effective communica-

tion, bridging of social divides and cultivation of trust, inspiring interest during

brief encounters, and multiple perspectives on science and its roles in society.

Doing this well requires insights from or collaboration among people with

expertise in science, education and communication, history and philosophy,

and more. Existing resources in these and other academic disciplines can

meaningfully inform the goals and techniques employed in public engagement,

provide theoretical resources for public engagement with science, and offer

models of effective engagement.

In Section 3, we make the case that effective public engagement with science

should be collaborative. An ambitious, interdisciplinary vision of public engage-

ment with science requires significant collaboration, not just among academic

researchers, but also with community partners like experts at museums and zoos,

classroom teachers, afterschool care providers, and more. Awide range of stake-

holders have an interest in effective public engagement with science, and it is

essential to value the expertise, perspectives, and goals of each of them.

Collaboration across academic disciplines and, especially,with communitypartners

improves techniques, expands resources, and increases the possibility for continuity

and scaling up efforts. On a more practical side, we also address institutional

structures at universities that can support public engagement with science efforts.
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Section 4 delves further into the range of specific goals that public engage-

ment with science may have, whether the aim is understanding, identity, trust,

access, interest, or something else. This section advocates goal-directed design

of public engagement with science initiatives and outlines one possible

approach to implementing goal-directed design. In this discussion, we appeal

to pedagogical resources in course design and learner-centered curricula, sug-

gesting that these apply to many public engagement with science activities

(regardless of whether that engagement has educational aims).

Finally, our concluding Section 5 considers the broad range of outreach

activities that qualify as public engagement with science, and then discusses

the need for and opportunities for teaching and research into public engagement

with science. Instruction in public engagement with science can enrich collegi-

ate and post-collegiate science education, and additional curricular opportun-

ities are needed for this instruction. Further, while a wide range of existing

research bears on public engagement with science, it also deserves greater focus

as a unified target of theoretical and empirical investigation. This is a need this

Element, and the series it initiates, aims to address.

2 Disciplinary Expertise Bearing on Public Engagement
with Science

The premise of this Element, as well as of the series it initiates, is that public

engagement with science is best pursued as a multidisciplinary initiative.

A number of bodies of disciplinary knowledge bear on aspects of public

engagement with science, as well as knowledge derived from practitioners’

expertise, and public engagement with science pursuits will only benefit from

expanded influence by them.

In Section 1, we discussed the variety of potential aims5 public engagement

with science may have – including at least understanding, identity, trust, access,

and interest – and the possibility of different types of goals in each of these

categories, including interventions targeting changes in the public’s attitudes

and understanding, as well as changes in scientific research and institutions.

And yet, research shows that many scientists persist in prioritizing clear com-

munication of scientific findings, despite the ineffectiveness of this in achieving

the intended aim of understanding (Besley et al., 2015; Simis et al., 2016) and

despite the value of entirely different aims. Resources for transcending this

disconnect between the many aims of public engagement and a simplistic

5 As a reminder, we use “aim” to refer to a broad targeted outcome of engagement, such as
understanding, identity, trust, access, or interest. “Goal” refers to more specific targeted out-
comes, such as helping a public audience to better understand some specific scientific facts.
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deficit-model view can be found in a variety of disciplinary research. Multiple

academic disciplines can provide resources to inform public engagement with

science goals, techniques, and theory, as well as models of robust bidirectional

public engagement.

This section explores the range of disciplines relevant to public engagement

with science and briefly characterizes the nature of their relevance. Along the

way, we will provide some resources as inroads into disciplinary-based know-

ledge bearing on public engagement with science. The focus is primarily on

academic disciplinary knowledge – though some disciplines, like science educa-

tion and museum studies, are informed by public engagement practice.

Section 3’s focus on collaboration involves exploring the expertise offered by

public engagement practitioners. We also want to stress that this section’s intro-

duction to disciplinary resources will by necessity have some limitations. This is

because both authors of this Element are philosophers of science. We have some

experience with interdisciplinary collaboration, but we do not have expertise in

most of the fields characterized here. We encourage the reader to think of this

section as a kind of roadmap that we’ve developed in our efforts to explore what

resources are available for the theory and practice of public engagement with

science. We are outsiders to most of these disciplines, and it is our hope that the

series that this Element initiates will provide deeper explorations ofmany of these

disciplinary resources for public engagement with science.

2.1 Expertise in Public Engagement Goals and Techniques

Expertise in relevant scientific content may seem to be the only or the most

important requirement for conducting public engagement with science, but this is

seldom the case. As we emphasize throughout this Element, determining proper

goals and effective engagement techniques in light of one’s aims is essential for

successful public engagement with science. Fortunately, expertise relevant to the

goals and techniques of public engagement exists across disciplines related to

formal and informal education and the social sciences. Here we introduce the

disciplines of science education, science communication, museum studies, and

community psychology.We also discuss other social sciences later in this section.

Science Education. Science education is one focus within the academic

study of education. Research in this field can involve theoretical or empirical

evaluation of the aims and approaches of formal science curricula, K-12

learning standards for science, and teacher credentialing. The focus is largely

placed on the natural sciences (biology, chemistry, physics, etc.), which receives

more attention in curricula and learning standards than social sciences/social

studies (psychology, sociology, political sciences, economics, etc.). Some
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science education research and teacher resources are based on specific scientific

disciplines central to curricula, including physics, chemistry, and biology.

Science education can occur in many spaces: formal education in K-12 educa-

tional settings, as well as postsecondary education and early childhood educa-

tion. Most commonly, science education focuses on effective teaching with the

aim of scientific understanding; the focus is largely placed on helping students

learn scientific facts and methods (though some advocate alternative focuses

related to instilling trust; see for instance Rudolph, 2023). Science education

can also aim to cultivate an interest in science and instill a sense of STEM

identity. In some educational contexts, especially K-12 education, there are

national or state educational standards that science teaching must meet. In the

US, for example, the national science standards at present are the Next

Generation Science Standards (www.nextgenscience.org), which some states

opted into or adapted, while other states adopted their own different standards.

These educational standards and related publications from government depart-

ments of education can be a useful resource for learning what is valued in these

educational contexts, as well as what research is being drawn on to support the

standards. Thus, science education research, policy, and materials can serve as

resources to shape the goals and techniques of at least some varieties of public

engagement initiatives.

In addition to formal science education, informal science education consists

in designed learning activities in settings outside of a traditional classroom.6

Given that individuals only spend approximately 5 percent of their lives in

formal classroom settings, varieties of informal learning can be key to fostering

scientific literacy in society (Falk and Dierking, 2010). Museums, zoos, and

libraries, for example, offer members of the public brief encounters with

science, but in a context where they are primed for an educational experience.

Some informal settings can attract and serve an audience of a variety of ages,

from children to adults, each having different engagement needs. There are

significant overlaps between literatures on formal science education and infor-

mal science education, and informal science education often is also responsive

to formal educational standards. Yet informal science education also includes

activities pursued with a broader definition of learning, and these varieties of

informal science education may offer models of goals and techniques aligned

with aims other than increased understanding of science – such as identity, trust,

6 We follow the National Research Council (2009) in using “informal science education” broadly to
refer to less structured science learning outside formal educational contexts. Note, however, that
some call this “non-formal science education,” reserving “informal” for only activities not
pursued with learning as a goal.
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usefulness, or simply fun. In addition to research on learning, informal educa-

tion also has a robust practice of evaluation.

Science education research and resources can inform public engagement with

science theory and practices in several ways. First, those interested in conduct-

ing public engagement can find models and guidance for science learning in

formal and informal educational settings. Further, science education research

can provide pedagogical principles and resources to guide implementation

details of public engagement initiatives, including regarding inclusive teaching

practices. This research can also guide how goals and techniques may be

tailored to different audiences. Science education has a vast number of aca-

demic publications and journals on informal and formal STEM education. (See,

for instance, journals like International Journal of Science Education,

International Journal of STEM Education, Journal of Research in Science

Teaching, Science Education, Science & Education, as well as books like

Routledge Handbook of Research on Science Education.) There is also discip-

linary-focused science education research, such as work targeting biology or

physics teaching, which can be useful to public engagement targeting topics in

these disciplines. Further, colleges and universities offering degrees in teaching

often have science education as an available specialty, which can be an avenue

to finding collaborators and local expertise bearing on potential public engage-

ment initiatives. There are also extensive science education professional asso-

ciations and networks, such as the National Center for Science Education

(NCSE, https://ncse.ngo), National Informal STEM Education Network

(NISE, https://www.nisenet.org) in the US, National Science Teaching

Association (NSTA, https://www.nsta.org), and National Association for

Research in Science Teaching (NARST, https://narst.org).

Museum Studies.Museum studies is the academic investigation intomuseum

design and use. Main focuses include curation, that is, managing museum

collections and designing exhibits; education, that is, developing programming

and structures to support visitors’ experiences and learning; and management,

that is, business administration and public relations. Museum careers tend to

divide into these focuses – curators, educators, and management – where the first

tend to have relevant subject-matter credentials (e.g. a PhD in paleontology) and

the second tend to have training in informal or non-formal education. Curators

tend to have roles in collection-based museums. Increasingly, museum studies

has also developed research lines critical of traditional museum design, intended

audiences, and societal roles. These criticisms have led to attempts to rethink

the purpose of museums, as well as how they should relate to local communities

and to the cultures of museum artifacts. One important strand in that research is

the advocacy of decolonization efforts, or ways to transform museums away
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from their legacy in colonialism by cultivating more diverse audiences and

rethinking the treatment and presentation of artifacts to be more respectful

and responsive to the cultures they come from (Lonetree, 2012; Adams, 2017;

Onciul, 2015).

Museum spaces and programming are, of course, themselves instances of

public engagement with science and are also potential opportunities for part-

nership in public engagement initiatives by academics and others. It is import-

ant to consider the opportunities that both curation and museum education may

offer for public engagement with science initiatives. Beyond this, principles and

techniques from museum studies may inform other kinds of public engagement

with science activities, especially when they are similar in circumstances and

goals to museum experiences. Museum studies resources may inform, for

example, a temporary exhibit in a public non-museum context or science

engagement with children in a day-camp setting. Note that museum studies

resources overlap with informal science education and science communication

resources. Those interested in learning more about museum contexts might seek

out colleges and universities that offer a degree, often an M.A., in Museum

Studies. Additionally, this field also has its own publications, guides, and

journals (see for example Latham and Simmons, 2014; and https://guides.nyu

.edu/museum-studies/books).

Science Communication. Science communication is an area of research

within the academic study of communication, a social science, and it is also

a much broader community of practitioners and researchers focused on wide-

ranging forms of communication about science, often called SciComm (Burns

et al., 2003). Research in science communication occurs in the disciplines of

communication and journalism, as well as in the “science of science communi-

cation,” and it overlaps with other disciplines we discuss elsewhere, including

museum studies and science and technology studies. Science communication

research focuses on the effectiveness of broad communication efforts, as well as

methodology of how to assess such effectiveness (for an introduction to this

field, see Fischhoff and Scheufele, 2013; Kahan, 2015; Jamieson et al., 2017).

Attention is also directed at the spread of misinformation and counteracting it

(e.g. van der Linden et al., 2017; Lewandowsky et al., 2020). Much of the

research in this space is targeted at specific scientific topics, such as climate

change or health; specific contexts, such as national setting; and method of

communication, such as campaigns (e.g. Goldberg and Gustafson, 2023). Some

broad principles can be gleaned from this more specific research, though,

including the importance of trusted messengers, clear messages, as well as

emotional engagement with and personal relevance to the audience (Matthew

Goldberg, conversation). Beyond this focus on the processes of science
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communication, communication studies also investigate channels and audi-

ences for science communication.

Science communication research increasingly pursues a public engagement

approach and, thus, provides resources especially useful to public engagement

(e.g. Jensen and Gerber, 2020). Forms of public engagement with science that fit

science communication frameworks especially well include public writing,

talks, and other forms of broad messaging. Science popularizers like Bill Nye

and Neil deGrasse Tyson also fit into this category. As this suggests, the practice

of science communication extends well beyond science communication

research. The practice of science communication, or SciComm, is defined by

Burns et al. (2003, p.191) as:

The use of appropriate skills, media, activities, and dialogue to produce
one or more of the following personal responses to science (the vowel
analogy): Awareness, including familiarity with new aspects of science;
Enjoyment or other affective responses, e.g. appreciating science as enter-
tainment or art; Interest, as evidenced by voluntary involvement with
science or its communication; Opinions, the forming, reforming, or con-
firming of science-related attitudes; Understanding of science, its content,
processes, and social factors.

This delineation of awareness, enjoyment, interest, opinions, and understanding

of science partly overlaps with the aims of public engagement with science we

identified in Section 1. This definition in terms of skills, media, activities, or

dialogue is quite broad and may well include most varieties of public engage-

ment with science. Note that such SciComm activities can be improved with

attention to science communication research into effective science communica-

tion and its goals and techniques. Resources include the Global Network for

Science Communication (https://www.pcst.network) and the journals Journal

of Science Communication and Science Communication. Some universities

offer science communication degrees.

Psychology. Multiple subdisciplines of psychology are relevant to public

engagement with science in different ways. Developmental psychology and

educational psychology provide theories of learning and identity development

that are broadly applied in formal and informal education. The specialization of

community psychology aims to develop theory, research, and practice focused

on the relationship of individuals to society or social systems that create

communities. Research often focuses on kinds of social change, including

social justice through research and action, community empowerment and

sense of community, as well as civic participation (e.g. Riemer et al., 2020).

Common focal topics include issues related to physical and mental health,

environment, and promotion of diversity. Those who are interested in
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conducting public engagement with science with aims related to trust, identity,

and access may especially benefit from engagement with this discipline and

academic publications (see for example, American Journal of Community

Psychology and https://scra27.org). Community psychology is also one discip-

line with established community-based research practices, so the field can also

serve as a resource for those who wish to conduct scientific research that

includes public participation.

This is, of course, not an exhaustive list of disciplines that can productively

influence the goals and techniques of public engagement with science initiatives.

Depending on the nature of the intended engagement, resources can also be found

in fields like professional and creative writing, journalism, early childhood

education, educational psychology, and law and public policy, to name a few.

The disciplines discussed here – especially science education, science com-

munication, and community psychology – can also provide resources for the

evaluation of public engagement with science initiatives. Assessment and

evaluation are important for any goal-directed activity, as this is how success

can be gauged, enabling iterative improvements. Program evaluation also

creates the opportunity for academic publication about public engagement

efforts and their effectiveness. Some evaluation can be very basic, such as

recording the number of participants reached and facilitating simple feedback

about what the participants enjoyed and their suggestions for the next iteration.

Even this basic evaluation is valuable. More involved assessments or evalu-

ations, such as measuring the participants’ changes in attitudes or abilities,

should draw from methods and validated instruments in the social sciences.

When learning outcomes are defined, educational research and evaluation can

provide resources for investigating the extent to which these learning outcomes

were achieved. More involved evaluations like these are usually best facilitated

by collaborating with researchers or evaluators who have relevant expertise.

Even simple tools like concluding surveys can benefit from the input of

researchers or evaluators with expertise in survey design.

2.2 Theoretical Resources

Other disciplines are well positioned to provide theoretical resources for public

engagement with science. These include, among others, history and philosophy

of science, science and technology studies, science policy, and applied ethics.

By “theoretical resources,” we mean ways of thinking about the relationships

between science and the public, the goals of public engagement, the status of

academic disciplines, and more that can provide a theoretical basis informing

how engagement initiatives are pursued.
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History and Philosophy of Science. History of science and philosophy of

science, sometimes collectively referred to as HPS, investigate the history of

scientific institutions and ideas and the theoretical and methodological features

of science, respectively. History of science examines how science has pro-

ceeded and changed over time, its relationship to social institutions, and

more. Philosophy of science studies how science unfolds, its hidden assump-

tions, its tools and methods, its range of findings, and its relationship to society.

This is all essential work for making sense of science and its relationship to the

public. For an introduction to the relevance of philosophy of science in particu-

lar, see Potochnik (2024). HPS research might focus on specific episodes in

science’s history or specific varieties of scientific research, or it might engage

more broadly with how science has unfolded or the very nature of scientific

investigation.

Philosophy of science has developed extensive theory regarding the nature of

science, including scientific practices and the relationship of science to society,

which has long been recognized as an important topic in science education,

outreach, and communication. The importance of scientific practices and sci-

ence’s role in society are increasingly recognized by a variety of scientific and

science education bodies, while state and national teaching standards, including

the Next Generation Science Standards, have shifted to further emphasize scien-

tific practices (McComas andNouri, 2016). There is evidence that attending to the

nature of science, rather than simply focusing on scientific findings, enriches

scientific understanding (Chang, 2011; Garik and Benétreau-Dupin, 2014; Hong

and Lin-Siegler, 2012; Janssen and Van Berkel, 2014; Garik et al., 2015) and may

contribute to the acceptance of controversial or polarizing scientific findings

(Lombrozo et al., 2008; Metz et al., 2018). Contextualization of scientific facts

with discussion of relevant scientific methods yields significant gains in attitudes,

interest, and other motivational factors (Becker and Park, 2011). Potochnik et al.

(2024) provides a broad survey of philosophical perspectives on scientific

methods and the relationship between science and society. Additionally, feminist

philosophy of science has focused on the role of values, identities, and trust in

science and the production of knowledge (Richardson, 2010). Some historians

and philosophers of science have authored books about science for broad audi-

ences that have been influential – perhaps most notably in recent history, Thomas

Kuhn (1962), who is responsible for the concept of a scientific paradigm. A more

recent example is (Strevens, 2020), which develops a characterization of the

power of scientific methods as a ruthless focus narrowly on empirical data. As

historians of science, Naomi Oreskes and Erik Conway (2011) trace the history of

how special interests interfered with research on scientific topics of public

concern, such as the dangers of smoking and climate change.
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Science and Technology Studies. While history and philosophy of science

have theoretical tools useful to public engagement with science, science and

technology studies (STS) focuses directly on how science and technology relate

to society. STS is an interdisciplinary field drawing most frequently on soci-

ology, history of science, anthropology, and political science. In contrast to

philosophy’s emphasis on theoretical and methodological aspects of science,

STS focuses primarily on social, political, and ethical issues related to scientific

institutions and the impacts of science and technology on society and the public.

Central to STS is the view that the science is inherently a social activity, so the

study of science as an enterprise is best done through an interdisciplinary

approach. STS examines impact of historical, social, and cultural contexts of

science, its development, and its consequences. The field most commonly

investigates these topics through the use of qualitative methods, such as inter-

views and case studies. STS thus offers theoretical resources for engaging

public communities in scientific research and advocacy, as a significant research

focus is on how science can more fully and equitably serve public communities

(Hess, 1997; Jasanoff et al., 2001; Sismondo, 2010).

Science Policy. Science policy focuses on using scientific knowledge to craft

various governmental policies, regulations, and structures, as well as the devel-

opment of policies, regulations, and structures related to the production of

science. Since these various policies impact the public, this can be another

domain with resources for public engagement with science. In particular, the

science of science policy focuses on studying the ways in which science and

governmental agencies engage and developing theory and practice of eliciting

policy change based on scientific findings, as well as models of the scientific

enterprise more generally (Fealing et al., 2011). This academic research space is

highly interdisciplinary and aims to bring together social science, behavioral

science, and policy communities (see for example, The Journal of Science

Policy & Governance). There are also organizations that aim to bring scientists,

government officials, and other academics together to collaborate on report

development and policy, such as the National Science Policy Network, the

Union of Concerned Scientists, and the Consortium for Science, Policy, and

Outcomes led by Arizona State University.

Applied Ethics. Applied ethics includes disciplinary and interdisciplinary

research on ethical considerations for real-world situations. Types of applied

ethics with potential relevance for public engagement with science include

bioethics, environmental ethics, AI ethics, and research ethics, among others.

Bioethics targets ethical and legal issues in biomedicine and biomedical

research, which have obvious relevance for public engagement with health

research. Public health ethics is of notable relevance; see for example Bayer
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and Fairchild (2004) and the journal Public Health Ethics. Environmental ethics

is closely related to sustainability research, its relationships to public concern,

and public engagement with environmental science. The Hastings Center

(https://www.thehastingscenter.org) provides a number of timely resources on

bioethics, environmental issues, and related issues in science. AI ethics is an

area of applied ethics emerging in tandemwith artificial intelligence, focused on

ways in which AI tools can exacerbate or potentially ameliorate inequalities.

Research ethics, in turn, provides moral frameworks governing the conduct of

scientific research, which relates closely both to implications of research for

the public and the inclusion of the public in scientific research. Iltis and

MacKay (2020) is a collection of research ethics work by many authors. Also

of potential relevance is political theory; for example, Schroeder (2022) advo-

cates a political rather than ethical approach – that is, engaging with deliberation

among people rather than with ethical principles – to navigating relationships

between science and the public.

These fields can provide various kinds of theoretical resources for how public

concern or priorities may shape scientific research and public engagement with

science. Above we have flagged some central books and key concepts from each

field for those interested in learning more.

2.3 Engagement Models from Scientific Fields

Scientific disciplines have obvious relevance to the scientific content of public

engagement with science initiatives, as we discuss in Section 2.5. But scientific

disciplines – both natural and social sciences – also have other kinds of relevance

for public engagement with science initiatives. For example, firsthand experience

with research activities can contribute to engagement initiatives, as when scien-

tists discuss their experiences or participate in open labs in museums. More

broadly, approaches to engagement and education in different scientific discip-

lines can be used as models to inspire and inform public engagement in other

fields.

Engagement in the Natural and Social Sciences. Modes of public engage-

ment in the natural sciences and in the social sciences tend to be very different. In

the natural sciences, the focus is often placed on sharing content knowledge or

inspiring interest and appreciation of that knowledge. Activities might focus on

conducting or recreating classical experiments; showcasing and inviting engage-

ment with plants, animals, or minerals; touring labs; or demonstrating the science

behind familiar technologies. In contrast, in the social sciences, public

engagement is more often directed at influencing policy and practice with social

scientific insights and using community perspectives to motivate and influence
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research. For example, the Ohio Policy Evaluation Network (OPEN) conducts

social-science research on how public policy affects reproductive health and

equity in Ohio and nearby states. The stated aim is to “improve reproductive

health outcomes and uphold autonomy for all Ohioans” (OPEN website: https://

open.osu.edu/about-open/). Each of these focuses – sharing knowledge and

inspiring interest, and influencing policy and practice – can be valuable, and

sometimes can be pursued in concert. But there tend to be well-explored paths for

how specific scientific fields conduct public engagement, so examining public

engagement conducted in other disciplines – even very different disciplines from

one’s own – for different models of engagement can be instructive. Considering

modes of public engagement in disciplines distant from one’s own can help one

recognize the potential for novel modes of engagement.

Disciplinary-Based Educational Research (DBER). Disciplinary-based

educational research is “an empirical approach to investigating learning and

teaching that is informed by an expert understanding of [STEM] disciplinary

knowledge and practice” (NRC, 2012). Where the scholarship of teaching and

learning (SoTL) focuses on inquiry into student learning and improving one’s

own teaching and curriculum in light of pedagogical best practices, DBER

focuses on empirical investigation of different educational strategies, assess-

ments, and practices. Though SoTL and DBER exist along the same continuum,

DBER is more frequently engaged in by STEM communities due to its reliance

on systematic research methods, akin to scientific inquiry (https://soler.columbia

.edu/sites/default/files/content/DBER%20Guide%20Figs/SOLER_Faculty

Guide_062920.pdf). DBER is thus directly relevant for engagement targeting

college students. Students in undergraduate general-education college courses

are, after all, the largest segment of the nonspecialist public that most

academic researchers engage with directly. Effective approaches to teaching

and learning specific to the content and circumstances of scientific disciplines

can meaningfully improve this engagement – leading not only to better

content knowledge but also other outcomes related to trust, identity, and

interest.

DBER findings also have a much broader potential relevance for public

engagement with other kinds of audiences. This research commonly aims to

identify effective ways to teach specific scientific content or techniques, and

this can be relevant to public engagement outside the classroom, especially

when the aims include increased understanding. So, while DBER research applies

directly to college instruction, this research can also indirectly inspire engage-

ment techniques relevant to outreach in, say, high-school science classes, STEM

afterschool clubs, or science experiences targeted at adult learners.
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Community-Based and Action Research. Scientific research that includes

members of the public as part of the research progress in ways that go beyond

merely serving as research subjects goes by several different names, including

community-based participatory research (CBPR), action research, community

science, and citizen science. These approaches vary in how and why they

include public participants. In some cases, the public primarily assist with

data collection or analysis, while other research activities are co-created with

the participating public, with scientists and members of the public together

designing the research questions and coordinating in data collection and ana-

lysis. Community-based participatory research and action research in particular

offer models for public participation in scientific research that goes beyond data

collection to include public participation in all aspects of research design and

implementation. This involvement enables community priorities to shape the

research questions, approaches to data collection, and utilization of findings.

These practices for involving public participation in scientific research have

grown up in a variety of fields, largely in the social sciences, including anthro-

pology, community psychology, educational research, and health research,

among other fields (Vaughn and Jacquez, 2020). Inclusion of the public is

much broader than just these research traditions, especially in environmental

and health research, but rationale and methodology are often less well devel-

oped. There is thus an opportunity for public engagement involving participa-

tion in scientific research in other fields to gain insights from CBPR and action

research traditions, particularly in how to effectively and justly employ partici-

patory techniques and how to more deeply involve public participants in

research. Some practical guidance for community-based research is provided

by Ross et al. (2010). Including public participation in scientific research, and

doing so thoughtfully so as to include targeted communities and adequately

incorporate their values and voices (Dunlap et al., 2021), is one important

variety of public engagement with science. See Section 5 for more on this

form of public engagement.

2.4 Scientific Content

Up to this point, this section on disciplinary resources for public engagement

with science has focused almost entirely on resources for public engagement

practices rather than scientific content of engagement. One reason for this is the

outsized emphasis that scientists interested in public engagement tend to place

on content-knowledge, as discussed above (Besley et al., 2015; Simis et al.,

2016). Another reason is that public engagement practices generalize quite well
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across forms of engagement, while content varies significantly. The disciplines

that can provide relevant content knowledge accordingly also vary.

Nonetheless, in this last section, we will briefly comment on disciplines that

may provide content knowledge for public engagement initiatives. The first

obvious place to look for relevant content knowledge are scientific disciplines

involved in or targeted with the engagement initiatives. A wide variety of

disciplines across the natural and social sciences – as well as engineering,

medicine, planning, andmore – can be relevant in this way. The relevant content

may include cutting-edge research breakthroughs or cumulative state of know-

ledge about some topic. Although scientists are trained to emphasize the novelty

and importance of their own research, broader, more well-established know-

ledge is often more valuable as the content of public engagement. If the focus is

recent research breakthroughs, emphasis usually should not be placed on radical

transformation or novelty but continuity and extension of existing knowledge.

Such framing supports public trust in science and a recognition of the value of

scientific consensus, which are valuable ends, even if it decreases the appear-

ance of novelty (Slater and Scholfield, 2022). Similarly, while research publi-

cations must emphasize the novel contribution the publication makes to the state

of knowledge, public engagement initiatives often benefit from bringing in

much broader content and emphasizing general characterizations and connec-

tions rather than highly specific insights.

In keeping with the different aims of understanding, identity, trust, access,

and interest we identified in Section 1, notice also that the role played by content

knowledge in public engagement may not be to increase public participants’

understanding of that content. Perhaps instead the goal is to give access to an

insider’s perspective to shift identity perception, to provide insight into

a research consensus to increase trust, raise new questions the participants

hadn’t considered, or simply to spark interest through fascination and fun. To

further any of these goals, content knowledge need not be transferred to the

participating public during engagement.

We also saw in Section 1 that even the aim of understanding may not relate

straightforwardly to scientific content. Understanding of scientific methods and

practices may be especially valuable (e.g. Weisberg et al., 2021). Accordingly,

scientific disciplines are not the only place to turn for content knowledge

relevant to public engagement. For example, we described in Section 2.2 how

history and philosophy of science can be relevant to public understanding of

these topics. Science and technology studies, applied ethics, and more can also

provide relevant content knowledge about the practice of science and its

relationship to society.

31Public Engagement with Science

use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009475105
Downloaded from https://www.cambridge.org/core. IP address: 3.15.141.146, on 10 Feb 2025 at 08:39:54, subject to the Cambridge Core terms of

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009475105
https://www.cambridge.org/core


2.5 Conclusion

In this section, we have explored how a range of different academic disciplines

can be relevant to public engagement with science. For expertise bearing on the

goals and techniques of public engagement with science, one might explore

science education, museum studies, science communication, and community

psychology. For theoretical resources relevant to public engagement, one might

consider history and philosophy of science, science and technology studies,

science policy, and applied ethics. One might findmodels for how public engage-

ment can be carried out by considering different fields in the natural and social

sciences, disciplinary-based educational research, and community-based and

action research in the social sciences. And, finally, a wide range of science,

engineering, medical, and applied fields can influence the content of public

engagement with science initiatives. Yet the proper goal of public engagement

is often something other than transferring knowledge of scientific content to the

participating public. And, scientific consensus positions and established know-

ledge tend to be more relevant than cutting-edge research breakthroughs.

This discussion has also provided some initial resources as ways to gain

disciplinary knowledge relevant to one’s public engagement plans or priorities.

No one involved in public engagement with science – academic or engagement

professional – will engage deeply in all of these disciplines. But a clearer sense

for this broad constellation of disciplines and the resources each has to offer can

make public engagement efforts more efficient and effective. While the sec-

tion’s focus was primarily on academic disciplinary knowledge, some of the

disciplines we surveyed, like science education and museum studies, are

informed by public engagement practice. In the following section, we explore

how collaboration can be used to incorporate disciplinary expertise as well as

the expertise of public engagement practitioners.

3 An Essentially Collaborative Endeavor

In Section 2, we surveyed disciplinary resources that bear on public engagement

with science in one way or another. This sets the stage for the point we will

develop in this section: activities in public engagement with science benefit from

collaboration across disciplines and with a variety of practitioners and organiza-

tions. As we’ve seen, several academic disciplines have content, methods, and

practices that can facilitate and enrich public engagement initiatives. Public

engagement with science is also benefited by a further form of collaboration,

namely, partnership with public engagement practitioners and community organ-

izations. Public engagement practitioners and community organizations offer

relationships with different types of public audiences, expertise and programs
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that can support public engagement collaborations, and – perhapsmost crucially –

organizational priorities and knowledge of their public constituents that can shape

appropriate goals for public engagement initiatives.

In this section, we address issues related to why and how to collaborate across

academic disciplines and with practitioners and community organizations. We

begin by exploring how collaboration across academic disciplines and with partner

community organizations are important for the effectiveness of public engagement

with science initiatives (3.1). Central to fostering effective collaborations is attune-

ment to the various and differing values and goals different collaborators might

have. Accordingly, this section then turns to resources for managing collaborations

between academics and community organizations (3.2). Regarding higher educa-

tion contexts, we survey institutional structures of colleges and universities that can

be leveraged to facilitate and support public engagement (3.3) and how bench-

marks of academic success, especially reappointment, promotion, and tenure

requirements, can better support public engagement (3.4). This section is most

directly relevant to academics who conduct or want to conduct public engagement

activities, as this is the perspective the authors bring to this project. But, this section

can also be useful to public engagement practitioners who want to motivate or

improve their collaborations with academics.

3.1 Collaborating across Academic Disciplines and with
Community Partners

In Section 1, we defined public engagement with science as attempts to inter-

vene on some aspect(s) of how the public relates to science, to the end of

improving the relationship. This definition immediately suggests reasons why

collaboration across academic disciplines and with community organizations

may be helpful for public engagement with science initiatives. Effective public

engagement with science requires not only expertise in scientific content but

also skills like effective communication, bridging of social divides and cultiva-

tion of trust, inspiring interest during brief encounters, and multiple perspec-

tives on science and its roles in society, as well as the cultivation of

relationships. Doing all of this well requires collaboration among people with

a wide variety of expertise.

To start, as we saw in Section 2, a number of different academic disciplines

have developed research and skills bearing variously on the goals and tech-

niques of public engagement, theoretical resources for public engagement,

evaluation of the effectiveness of public engagement activities, and models of

effective public engagement of a variety of kinds. Cross-disciplinary collabor-

ation is thus valuable in making available more of this variety of resources.
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Furthermore, interdisciplinary and cross-disciplinary research is strongly

encouraged by various science organizations, academies, and grants agencies

as a path toward advancing fundamental understanding or a way to solve

problems, as often solutions are beyond the scope of one discipline alone

(National Academies of Sciences, 2005). The ability to conduct inter- and cross-

disciplinary work is also seen as a critical skill to cultivate in graduate STEM

education (National Academies of Sciences, 2018).

There is reason to think that adopting an interdisciplinary approach is particu-

larly important to delivering meaningful public engagement with science (and

training in public engagement with science) that follows the pattern outlined in

this Element. An interdisciplinary approach facilitates the development of expert-

ise not only in scientific content but also in effective communication, bridging

social divides, cultivating trust, and inspiring interest during brief encounters

(Miller, 2001; Sturgis and Allum, 2004; Harry and Klingner, 2007; Nisbet and

Scheufele, 2009; Groffman et al., 2010; de Melo-Martín and Intemann, 2018).

These needs are increasingly salient once public engagement looks to aims

beyond understanding scientific content and formats beyond the dissemination-

based deficit model. Academicswith experience in interdisciplinary collaboration

are also better able to articulate the meaning and value of interdisciplinarity not

just for science but for society as well (Borrego and Newswander, 2010). And yet

existing research in effective public engagement with science approaches is

scattered across disciplinary specialties, often siloed in distinct literatures on

communication, science education, museum education, psychology, digital

humanities, professional writing, and others, and existing graduate public out-

reach training tends to target specific disciplines (e.g. Laursen et al., 2012). For

this reason, research on effective facilitation of interdisciplinary work is likely to

be another domain to bring to bear on public engagement (Gunawardena et al.,

2010; Hubbs et al., 2020; Pfirman and Martin, 2010; Derrick et al., 2011).

Effective intervention on some interface between science and the public thus

benefits from a wide variety of academic disciplinary resources and also atten-

tion to how to bring to bear resources from different disciplines. But these are

not the only needed resources or collaborations. Professionals in a wide variety

of community organizations also have expertise, skills, perspectives, and rela-

tionships that improve public engagement with science initiatives. Relevant

types of professionals include, to start, educators in informal or non-formal

science education organizations, such as museums, zoos, and aquariums, as

well as in school and childcare settings. Other staff in museums, zoos, etc., such

as curators or sustainability staff, can also be relevant to shaping public engage-

ment plans. For other kinds of projects, journalists or other media professionals

may be important collaborators. Community leaders, government officials, and
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nonprofit professionals are another set of public-engagement practitioners who

can serve as resources for some kinds of public engagement with science

initiatives.

Public engagement professionals can serve as resources and collaborators in

a number of ways. For one thing, these professionals have cultivated expertise

in public engagement relevant to their professional context – such as science

museums, kindergarten classrooms, local media, and regional sustainability

initiatives, to give just a few examples. These areas of expertise and skillsets

may be drawn from directly in collaborative initiatives or simply can be a source

of guidance and feedback. It might be worth considering not only practitioners’

expertise but also their distinctive perspectives. Such perspective includes

professionals’ knowledge of their organization’s needs, priorities, resources,

and constraints, and it often also includes insight into constituents’ interests and

concerns, as well as institutional knowledge of what’s been done in the past and

how it went. Another way in which public-engagement professionals can serve

as a resource is through the relationships they have developed. This can include

personal rapport with relevant publics, mailing lists, the expectations they’ve

cultivated in those who engage with them, and more.

An ambitious, interdisciplinary vision of public engagement with science

requires significant collaboration, not just among academic researchers but also

with community partners like experts at museums and zoos, classroom teachers,

afterschool care providers, and more. Initiatives benefit from exploring models

developed by others, deploying initiatives with sensitivity to contextual factors,

and engaging with partners from other disciplines and in professional practice

whose collaboration may strengthen the initiative. Awide range of stakeholders

have an interest in effective public engagement with science, and it is essential

to value and deploy the expertise, perspectives, and goals of each of them.

3.2 Working Effectively with Community Partners

Section 3.1 emphasized the importance of collaboration for effective public

engagement with science, but individuals with different expertise and focuses

can find it challenging to initiate collaborations. This is perhaps especially acute

for collaborations between academics interested in public engagement and

public engagement professionals. We thus turn now to a consideration of how

academic researchers and public engagement professionals at community part-

ner organizations can work effectively together. The overarching principle of

this discussion is that effective collaboration always starts from a consideration

of the needs, constraints, and priorities of each partner. Achieving this requires

navigating myriad small differences in approach between academic and
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professional cultures. Here are some general guidelines that may be useful for

academic researchers approaching community organizations and professionals

employed at them – and for public engagement professionals motivated to

navigate academic cultures.

To start, academic institutions and community organizations, especially non-

profit organizations, tend to work on different seasonal timelines. Academic

institutions are constrained by the academic year, where availability of students

and faculty for structured opportunities like courses is largely limited to the fall

and spring, while summer can provide an opportunity for more open-ended

engagement – but only with sufficient advance planning. The pace of academic

initiatives tends to be very slow by the norms of other professions. The seasonal

timelines of community organizations are more variable but no less constraining.

For example, the funding and thus activities of many nonprofit organizations may

be tied to specific grant cycles. Museums often schedule their exhibits years in

advance, and they know to expect a rush of visitors when schools are not in

session and few visitors in September. Successful collaboration across academic

and community organizations thus requires sensitivity to and accommodation of

the timelines and constraints that shape each organization’s work. Consider, for

example, that the authors have had a conversation with a funding director of

a local nonprofit organization who expressed the view that it is very risky to work

with academic researchers, given all that is at stake for them in projects staying on

track for the future grant applications theywill need to write on a set timeline. See

Ross et al. (2010) for helpful similar considerations for effective partnership in

community-engaged research in particular.

Regarding effective communication, note that telephone communication is

very uncommon in academic cultures, while email correspondence dominates.

In contrast, telephone communication is more common inmany other professions

and reliance on email correspondence less common. Trying different modes of

communication – telephone, email, and in-person and virtual meetings – can be

useful. In many cases, initiating a conversation about communication norms and

preferences, including modes of communication, frequency, and speed of

response, can be helpful. Meeting to learn more about the other individual or

organization and to brainstorm potential collaborations can be especially valu-

able. One thing to bemindful of is that times of availabilitymay differ –with early

mornings and lunchtimes oftentimes easiest for professionals, while many aca-

demics tend to schedule meetings frommidmorning through early afternoon. It is

often simpler to meet somewhere other than the academic institution, as college

and university campuses can be hard to navigate and can have difficult logistics,

like parking. It can be helpful to explore what meeting locations will be conveni-

ent to all parties, without presuming that other parties have flexibility to travel
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offsite or are familiar with your work location. Virtual meetings can be conveni-

ent, though here too norms differ regardingwillingness tomeet virtually and what

meeting platforms are available. It also can be much easier to connect across

differences when meeting in person.

Though this might not be readily apparent to some in a university setting,

academic researchers are typically perceived as high powered not only by public

audiences but also by many professionals with whom we engage. It can be

tempting for academic researchers to presume that other professional cultures are

similar to academic cultures, and that academic researchers know enough about

other kinds of organizations and professions to have new ideas of use to them. But

it is worth resisting these and similar assumptions. Instead of centering one’s own

values and expectations, an academic researcher can get a longway by reaching out

to potential partners before their plans are already formed, by asking questions (and

listening to the responses!), and by being responsive to others’ organizational

norms and priorities. Conversely, we have witnessed public engagement profes-

sionals adeptly managing collaborations with academics by clearly and directly

indicating their opportunities, needs, and limitations, as well as what from the

collaboration is of interest and potential value to their organization.

The point about reaching out to potential partners early, before plans are

formed, deserves additional emphasis. We authors, as directors of our univer-

sity’s Center for Public Engagement with Science, have seen many examples of

academics planning public engagement initiatives and only reaching out to

a planned partner when the plans have been formulated, or even reaching out

only with a final deliverable. (We will admit that both of us have also done these

things!) There’s often also an implicit assumption that the plan or deliverable is

of value to the community organization. For example, a researcher may intend

to produce materials for a museum exhibit related to a research project they are

conducting. But, simply passing deliverables on to a community organization is

a strategy nearly guaranteed to fail. This approach does not take into account the

organization’s needs nor their existing plans and need for advanced scheduling,

and it precludes the possibility of their expertise and interests shaping the

initiative. Staff of the community organization almost certainly have expertise

that could have helped to produce a better final output, and some may even feel

overlooked or insulted by the failure to consult with them. In a museum, for

instance, curators are professionals trained and tasked with creating exhibits,

and museum educators have professional training and job responsibilities

related to museum programming, whereas academic researchers rarely have

either set of skills and insights. (Academics, imagine if someone with no

professional background in your discipline called out of the blue to offer you

a new syllabus for a course you had developed over the past decade, since they
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too have interest in that topic.) Too often deliverables generated by academics

eager to conduct public engagement, but without the collaboration of commu-

nity partners, results in materials on a shelf somewhere, gathering dust.

Instead, approaching potential partners early in the planning stages

of a project, with openness to their ideas and constraints, enables thoughtful

co-creation of initiatives that meet both parties’ needs. This maximizes the

chance of creating an initiative that is well suited for its context, that meets the

community partner’s needs and interests, that is aligned with the academic’s

goals and abilities, and that will have lasting impact. Engaging with partners

early is also the best route to successful engagement with the desired public

participants, as it enables successful partnership with organization(s) that can

maximize the effectiveness of the initiative and gain access to the intended

public participants. Many of the points made about effective collaboration in

this section also extend to effective engagement with members of the public as

well. It pays to be curious about the values and needs about the segment(s) of the

public you intend to engage with, rather than anticipating what they will need

and what you think they should value.

We will conclude this section with a list of five tips for developing partnerships

between academics and professionals at community organizations, some of

which relate to discussion above. First, there is no single formula. Instead,

every project and community partnership will be context dependent, depending

on the needs, priorities, and constraints of academic collaborators, community

partners, and public participants. Second, don’t reinvent the wheel. Instead, start

by exploring what projects, groups, and organizations already exist within your

university or nearby universities and the community. Relevant affinity programs,

structures, and communities almost certainly already exist, and, by tapping into

these, you collaborate rather than compete for audience or participants.

Third, know your partner. Do your “homework” before an initial meeting so

you are well prepared with relevant questions. Be curious about their interests

and ideas. As the project develops, learn their needs, priorities, and what works

well for them, and actively listen to them. Public engagement professionals

often have insight into the targeted public participants, so should be heeded in

their advice on this as well. Public engagement professionals, be transparent

about how collaboration with academics is useful andwhat would be valuable to

your organization. Fourth, find opportunities to co-create. Even as you prepare

for an initial meeting, avoid the urge to come prepared with a fully developed

idea. Instead, arrive ready to brainstorm collaboratively, with a few ideas and

seeking alignment with the other party’s goals and interests. And remember to

build their input and feedback into your plans. Moving too quickly, without

checking in enough, is a real risk.
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Fifth and finally, listen and be responsive to your collaborator’s goals.

Understand, appreciate, and take into consideration the needs, values, and

goals of the organization and the community it serves, as well as resources

available (and not available) to them. Reflect on and ask about the following:

How will this organization benefit from the initiative? What resources will it

cost them? Is the initiative meeting a need they have? Consider the possibility

that the initiative or your collaboration may be welcome but still a net cost to the

organization. You may need to find resources to fund the organization’s partici-

pation in your initiative. These suggestions are summarized in Table 2.

Collaboration between academics interested to engage with the public and

professionals and organizations outside academia increases the effectiveness of

most public engagement with science initiatives by bringing to bear a variety of

relevant expertise, tailoring initiatives to the local community context, refining

plans to meet real needs and to connect effectively with public participants, and

ensuring initiatives are goal-oriented and sustainable over time. In this section,

we’ve surveyed recommendations for how to establish effective collaborations.

A theme has been variety: there’s no single way to collaborate and no list of

proper collaborators. Instead, effective partnership for public engagement ini-

tiatives is resourceful and open-minded.

3.3 Making Use of Academic Institutional Structures

In the previous section, we considered features of effective academic–practitioner

partnerships in public engagement with science. In this section and the next, we

turn our attention to how academic institutional structures can be engaged with to

support public engagement with science – and then to how those structures

might be improved to better support effective public engagement. An exten-

sion of the idea that resources for public engagement with science are found in

different academic disciplines is the idea of looking to universities’ institu-

tional structures for support and insight. The structure and function of univer-

sity administrative offices vary widely, of course, so the specific details at any

given university may well be distinctive. But it’s possible to provide some

general guidance on what kinds of institutional structures at universities and

other academic entities may be relevant and how these might be useful. Note

that, while this section and the next are perhaps most relevant to academics

pursuing public engagement initiatives, public engagement professionals

outside of academic contexts might find this information useful in facilitating

their collaborations with academic researchers.

To start, it’s worth exploring what initiatives and partnerships already exist at

your institution or academic institutions in your region. These might offer
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opportunities for collaboration, a model of successful initiatives, or simply rela-

tionships through which you can learn about and be connected to potential partners

within or outside the university. The list of disciplines in Section 2 can be used to

guide a search of a university’s website for potentially relevant faculty. Invite

conversation to learn about their efforts and, if the conversation is fruitful, to

explore the possibility of collaboration. One potential difficulty is that public

engagement activities can be hard to identify in traditional representations of

academic activities, as on websites or curriculum vitae. It can take time and patient

exploration to get a full picture of relevant activities and potential collaborators at

an academic institution. Sometimes cross-disciplinary collaborations can provide

useful connections to public engagement professionals who might be potential

collaborators or even entry points to accessing relevant public audiences, such as

a well-established public discussion series held in partnership with a local organ-

ization with a loyal audience.

A variety of different university administrative offices can focus on commu-

nity engagement, and these can also serve as resources and connection points

between academic researchers and students and community partners or public

audiences. Some universities and colleges or smaller administrative units within

them have offices of community partnership. Diversity, equity, and inclusion

(DEI) offices sometimes focus on community engagement as well. In the

authors’ experience, community engagement offices may focus largely or

entirely on undergraduate volunteer engagement and not be prepared to support

the public engagement efforts of faculty or connect public engagement practi-

tioners to faculty. Nonetheless, these offices may have established deep rela-

tionships between the college or university and relevant community

organizations that can be redeployed in new ways. Community engagement

Table 2 Five pieces of advice for developing initiatives with academic
and community partners

1. No single formula Projects depend on the needs, priorities, and
constraints of partners and public audiences

2. Don’t reinvent the
wheel

Explore what groups already exist and how you can
collaborate

3. Know your
partner(s)

Be prepared with background information and
curious about partners’ interests and ideas

4. Find opportunities
to co-create

Engage in collaborative brainstorming; build input
and feedback into your plans

5. Listen and be
responsive

Consider the needs, values, goals, and resources of
partners and relevant communities
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offices can also be a way to get students, especially undergraduate students,

involved in public engagement efforts spearheaded by community organiza-

tions or faculty, perhaps through a service-learning course or paid or volunteer

internships. Some office on campus is almost certainly focused on university–

community relations. This might be the same community engagement or DEI

office, or it might be distinct. These offices too are usually not well positioned to

facilitate faculty public engagement efforts, but they may be able to provide

information about existing and past outreach at the institution, resources on

campus, and perhaps connections to relevant community organizations.

Another resource for faculty to consider is their college or university’s grants

office. Grant officers often know who at the institution is doing similar work

from reviewing faculty grant proposals. Similarly, if one’s university has one or

more offices that award internal grants, they may also have a sense of faculty

with complementary interests or activities, and they may be willing to help

“matchmake,” putting you in touch with these researchers. Some universities

also have a broader-impacts or research- and knowledge-mobilization officer or

office – that is, an office specifically dedicated to helping researchers connect

with the community for the purposes of enhancing the competitiveness of grant

proposals. If such an office exists at your institution or an academic institution

you want to connect with, it can be very helpful in connecting you to researchers

with relevant interests and activities or to potential off-campus collaborators. Of

course, different kinds of offices exist at different institutions, and every office

is run differently. Many times, just as with seeking potential collaborators, it

takes many conversations of open brainstorming to find individuals with ideas

and aims aligned with your own.

Another potential resource at academic institutions for public engagement

initiatives is the institution’s alumni office or foundation. The alumni of an

institution are members of the public, and alumni offices typically arrange

programming and other opportunities for alumni. The alumni office thus may

be looking for public speakers, researchers to feature in alumni events or in an

alumni newsletter or magazine, and so on. Of course, public engagement activ-

ities with the alumni office reach a particular segment of the public: university-

educated adults, usually in the region of the institution. This is only suitable for

certain kinds of public engagement with science initiatives, but it can be a great

opportunity when it is suitable. The targeted demographic of alumni events also

can have some advantages. This is an audience of mature adults who are primed,

given the university-focus, to engage in a learning experience. Alumni offices can

also offer public engagement professionals, especially those who happen to be

alumni of the institution, avenues in to connecting with and influencing the

outreach activities of the institution, its faculty, and its students.
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Beyond offices and people at academic institutions, it’s also worth consider-

ing potential alignment with the university’s strategic vision or institutional

priorities. Even if there is no office with this as its mission, societal and

community impact of research and teaching activities is often recognized as

a central goal by colleges and universities – even if these institutions are not

effectively aligned behind this goal. Thus, considering how your public engage-

ment with science priorities align with institutional priorities can be a route to

finding institutional connections, institutional attention, and perhaps institu-

tional investment. Effective collaborations between parties at an academic

institution and community organizations can be a ready way to signal commu-

nity impact to the institution. It can also be worth considering how your

intended public engagement with science activities align – or may be reworked

to align – with diversity, equity, and inclusion priorities of the academic

institution. Oftentimes DEI efforts are seen as related to community relations

and partnership, which makes public engagement initiatives potentially rele-

vant. And, just as alignment with alumni office priorities leads to the prioritiza-

tion of a certain segment of the public, alignment with institutional DEI efforts

can lead to a prioritization of accessing underserved communities, especially

locally, which can lead to impactful engagement.

College and university courses can also offer opportunities for some public

engagement with science initiatives. For academics interested in public engage-

ment, one particularly relevant segment of the public is the students in our

classrooms. Certain kinds of courses or individual class meetings can provide

opportunities for public engagement activities with goals related to these

students’ understanding, trust, and connection to science. Undergraduate or

graduate courses can also provide the opportunity to teach students public-

engagement skills or to provide them opportunities to practice public engage-

ment of one kind or another. For example, a course with a focus on environment

or sustainability might include a meeting on climate-change advocacy or

climate-change communication. Or, a course on community psychology

might involve community-engaged research and culminate in a presentation

to City Council of the findings (see, for example, https://ucengagingscience.org/

2019/12/05/trotts-community-research-senior-capstone-students-present-at-

city-hall/). Service-learning courses can involve cultivating community rela-

tionships or partners for students to work with in their own, facilitated public

engagement. Of course, many of these same courses are opportunities for

community organizations and public engagement professionals to connect

with students to teach them about public engagement or to partner with classes

or a group of students within a class on public engagement initiatives.

Collaborations and connections between college classes and community
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organizations can also be a valuable opportunity for career education (and, for

the organizations, for professional recruitment).

Other academic institutions besides colleges and universities can also pro-

vide support and models for public engagement with science. Professional

societies are a prime example. National and international professional societies,

such as the American Chemical Society, the European Geosciences Union, and

the International Communication Association, often have missions that include

public outreach about their focal discipline and stewardship of that discipline.

Depending on the size and existing programming of a professional society, the

society’s executive office, academic conferences it hosts, or chapters at individ-

ual colleges and universities may be interested to support or collaborate in

public engagement initiatives relevant to their organization’s focal discipline.

Professional societies or their chapters can also provide an opportunity for

teaching about public engagement. Affinity organizations similarly can be an

institutional connection for public engagement initiatives. Affinity organiza-

tions at universities or in academic disciplines support members of one or more

historically marginalized groups in their involvement in a discipline or profes-

sion. Examples include Women in STEM (WiSTEM); Society of STEM

Women of Color; the Society for the Advancement of Chicanos/Hispanics

and Native Americans in Science (SACNAS); and the National Organization

for the Professional Advancement of Black Chemists and Chemical Engineers

(NOBCChE). As with professional societies, community outreach and engage-

ment is often a central component of affinity organizations’ mission. These

organizations thus are potential collaborators for academics conducting public

engagement and public engagement professionals alike.

Public engagement with science initiatives can also gain structural support

through various research funding mechanisms. For example, all grant proposals

to the U.S. National Science Foundation (NSF) are required to include an explicit

statement of the potential broader impacts of the research project. Canada and

Europe similarly emphasize “research and knowledge mobilization.” These

requirements are included as a way of representing the importance of societal

impact and applications to industry, society, and education. The NSF, for example,

states that its Broader Impacts Criterion “may be accomplished through the

research itself, through activities that are directly related to specific research

projects, or through activities that are directly supported by, but are complementary

to, the project” (National Science Foundation, 2015). Grant-funded research is thus

a primary opportunity to support meaningful public engagement initiatives.

Yet, while broader impacts or research/knowledge mobilization are a central

emphasis of many funding agencies, the reality can fall short of the vision.

Many principal investigators consider the NSF’s broader impacts criterion to be
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neither transparent nor practical (Bornmann, 2013), and this criterion is often

met with “considerable confusion and dread” (Lok, 2010). Some researchers

don’t know how to properly address these criteria for societal impact, while

others have no interest in societal impact and do not see it as part of their

responsibility to conduct this work (Bozeman and Boardman, 2009; Alpert,

2009; Schienke et al., 2009; Frodeman and Holbrook, 2011).

This need for grants to address societal impact is a prime opportunity for

collaboration on public engagement with science initiatives. Public engagement

professionals and academics knowledgeable about and motivated to conduct

public engagement with science may find financial and other support for their

engagement initiatives via incorporation into a grant proposal with an aligned

research focus. Some grant programs are also geared to support public engage-

ment with science, including by or in collaboration with community organiza-

tions, such as the NSF Advancing Informal STEM Learning (AISL) program.

Further, public engagement professionals and community organizations can be

valuable resources and potential partners for grant-seekers in need of demon-

strable societal impacts for their projects. In some cases, community organiza-

tions focused on public engagement may be able to standardize broader impacts

opportunities related to their outreach or outreach training, enabling these oppor-

tunities to be “plug and play” for grant applications from different researchers at

colleges and universities in the area. This can be a way to generate consistent

public engagement activities – and consistent funding for those activities.

Grants at the state and regional scale, such as through foundations and govern-

mental and educational organizations, are also potential funders of public engage-

ment with science initiatives. Throughout, this Element emphasizes the value of

developing public engagementwith science initiatives that are localized, embedded

in a local context, with local or regional audiences and collaborating organizations.

There’s a tendency for academics to think about public engagement on the model

of research activities: broad dissemination, aimed at national or international

venues, equally available to all. But, unlike much traditional academic research,

many forms of public engagement with science benefit from personal connections

and localization – and, as we saw in Section 1, from bidirectional exchange rather

than simply dissemination. These features can make these activities good targets

for state or regional, or even municipal, funding.

3.4 Securing Academic Reward for Public Engagement

In the last section, we surveyed academic institutional structures that can support

public engagement with science initiatives spearheaded by or involving academ-

ics or college students. One major challenge for many academics and graduate
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students interested in public engagement with science is that academic reward

systems as currently structured do not typically value this work. In this section,

we turn to look at how academics can navigate those systems – especially

reappointment, promotion, and tenure – with an eye to making their public

engagement activities count toward professional advancement. We also consider

how divisions and institutions can make changes to better support public engage-

ment activities. Though this section’s discussion is only indirectly related to

collaboration, it builds on the previous section’s examination of academic insti-

tutional structures, and the topic is of key importance for academics wishing to

take on public engagement activities. This discussionmight also be useful context

for people not working in the academy, including public engagement profes-

sionals, to get a better sense for reward structures and requirements faced by

academic researchers with whom they collaborate.

The main strategy we advocate for individual academic researchers navigating

reappointment, promotion, and tenure processes (colloquially, RPT) is to think

strategically about how your public engagement activities might fit into the

customary RPTcategories of research, teaching, and service. Many public engage-

ment with science activities will count as service to the community, and some may

qualify as teaching activities. A challenge is that many institutions place more

weight on research contributions than teaching and service contributions – in some

cases, significantly higher weight. Community-engaged research is one form of

public engagement with science that qualifies as research, but even then, research

in partnershipwith communities can be slower to conduct and less predictable in its

outcomes, which can disadvantage community-engaged researchers.

That said, a few adjustments or additions to public engagement activities may

help those activities carry more weight for RPT. First, one step is simply to

ensure you maximize the visibility and record of success for public engagement

activities that qualify as service. For example, you might ensure department and

university leaders are aware of your activities, perhaps even witnessing them;

record total number of participants and other metrics of successful outreach; and

write up the activities or outcomes in some format, like a post on a professional

blog or discussion forum, to increase their salience. Second, considering ways

to get students involved in your initiatives – in a traditional course as students,

as interns, or through other means – can result in those initiatives counting as

innovative teaching and mentorship, beyond simply public-facing service. This

alignment can also create resources via alignment of public engagement activ-

ities with teaching duties and training students to support the initiative. From the

perspective of the student, these can be experiences or activities that are

important to their education and valuable to list on their CVs or job resumes.
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Third, you might also consider whether your public engagement with science

activities can support more traditional research accomplishments. Grant support

for public engagement initiatives is broadly recognized as a research accom-

plishment, especially for principal investigators and co-principal investigators

of the grant. One might seek grants that support public engagement as the main

or one of the main aims, or, as discussed in Section 3.2, one might seek to

partner with researchers to support the societal impact of their research.

Community-engaged research can support research publications much like

traditional research. Other public engagement might be an opportunity for

disciplinary-based educational research about the public engagement as

a teaching tool, an opportunity for research into the effectiveness of the engage-

ment at accomplishing its goals, or theoretical work on your public engagement

initiative as a model, for example. This Element is an example of this approach,

as the coauthors are initiating an edited series and authoring an Element in that

series to summarize our learning about public engagement with science

approaches and opportunities. Cross-disciplinary collaboration can be useful

for reconceptualizing public engagement initiatives as research-supporting, as

this enables researchers with different skills and disciplinary involvement to

engage in ways that may create or enrich research potential. For faculty who

participate in graduate degree programs, public engagement initiatives can also

support student publications or coauthored publications and dissertations.

A similar point holds for undergraduate student coauthorship and theses at

undergraduate-student-focused universities.

If you are an academic in a department with control over the documents

governing RPT criteria, then you can advocate for public engagement to be

included in those categories. Here too, it is worth considering how public

engagement might feature not just in service, but in teaching (such as by

including an emphasis on service-learning courses and student training or

research experiences) and research (such as by including public writing or

community-based research as research outputs) as well. Indicating alignment

with institutional priorities can be helpful in making the case for such changes,

as is findingmodels in RPT documents in other institutions or other departments

of your institution. It can also be helpful to include in RPT or workload

documents resources for supporting the RPT cases of publicly engaged faculty,

such as statements recognizing how community-based research takes longer

than traditional research or discussions of how public engagement enriches

research. RPT revisions like moving away from simple quantitative metrics

toward contextual evaluation can also be helpful. Public-centered, collaborative

public engagement requires thoughtful partnership and the cultivation of

trust – neither of which is quick or simple.
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Another important consideration is for public engagement to be supported and

rewarded for students and faculty at all career stages. Sometimes faculty have the

instinct that public engagement activities should be saved for after tenure, after

more traditionally appreciated work has been conducted. But this orientation

overlooks the depth of early-career faculty interest in public engagement and the

sense that some early-career researchers have that public engagement is essential

to their academic life (e.g. Fracchiolla, 2023). Supporting early-career

researchers – graduate students, postdocs, and pre-tenure faculty – with interests

in public engagement may be an excellent way to recruit and retain excellent

scholars. To this end, colleges and universities, as well as professional societies,

might also find ways to reward these early-career scholars through fellowships or

awards. Likewise with funding bodies: for example, the Whiting Foundation

Public Engagement Fellowships are aimed toward celebrating and supporting fac-

ulty in the humanities who embrace public engagement as part of the scholarly

vocation. The American Association for the Advancement of Science also has an

Early Career Award for Public Engagement with Science, as well as various

fellowships and ambassador programs to support and celebrate scholars who see

this work as central to their career. More such awards and fellowships by

disciplinary and professional associations can help pave way for the recognition

of this work as highly valuable, on par with traditional research or teaching.

So far, this section has focused primarily on how academics who conduct

public engagement with science might navigate and find reward for their work

within existing academic structures. There is also a need to rethink and re-

envision structures and evaluation practices themselves. We noted in the previous

section that many institutional priorities and strategic visions include reference to

public engagement or community involvement. Nonetheless, there is a need for

colleges and universities to reconsider where these activities fit in their priorities

as well as how faculty undertaking such work will be supported.

For instance, faculty might be hired in part due to their interest in conducting

publicly engagedwork or because they are expected to help achieve departmental-,

college-, or presidential-level priorities for public engagement. Yet there may not

be clear expectations or alignment with the faculty member’s official responsibil-

ities as reflected in hiring documents, annual reviews, or applicable RPT criteria.

Without alignment between public engagement interests and official responsibil-

ities, faculty who are hired for their strength in community-engaged work may feel

they must limit or cease this work in order to find career success. Workload

guidelines and promotion criteria thus should reflect the intersection of the institu-

tion’s values and what the scholar themself deems important in their work (Agate

et al., 2022). This will in turn impact what is viewed as appropriate metrics and

evidence of productivity. Public engagement success often cannot be measured in
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the same way as traditional academic activities and is not easily comparable to

academic research publications. Likewise, the work may proceed slowly, espe-

cially in its early stages, such that when administrative productivity reports and

annual reviews emphasize concrete deliverables, like papers or events, and quantity

over quality, it can feel as though one must decide between having numerous

outputs versus quality outputs aligned with one’s professional aspirations. Publicly

engaged work needs to “count” not just as a step toward traditional academic goals

but as valuable academic work regardless of the kinds of scholarly objects they

produce (Agate et al., 2022).

The Charting Pathways of Intellectual Leadership (CPIL) initiative in the

College of Arts & Letters at Michigan State University is an example of what

such value-aligned institutional practices and change could look like (Fritzsche

et al., 2022; see also https://youtu.be/IPFHBJe3QLg). To address the tensions

we have noted with what is considered valuable university work and the

traditional research-teaching-service classification triad, the CPIL framework

asks faculty and staff to report how they shared knowledge, expanded oppor-

tunities, and engaged in mentoring and stewardship activities. This framework

for intellectual leadership is aligned with traditional RPT criteria (books, art-

icles, and grants) but also allows for the articulation of new criteria, including

publicly oriented scholarship and community-engaged and nonprofit work. See

Figure 1 for an illustration of the CPIL framework. MSU’s College of Arts &

Letters has also worked with each unit to apply this framework to their govern-

ing document.

In addition to rethinking how university structures facilitate and reward

public engagement work in the context of job guidelines and promotion

criteria, there is also a need to rethink how to best support academic partici-

pation in such work through institutional opportunities and professional

societies. As an example of the latter, the American Association for the

Advancement of Science (AAAS)’s Center for Public Engagement with

Science and Technology may be a model other scientific intuitions can repli-

cate for supporting scientists engaging with the public. Similar to MSU’s

Charting Pathways in Institutional Leadership initiative, the AAAS Center

for Public Engagement with Science and Technology offers a holistic

approach, beginning with training and incorporating resources, opportunities

to practice engagement, and rewards and incentives for doing public engage-

ment (Kimbrell et al., 2022).

Finally, consider how college and university institutional opportunities may

better support public engagement. Just as universities often support faculty

teaching development via centers for teaching and learning and support

faculty research through offices of research, it may be beneficial to consider
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developing centers for public engagement, whether focused on science or

a broader target. Such centers could operate on a variety of models and

serve different roles. One model is a university-wide resource office offering

support and training programming for faculty and students; hosting public

engagement events for the university and community; as well as providing

funding awards to support the public engagement activities of faculty, stu-

dents, staff, and their community partners. Such a resource office might also

facilitate connections between university constituents and potential commu-

nity partners. This kind of office may also be well positioned to consult on

broader impacts for faculty grants. Traditional academic departments or newly

developed departments might also support public engagement with outreach

committees, developing undergraduate and graduate coursework related to

public engagement, and other initiatives aligned with research, teaching, and

service obligations.

Figure 1 Values, Activities, and Outcomes of Intellectual Leadership, redrawn

based on Fritzsche et al. (2022). The outlined, transparent circles represent the

ends toward which higher-education activities are directed, that is, the things

that should be measured and rewarded. The solid ovals are activities by which

those in higher education customarily pursue these ends. An important

implication of this framing is that these activities – teaching, research, and

service – are not themselves ends. This broadens the recognized possibilities for

how higher education pursues its ends. For example, on this model, any form of

sharing knowledge is a better measure of success that simply measuring

published scholarship. Reprinted by permission of Informa UKLimited, trading

as Taylor & Francis Group, www.tandfonline.com.

49Public Engagement with Science

use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009475105
Downloaded from https://www.cambridge.org/core. IP address: 3.15.141.146, on 10 Feb 2025 at 08:39:54, subject to the Cambridge Core terms of

http://www.tandfonline.com
https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009475105
https://www.cambridge.org/core


4 Goals and Goal-Directed Design

In Section 1, we discussed how public engagement with science initiatives may

have a variety of different aims, including (at least) increased understanding of

science, sense of identity, increased trust in science, increased access to partici-

pation in science, application of scientific knowledge, and fostering interest in

science. These different aims in turn lead to initiatives with different features. In

this section we further explore this topic, considering in more depth the various

goals of public engagement with science within each of these broad aims and

how to design initiatives to address the specific goals at hand. This section also

considers how the pedagogical developments of integrated course design and

student-centered teaching can be used to influence the design of public engage-

ment with science initiatives.

In Section 4.1, we identify how a move away from a teacher-centered

conception of learning toward a student-centered conception parallels the

rejection of a deficit-model approach to public engagement with science. We

then suggest how a public-centered conception of public engagement with

science can be developed, with parallels to a student-centered conception of

education. In Section 4.2, we introduce the pedagogical approach of integrated

course design as the basis for an approach to goal-directed design of public

engagement with science initiatives. Finally, in 4.3, we consider how goal-

directed design influences the format of public engagement with science,

including relationships with the targeted public, modes of engagement, and

roles of community partners.

4.1 Student-Centered Education and the Goals of Public
Engagement

The scholarship of teaching and learning (SoTL) focuses on inquiry into

student learning and improving one’s teaching and curriculum design in

light of pedagogical best practices. One theme in the SoTL literature, espe-

cially in Western postsecondary education, has focused on a shift in education

from a teaching-centered conception of learning toward a student-centered

conception of learning (see, for example, Barr and Tagg, 1995; Campbell and

Smith, 1997, pp.275–276; Fink, 2013, pp.20–22).7

On the teacher-centered conception of learning, knowledge is considered

something that experts have that needs to be transferred to the students. Students

7 Here we will refer to the two paradigms as “teacher-centered” and “student-centered.” These are
sometimes also called, respectively, “teaching-centered” or “content-centered”, and “learner-
centered” or “learning-centered.” This terminology allows us to showcase what we will call
“public-centered” public engagement with science.
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are considered as relatively passive in their learning, awaiting knowledge and

information to be given to them. The role of the instructor, then, is seen as

effectively transferring this knowledge from themselves to their students. The

primary mode of learning in this paradigm is the memorization of facts and

information. This in turn suggests that measures of successful learning relate to

how much knowledge a student has gained and their ability to recall this

knowledge as needed.

In contrast, on the student-centered conception of learning, the role of the

instructor is to help facilitate the construction of knowledge by and with the

students. Emphasis is placed not on ensuring students understand a stipulated

body of knowledge but rather on identifying where students are in their learning

andmeeting them there. Students are encouraged not to simplymemorize facts but,

rather, to understand and to relate knowledge to their experiences and pre-existing

ideas. Emphasis is placed on connecting the knowledge more concretely to the

world through problem solving, communication, and collaboration. There has been

a shift in education away from the teacher-centered conception of learning toward

student-centered conceptions of learning, largely because the methods and strat-

egies are more effective across a host of assessments including depth of under-

standing, short- and long-term knowledge retention, and students’ ability to apply

knowledge to new contexts.

In some respects, this pedagogical shift from teacher-centered to student-

centered learning parallels a shift in public engagement with science away from

the deficit model. Recall from Section 1 that the deficit model of public under-

standing of science is the assumption that the public has a knowledge deficit that

experts can simply fill by providing additional scientific information. This deficit

model has clear similarities to the teacher-centered conception of learning. We

have also seen above that the deficit model has fallen out of favor as a model of

public engagement with science. Scientists cannot simply communicate more

scientific facts to the public to improve public understanding of scientific issues.

This recognition parallels higher education’s shift away from a teacher-centered

conception of learning toward a student-centered conception.

Because of this parallel, the student-centered conception of learning can be

used to inspire ideas about what might replace the deficit model: we might call

this a “public-centered” model of public engagement with science.8 We have

surveyed how teacher- and student-centered conceptions of education differ

8 Of course, the parallel between education and public engagement is imperfect, so there will surely
be differences between student-centered learning and public-centered engagement. For one thing,
we emphasized in Section 1 that not all public engagement aims to produce learning. Still, we
think the pedagogical shift to student-centered learning can serve as helpful inspiration for
approaches to public engagement with science that move beyond a deficit-model approach.
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with respect to conception of knowledge and ways of learning. These different

conceptions also impact how students conceptualize their own growth as

a learner, how students conceptualize learning goals, the relationship between

the student and the instructor, students’ and instructors’ relationships to the

learning environment, the role of power, and ways of knowing. Each of these

impacts has potential application to public engagement with science.

McCombs and Whisler (1997, p.10) outline five guiding principles for

a student-centered model of learning that we think can be fruitfully applied to

public engagement with science.9 These principles are the following. First,

learning opportunities must take into account that learners are distinct and

unique. Second, learners’ differences include their emotional states of mind,

learning rates, learning styles, stages of development, abilities, talents, feelings

of efficacy, and other academic and nonacademic attributes and needs. Third,

learning is a constructive process that occurs best when what is being learned is

relevant and meaningful to the learner, as well as when the learner is actively

engaged in creating their own knowledge and understanding by connecting

what is being learned with prior knowledge and experience. Fourth, learning

occurs best in a positive environment, with positive interpersonal relationships,

comfort and order, and in which the learner feels appreciated, acknowledged,

respected, and validated. Fifth and finally, learning is a fundamentally natural

process; learners are naturally curious and basically interested in learning about

and mastering their world.

Applying McCombs and Whisler’s (1997) guiding principles in the context of

public engagement with science can contribute significantly to the development

of a public-centered model of engagement. The first two principles encourage

attending to the specific features of public participants, including a wide range of

attributes, and anticipating that those features will vary across individuals. The

third principle motivates an emphasis on connecting scientific content to public

participants’ prior knowledge and experience. The fourth principle encourages

attention to the circumstances of engagement, including how participants relate to

each other and to leaders of the engagement, while the fifth principle encourages

a positive view of public participants’ interests and abilities.

Another idea from the SoTL literature that can contribute to a public-centered

model of engagement is the rejection of the presumption that a teacher is the sole

person with relevant expertise, instead acknowledging that students bring expert-

ise as well (e.g. Freire, 1970; hooks, 1994, 2003). This accords with Section 1’s

discussion of the bidirectional (or multidirectional) influence involved in public

9 Though McCombs and Whisler refer to these as “premises,” we think “guiding principles” more
accurately captures their role.
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engagement with science. And so, a public-centered model of engagement

acknowledges that all parties involved – including public participants – have

expertise, ideas, and values that should shape the learning experience.

A hierarchy still exists in a classroom, insofar as the teacher is still the established

expert in the primary topic and assigns grades to students. Similarly, those

conducting public engagement with science are expert in the relevant scientific

content. But this is not the only expertise relevant to the exchange. All parties in

a science engagement experience bring relevant expertise to the table, even if it is

very different from researchers’ expertise. In some cases, this expertise may be

irrelevant or even counterproductive to the goals of the researchers conducting the

public engagement, but they are no less relevant to the exchange.

This relates closely to one of the hallmarks of student-centered learning,

namely, the decentralization of power away from the instructor. On the teacher-

centered model, the instructor is taken to have authority over the educational

experience. They are the bearers of information; they are placed at the front of

the room; they disseminate the knowledge. In contrast to this, student-centered

learning acknowledges that all students possess agency in a learning experience

and deserve to be afforded some power over that experience. For example,

Paulo Friere advocates for teachers to be partners of students who are pursuing

agency, as opposed to enforcers, disciplinarians, and police officers (Friere,

1970; Gutstein, 2007). In disciplines like science in which learning facts is

focal, teachers may retain power over this expertise, but there are still oppor-

tunities for teachers to share authority with their students in other ways, such as

enabling students to make instructional decisions that the teacher then supports

and enacts (Basu and Barton, 2010; Keiler, 2018) and being responsive to

students’ questions and concerns throughout.

Together, these resources inspired by SoTL research motivate six strategies

that we suggest as central to a public-centered model of public engagement with

science. These strategies are summarized in Table 3. Strategies 1 and 2 of the

public-centered model of science engagement relate to the re-examination of

the relationship between scientists and public. Strategies 3 and 4 relate to the

psychology of learning and engagement processes – taking seriously the lived

experiences of the public as fundamental to the conceptualization of how they

might engage with science – and how this should inform scaffolded learning or

engagement processes. Strategies 5 and 6 relate to how to think about structur-

ing science engagement so that participants actively shape the experience. We

say more below about all six strategies.

The first strategy is rethinking power structures. This involves questioning the

traditional power structure of expert scientist teaching nonexpert outsiders about

science. It can also involve shifting attitudes regarding what counts as scientific
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expertise. One need not be an academic agricultural scientist to have expertise

relevant to agricultural science engagement; a farmer, for example, almost certainly

has relevant expertise on topics such as weather patterns, crop rotations, and

applicable costs. Especially in order to build social trust, the power structures

implicit between expert and presumed nonexpert audience need to be addressed to

better recognize relevant expertise of the participating public and to facilitate

participants’ guidance of how engagement unfolds. Attention to shifting power

to public participants can influence the design of interactions. For instance, a “sage

on the stage” approach that keeps the scientist or science communicator at the

center of the exchange may be replaced with a “guide on the side” approach,

challenging participants to direct their own learning rather than just learning what

the expert has to say. Just as student-centered learning sets students up to discover

facts for themselves, public-centered engagement should facilitate participant

Table 3 Six strategies central to a public-centered model of engagement

Strategy Description

1. Rethink power structures Question the traditional power structure of
expert scientist teaching nonexpert
outsiders; value participant expertise and
empower them to shape their experience.

2. Value the public Take into account key features of participants
as a group, as well as variation among
individuals, and value what they bring to the
table.

3. Engage with participants’
belief-value system

Activities should support changes to one part of
individual participants’ structures of beliefs
and values, respecting these structures by
minimizing extent of requested changes.

4. Recognize stages of
learning

Craft science engagement goals that match
expected features of participants, including
their structures of beliefs and values.

5. Incorporate metacognition Promote metacognitive awareness and
leverage participants’ motivations so they
become active participants in the
engagement experience.

6. Utilize connections Encourage participants to see one another and
themselves as resources and supports for the
renovation in which they are engaging.
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leadership over their own experiences. In the end, this can lead to richer and more

meaningful engagement.

The second strategy is valuing the public participants. This involves taking

into account key features of the audience, participants, or interlocutor as

a group, as well as variation among individuals, and valuing what they bring

to the table collectively and as individuals. One feature of this is placing trust in

participants’ epistemic agency, that is, seeing the public participants as having

the capacities and opportunities to shape and contribute to knowledge (Miller

et al., 2018; Zhang et al., 2022). Beyond this, valuing the public participants

involves tailoring the engagement to their needs and interests and anticipating

and accommodating variation in the needs and interests of individuals. For

example, in community-based research, public participants who are embedded

in the community can bring a dramatically different focus and knowledge base

than academic researchers who only conduct site visits to the community.

Valuing that perspective and enabling it to influence the research is required

to make full use of their participation.

The third strategy is engaging with participants’ belief-value systems. This is

an extension of the idea that public engagement with science initiatives can have

goals other than increasing knowledge or understanding. Public participants

bring to an engagement experience not just different degrees of knowledge

about science but also different identities, values, priorities, and more. Public-

centered engagement should form goals and design activities with an eye to

participants’ systems of beliefs and values – not just their mastery of scientific

knowledge. Goals and activities should be designed mindfully regarding what

parts of participants’ structures of beliefs and values they engage with, and they

should respect participants’ belief-value structures by minimizing extent of

requested changes. People come to the learning process with prior beliefs and

experiences that play a role in the construction of knowledge. Public-centered

engagement must recognize the fact that we cannot step outside of our current

set of beliefs to construct new ones. Neurath (e.g. 1959) famously developed

a boat metaphor for generating new knowledge. When a sailor attempts to

reconstruct or rebuild the boat while out at sea, the sailor cannot leave the

boat and construct from the outside, so enough of the boat must always remain

to keep the sailor above water (Cat, 2023). In just the same way, new knowledge

must fit with existing beliefs in order to be accepted. Public-centered engage-

ment meets the public participants where they are, considers existing know-

ledge and values, and considers where they may be ready to go.

Imagine someone who thinks that climate change is a hoax. If that person

were to visit a science museum containing an exhibit on climate change, they

would not be doing so from an objective point of view. Instead, this hypothetical
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museum-goer will see the exhibit through a lens informed by the set of beliefs

they have at the outset. Perhaps they will assess the content for inconsistencies

or look for specific details that they take to be discredited. In fact, no one is able

to approach a learning environment from an objective point of view discon-

nected from their prior set of beliefs and values. We can only learn new things

from within our current set of beliefs and values. It is thus important to respect

the people that we are engaging with, including their current sets of beliefs and

values, and to minimize the extent of requested changes. It is not appropriate to

expect this museum-goer to suddenly change their understanding of climate

change in one visit, as their views on climate change are likely deeply inter-

twined with a worldview and values they hold. But perhaps they can come away

impressed by the depth of the presentation and the extent of the relevant

information provided. Perhaps the exhibit can even provide resources to support

rethinking how climate science can relate to political or religious identity, thus

creating space for a realignment in this museum-goer’s beliefs and values. (See

Armstrong et al., 2018, for guidance on public engagement about climate

change.)

The fourth strategy for public-centered engagement is recognizing that learn-

ing occurs in stages. This means that learning is not an all-at-once process; it

occurs incrementally, one step at a time, and learning must be scaffolded. The

best goals for engagement may well be more modest than outcomes like

knowledge mastery or complete trust of scientific findings. Goals may only be

one step in a long path toward some ultimate goal regarding participant ability,

belief, or value. Perhaps the climate-denying museum-goer cannot be expected

to totally change her mind and accept that humans contribute to climate change

in one museum visit. This might be too much of a departure from her current set

of beliefs and values. However, a museum exhibit that explains the methods of

science more generally may have an impact, if smaller and less direct, since the

nature of the topic is less emotionally charged. If the museum-goer walks away

with a better understanding of the methods of science, this could contribute to

a more open perspective toward climate change research in the future. Other

ways to meet participants where they are could involve helping them realize the

impact their values have on their beliefs or helping them to learn how to find

accurate data on scientific topics. These are examples of incremental steps that

may contribute to real impact. Identifying a range of potential incremental goals

can help develop engagement activities that are adaptable to participants with

different abilities, beliefs, and values.

The fifth strategy we suggest for public-centered engagement involves

incorporation of metacognition. Metacognition is the ability to think about

thinking, to be consciously aware of oneself as a problem solver, and to monitor
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and control one’s mental processing (Bruer, 1994, p.67). Promoting metacogni-

tive awareness and leveraging participants’ motivations enables them to

become active participants in the engagement experience. Incorporating aware-

ness of metacognition into one’s public engagement practices may enable

participants to engage in cognitive acts of meaning-making from experiences

and information salient to them. Meaning-making, in this context, is the process

whereby participants renovate their existing belief structures toward a coherent

worldview given new information. This strategy in the public-centered model of

public engagement with science leverages the research behind one ofMcCombs

andWhisler’s (1997) student-centered principles, that learning is a constructive

process that occurs best when learners can connect new information to existing

knowledge.

The sixth strategy we suggest for public-centered engagement is to utilize

participant connections. Encourage participants to see one another and them-

selves as resources and supports for the process in which they are engaging. This

strategy reflects the factors McCombs and Whisler (1997) classify as “personal

and social.” Such factors reflect ways inwhich others impact the learning process,

as learning is not done in isolation. Sharing experiences and building caring and

respectful relationships support effective engagement. This includes among

public participants, as well as with facilitators of the engagement initiative. As

we saw in strategies 1 and 2, the implicit power structures in the traditional deficit

model are insufficient for effective belief-value renovation. In the public-centered

model, it is critical that participants are seen as individuals with value and

potential.

Together, these strategies for public-centered engagement encourage

addressing the individual people participating in the engagement activity,

including their own relationships to and personal narratives about science.

The six strategies are summarized in Table 3. An approach based on these

strategies clarifies how a wide range of skills and expertise are relevant to public

engagement with science, rather than simply the expertise of scientists who

possess the scientific facts. Consider a public engagement initiative focused on

the topic of climate change and adaptation. A public audience consisting of

well-educated, politically liberal people residing in an urban setting are likely to

bring vastly different backgrounds and expectations into engagement on this

topic than, say, those who reside in rural settings, are politically conservative,

and whose profession, like coal mining, may be in tension with climate adapta-

tion options like renewable energy. Engaging with either group requires atten-

tion to interpersonal aspects, perhaps political polarization, identities and

worldviews, and personal values and needs tied up in such a topic.
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4.2 Integrated Course Design and Goal-Directed Design
of Public Engagement

One of the most substantial implications of shifting toward a public-centered

conception of public engagement with science is a reassessment of the goals of

engagement. The goals of public-centered engagement ought to be heavily

influenced by situational factors relating to the participants’ beliefs, values,

priorities, and connections. This in turn requires a goal-oriented approach to

public engagement initiative design. The scholarship of teaching and learning

literature has resources to offer for this as well, namely, integrated course

design.10

Intergraded course design offers a student-centered approach to designing

significant learning experiences in educational curriculum contexts. Fink’s

(2013, p.70) approach to integrated course design poses a series of key questions

instructors should answer in order to guide their course development:

1. What are the important situational factors in a particular setting and learning

situation?

2. What should our learning goals be?

3. What kinds of feedback and assessment will help us determine that the

learning goals are achieved?

4. What kinds of teaching and learning activities will support achieving the

learning goals?

5. Are all the components connected and integrated, that is, are they consistent

with and supportive of each other?

We think this sequenced approach of integrated course design also can be

productively adopted for developing public engagement with science initia-

tives. There are three especially important aspects of this approach for a public-

centered approach to public engagement with science: the first is related to

situational factors, while the second and third relate to learning goals.

First, attending to situational factors effectively is encouraged as a first step in

integrated course design (see question 1 above). This first step is crucial for

10 Colloquially, integrated course design and backward course design have become synonymous,
with the primary difference of whether the emphasis is placed on sequencing versus integration
of addressing the five questions we introduce below. This specific sequencing has been labeled
by Wiggins and McTighe (2005) as backward design because step 3 focuses on conceptualizing
the conclusion of the learning experience and trying to determine what the learner will have
walked away with (which determines the learning goals) and how one might be able to assess
whether the learning goals have been achieved. We will simply refer to this as integrated course
design. Note, however, that there are distinct literatures on integrated and backward course
design. Additionally, note that integrated and backward course design can be applied at multiple
scales, from designing courses in their entirety to individual class lesson plans.
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public engagement initiatives to achieve their goals. Situational factors are

central to strategies 3 and 4 of the public-centered model for public-centered

engagement we suggested in the previous section: engaging with participants’

belief-value systems and recognizing stages of renovation in learning. Every

public engagement encounter will be different, with different relevant situ-

ational factors. These situational factors are important to identify and attend

to for effective engagement at the front end, with goals and engagement

activities selected and developed in response to the situational factors.

To facilitate thinking through relevant situational factors that might impact

public engagement goals and activities, it’s worth considering the focal

questions Fink (2013, pp.76–77) provides for teachers to identify situational

factors. These are also applicable for guiding public engagement initiative

design. Here is a list of questions to help guide consideration of situational

factors; we’ve modified the questions to apply to public engagement:

• Specifics about the context in which the engagement will occur: How big

is the group you will interact with? Of what ages and backgrounds? How long

and how frequently will you be interacting with them? What constraints are

there for the engagement?

• External expectations: How could your engagement with this group impact

how a broader segment of the public relates to the topic?Why are these public

participants interacting with you? Is the interaction intrinsically or instru-

mentally motivated?

• The subject you are conducting public engagement about: Is it conver-

gent, where scientific research provides a correct or best answer, divergent,

where the subject enables multiple answers or perspectives, and/or contro-

versial? How can your framing affect whether it’s convergent, divergent, or

controversial and participants’ relationship to the subject?

• The specific characteristics of the participants: Different segments of the

public are interested in and motivated by different things. Why are the

participants there? What do they value? What do they already know or

bring with them to the interaction?

• The characteristics of the person(s) conducting the engagement: Have

they worked with this segment of the public before? What attitudes or

preconceptions do they bring about the subject and about the public they

are interacting with?

• The pedagogical challenges: What makes this specific public engagement

encounter unique or challenging?
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These questions can help those planning public engagement initiatives reflect in

a more robust way on relevant situational factors. This enables their approach to

public engagement initiatives to start from consideration of situational factors.

A second aspect of integrated course design that is helpful for developing an

effective approach to public engagement is the call for goals to be explicitly

articulated, often prior to decisions regarding what activities will be conducted.

Question 2 of Fink’s approach to integrated course design encourages the consid-

eration of goals immediately after identifying situational factors. Public engage-

ment with science initiatives should start with an explicit articulation of the aims

and goals of the initiatives because those aims and goals ought to dictate the

features those initiatives should have. Too often, outreach activities of academic

researchers are conducted without genuine reflection on and clear articulation of

the goals. For public engagement activities, just as for classroom instruction,

requiring explicit articulation of aims and goals is a way to keep the “why” front

and center in activity design. And then, the remaining questions of Fink’s

approach indicate how the identified goals drive all other features of the activity

design, including assessment as well as the activities themselves.

A third central element of Fink’s framework can also be productively applied

to public engagement contexts. Recall, in Section 1, we introduced a distinction

between aims and goals. We use “aims” to refer to a broad type of targeted

outcome of an engagement activity. General aims for public engagement with

science we identified include (at least) increased understanding of science,

shifted sense of identity, increased trust in science, increased access to partici-

pation in science, application of scientific knowledge, and fostering interest in

science. These different broad aims in turn lead to initiatives with different

specific goals. We urge consideration of broad aims as well as specific goals.

Engagement should be directed at broad aims, but accomplishing broad aims

requires specifying particular goals. An initiative can’t simply aim to shift self-

identity, for example. It must also be specified whether the specific goal is to

increase recognition of scientists that share participants’ backgrounds, to inspire

a sense of connection and belonging through the engagement, or something

else. Each of these goals may support the aim of shifting self-identity, but they

are accomplished in different ways.

Fink identifies six categories of learning goals that, in his view, together

comprise significant learning experiences; see Figure 2 (2013, pp.34–28; 83).

The categories are (1) foundational knowledge, understanding or remembering

specific information or ideas; (2) application, applying facts and ideas to novel

scenarios; (3) integration, recognizing connections between different ideas, learn-

ing experiences, or even realms of life (such as academic and personal life); (4)

human dimension, discovering how to interact more effectively with oneself and

60 Public Engagement with Science

use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009475105
Downloaded from https://www.cambridge.org/core. IP address: 3.15.141.146, on 10 Feb 2025 at 08:39:54, subject to the Cambridge Core terms of

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009475105
https://www.cambridge.org/core


others, as when one recognizes societal implications of the ideas; (5) caring, the

development of new interests, feelings, or values; and (6) learning how to learn,

developing knowledge, skills, or strategies for ongoing learning. Fink notes that

a learning experience can have one of these aspects, several aspects, or all six.

While having a learning experience focused on one aspect is not problematic,

when all six are present and working together, it achieves more significant

learning. The six aspects are not considered to be hierarchical, where each must

be achieved before the next, but rather relational and interactive.

Fink’s six aspects to significant learning experiences to some extent parallel

the broad aims for public engagement with science we identified in Section 1;

see Table 4. Some engagement efforts might focus on cultivating foundational

knowledge. Other efforts might focus the public participants on developing an

understanding of how scientific concepts are at play in their own life, paralleling

Fink’s application and integration. Another aim identified focuses on identity:

cultivating a STEM identity, such as seeing STEM as a vocation or career

identity, or even seeing science as related to their everyday life. Other aims are

to promote having fun related to science and to increase trust in science, perhaps

by focusing on relationships, transparency, or justice. These last three types of

aims are somewhat aligned with Fink’s fourth (human dimension, or inter-

action), fifth (caring, or developing new feelings, interests, or values), and

sixth (learning how to learn) categories of learning.

As Fink emphasizes the value of learning experiences that feature several of the

categories he identifies, a successful public engagement initiative may be

Figure 2 Fink’s six categories of significant learning experiences, redrawn

from Fink (2013). Reprinted by permission of Informa UK Limited, trading as

Taylor & Francis Group, www.tandfonline.com.
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enriched by attending to how it can address multiple broad aims. An initiative

focused on increasing understanding, for instance, may still benefit from address-

ing aspects of identity or productive use of the knowledge. Depending on the

mode of engagement, it’s possible to address multiple aims that support one

another. For example, consider a public engagement initiative focused on climate

change. The initiative could aim to teach about the science of climate change

(foundational knowledge) and its local impact in the city (application). However,

an additional activity component could allow participants to discuss with each

other how they might locally adapt (integration, human dimension) and chal-

lenges and questions they have about enacting that change (caring, learning how

to learn), which could lead to more significant engagement and enable multiple

aims of engagement – understanding, application, and identity – to be addressed.

In this section, we examined three components of intergraded course design

that support public-centered public engagement with science: identifying rele-

vant situational factors, establishing learning goals that are informed by those

situational factors, and considering how attending to multiple aims may enrich

the experience. We discussed how various learning goals may work together to

achieve significant learning experiences, and how this parallels the broad aims

of public engagement with science efforts. The next section turns to the

remaining three components of intergraded course design.

Table 4 Parallels between Fink’s (2013) categories of significant learning
experiences and the aims of public engagement with science we identified

in Section 1

Aims of Public
Engagement with Science Fink’s Categories of Learning Experiences

Understanding Foundational knowledge (Understanding and
remembering information and ideas)

Interest: Instrumental Application (skills, critical, creative, practical
thinking, managing projects)

Interest: Instrumental;
Access; Identity

Integration (Connecting ideas, people, realms of
life)

Access; Identity, Trust Human dimension (Learning about oneself and
others)

Identity; Trust; Interest:
intrinsic

Caring (developing new feelings, interests,
ideas)

Interest: intrinsic; Identity Learning how to learn (Becoming a better
student, inquiring about a subject, self-
directed learning)
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4.3 Integrative Design: Goals, Activities, and Participants

Section 4.2 suggested goal-directed design of public engagement with science

initiatives, drawing resources from integrated course design’s goal-oriented

sequencing. We then addressed how the situational factors and learning goals

aspects of integrated course design apply to a public-centered model of public

engagement with science. In this final section, we discuss the remaining three

aspects of integrated course design. These are captured in Fink’s (2013) last

three questions:

• What kinds of feedback and assessment will help us determine that the

learning goals are achieved?

• What kinds of teaching and learning activities will support achieving the

learning goals?

• Are all the components connected and integrated, that is, are they consistent

with and supportive of each other?

In integrated course design, only after situational factors and learning goals

are determined does one begin to consider what kind of assessment would

demonstrate that the students have achieved their learning goals, and what

class activities would best support their success with those goals. How do

these remaining three questions apply to a public-centered model of public

engagement with science?

Fink’s fifth question guiding integrated course design stresses the connec-

tions among situational factors, learning goals, assessment, and activities. Each

of these components is supposed to support the others. Consistent with this

integrated approach, we think there are three possible entry points for the

decision-making process about how to develop public engagement activities.

In brief, it could be the case that one starts with specific goals they wish to

achieve by conducting some kind of outreach, with a specific mode of engage-

ment or activity in mind, or by targeting a specific segment of the public to reach

as participants. Each of these three starting points of goal, mode of engagement,

and participants provides an anchor point that, as we will discuss, in turn has

implications for the other two elements. See Figure 3 for a visual representation

of these entry points and the ensuing decision-making process.

So far, we have emphasized the advantages of starting with goals first (after

considering situational factors). Goal-directed design enables the selection of

a mode of engagement and intended participants that are suitable to further

one’s public engagement goals. But, in some circumstances, mode of engage-

ment or intended audience is instead a more natural starting point of initiative

design. Let’s consider each of these in turn.
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The modes of engagement or activities in public engagement with science are

similar to teaching and learning activities insofar as they are the things partici-

pants do or engage in in order to support achieving the established goal(s).

Public engagement initiatives can involve a wide variety of different modes of

engagement, and these different modes will be better suited to different goals.

Modes of engagement can include, for instance, (1) traditional forms of science

communication and journalism, like op-eds, public talks, news interviews,

websites, and social media; (2) formal science education outreach to K-12

classes or teachers; (3) informal science education, such as activities at

museums, zoos, libraries, and parks; (4) scientific research conducted in collab-

oration with members of the public, such as people volunteering to collect data

about the birds in their backyards; and (5) outreach about science policy or to

influence public policies. (This delineation of types of public engagement with

science initiatives is developed in greater depth in Section 5.)

In some cases, mode of engagement is determined prior to goals or target

participants. Sometimes mode of engagement is determined by situational

factors. For example, an academic researcher may be invited into a classroom

or have an opportunity to write an op-ed for a specific newspaper. Other times,

researchers simply have a clear sense of what mode of engagement they prefer.

In any case, when mode of engagement is determined first, this constrains what

goals are achievable or appropriate. Informal science education, for instance,

typically only offers public participants brief encounters with science, but in

contexts where they are primed for educational experiences. Many informal

Figure 3 Visual representation of goal-directed design of public engagement

with science, integrating consideration of goals, activities, and participants
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settings also attract participants of different ages, from children to adults, each

of whom has different backgrounds and interests. In contrast, scientific research

conducted in collaboration with public participants may focus on helping to

develop greater interest in or understanding of the research topic or of science in

general. This setting for public engagement with science provides an opportun-

ity for sustained interactions of researchers and members of the public in

a project of shared interest. Different modes of engagement may also bring

with them public participants with different features. For example, a classroom

invitation determines what age student one will engage with. What we want to

stress is that, when the mode of engagement is determined first, goals must be

selected in a way that is responsive to that consideration. But by prioritizing

connection and integration one can maintain a goal-directed design even in

these cases.

The third possible entry point to designing public engagement with science

initiatives is selecting a specific segment of the public with which one intends to

engage. For example, a researcher might know they would like to do something

local in their neighborhood community. This will govern some aspects of the

intended audience and will provide the researcher with a way to learn about

those audiences. Beginning one’s planning with establishing the target partici-

pants in turn constrains what modes of engagement and goals are feasible. From

what they know about the neighborhood and its existing activities, the

researcher can ask who might participate, for what reasons, what they may

value, and what situational factors will need to be considered. These consider-

ations should guide what goals are feasible and what modes of engagement may

be successful. Starting with a consideration of what segment of the public you

want to reach also leads to consideration of whether existing avenues reach this

targeted group. In other words, will the intended audience need to be recruited,

or is there an existing channel through which they can be reached? Reflection on

the values and needs of the targeted segment of the public is critical for

determining proper goals and mode of engagement, as values of the public

participants may not align with those of the person conducting the public

engagement initiative. (See Dunlap et al., 2021 for discussion of the alignment

of values and goals in the context of participatory research.)

Regardless of whether the entry point in initiative design is goals, mode of

engagement, or intended participants, all three of these features of the project

must be intentional, and they must be consistent with and supportive of each

other, as called for in Fink’s fifth question of integrative design. For public

engagement initiatives, another important early question that bears on all other

features of the initiative regards community partners. We emphasized the value

of partnership with other individuals and organizations in Section 3. It can be
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extremely beneficial for a public engagement initiative to seek out potential

community partners appropriate for the initiative’s intended goals, mode of

engagement, and desired participants.

Community partners are, in some ways, simply another situational factor:

something the designer should take into consideration, as well as a factor that

could constrain the goals, mode of engagement, or segment of public one might

reach. But community partnerships also provide richer and more meaningful

opportunities for engagement through expertise, infrastructure, and access. As

we stressed in Section 3, it is important to incorporate input of all partners

before finalizing plans for goals, mode, and audiences. Indeed, it is best to

include partners at early stages of planning and not simply add their perspec-

tives after plans are nearly finalized. Community partners can help drive,

inform, and collaborate on the planned initiative. Placing partnerships at the

center of initiative design can thus support all aspects of planning: helping to

inform appropriate goals and modes of engagement and to develop a deeper

understanding of the targeted segment of the public.

4.4 Engaging Diverse Publics

As we’ve noted, participants in public engagement activities are not generic

“members of the public,” but rather individuals with specific social identities,

participating in specific communities. Different public engagement with sci-

ence initiatives will reach different segments of the public. Given some com-

munities’ historic exclusion from and even mistreatment by science and

medicine, aims of access, identity, and trust will in many cases best be supported

by targeting one or more of these communities. More broadly, it is often

important to explore more fully which segment(s) of the public is targeted

with attention to equity and inclusion, whether the targeted public is an initial

choice structuring the engagement or follows from the aims or mode of

engagement.

When engaging with the public, we might conceptualize the targeted group or

segments of the public in multiple ways. Groups might be targeted by their

associations, that is, through formally organized institutions, like clubs, corpor-

ations, or political parties. We might also target individuals based on particular

attributes, such as gender or age. Or, we might target groups based on a shared

sense of identity, such as shared culture, practices, or ways of life. In the context

of public outreach and engagement, common types of groupings to target are

age (kids, teens, adults), race and ethnicity, gender, cultural community, socio-

economic status or educational attainment (low income, first-generation college

students, college graduates, etc.), and identities historically underrepresented in
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STEM fields. It’s also common to consider freedom in engagement (voluntary,

semi-voluntary, required participation).

When the targeted groups include vulnerable social identities – members of

underserved communities, people with identities underrepresented in STEM, etc. –

these identitiesmust be taken into account formodes of engagement to be effective.

For this, culturally relevant pedagogy (CRP), also referred to as culturally sustain-

ing pedagogy or culturally responsive teaching, is another domain in the scholar-

ship of teaching and learning that can be usefully applied to public engagement

efforts. Culturally relevant pedagogies, such as those advocated for by Banks

(1993), Ladson-Billings (1995, 2023), or Gay (2000, 2018), focus on welcoming

and incorporating students’ lived experiences, customs, and perspectives in order

to collaboratively, in partnership, build educational experiences for increased

student engagement and ownership. As Gay (2000) puts it, “when academic

knowledge and skills are situated within the lived experiences and frames of

reference for students, they are more personally meaningful, have higher interest

appeal, and are learned more easily and thoroughly.”

Ladson-Billings (1995) identifies three core components of culturally relevant

pedagogy. The first is to ensure focus on academic achievement. A teacher’s

fundamental role is student learning, and so focus should stay on prioritizing the

students’ intellectual growth and ability to problem-solve. The second is cultivat-

ing cultural competencies. Here the idea is that the instructor should acknowledge

that culture can impact learning, and so there should be a focus on creating an

environment where students affirm and appreciate their culture of origin in

learning, while also developing opportunities to learn about other cultures.

Finally, CRP focuses on developing critical consciousness. Critical consciousness

focuses on teaching students how to identify, analyze, and solve real-world

problems, as well as how to identify when those real-world problems are

a result of societal inequities for marginalized groups.

Gay (2002) offers guidelines for how to teach in a way aligned with this

orientation of CRP. The first is developing one’s own cultural diversity know-

ledge base. It is critical to understand and have knowledge of different cultures,

values, and traditions, most critically of groups one teaches or works with.

Second is designing culturally relevant curricula, which can include formal

lesson plans, symbolic curriculum (such as symbols, icons, examples and

imagery), and societal curriculum. Third is demonstrating cultural caring and

building a learning community that supports high achievement and enables

success for all by providing educational scaffolding for learning about different

cultures. Fourth is an appreciation for and literacy in different communication

styles (for example, what might be taken as a rude or dismissive way to engage

in conversation in one culture might be standard within another). Finally,
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cultural congruity in classroom instruction connects students’ prior knowledge

and cultural experiences with the new knowledge they are learning.

In considering how CRP applies in the context of public engagement with

science, it is worth highlighting a few points. First, a focus on CRP does not

involve assimilating one culture into the norms and standards of the other.

Rather, the focus is on making space for and connections between groups that

may have different cultures. This involves not only learning more about the

public you wish to engage with but also reflecting on one’s own identity in

relation to that public. Second, just as culture impacts learning (Hammond,

2014), we should reflect on how the cultures of our targeted participants may

impact our modes of achieving our public engagement goals. Different tech-

niques will be more effective when targeting different communities. One ought

to consider also how targeting particular groups may influence other features of

the engagement. Practices of inclusive pedagogy are especially relevant

(Jacquart et al., 2019), as is work on intercultural teaching competence

(Dimitrov and Haque, 2016).

The application of culturally relevant pedagogy in STEM education contexts

is an excellent space to look to for resources that may be applicable to public

engagement with science efforts. For example, Kayumova (2022), McKinley

and Gan (2014), Smith et al. (2022), and Thevenot (2022) offer conceptual

frameworks and advice for implementing culturally responsive and sustaining

STEM curriculums. For those looking for example teaching tools specifically,

https://stemteachingtools.org has a number of briefings on the topic (see espe-

cially brief 31, 53, and 58). Also, https://cadrek12.org offers videos and

resources, including, for instance, videos on culturally responsive science

education as well as rural partnerships.

4.5 Implementing Integrated, Goal-Directed Design

In this section, we have suggested resources from the scholarship on teaching

and learning that may be useful for planning public engagement with science

initiatives. To start, insights from student-centered learning can be reapplied to

engaging with public participants, influencing the goals of that engagement by

centering participant needs and interests and engaging with them as

unique individuals. And then, integrated course design can be used to inspire

a goal-directed approach to public engagement with science initiatives.

Initiative design should start from consideration of goals and situational factors,

and then approach decisions about activities and participants with that perspec-

tive in mind. For public engagement, a consideration of community partners is

also integral to establishing a cohesive plan of mutually supportive goals,
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participants, and activities. Public engagement with science initiatives, like

curriculum design, benefit from intentional, goal-directed design.

One final application of integrated course design is to evaluation or assess-

ment (following Fink’s fourth question, as listed above).11 It’s important to

consider, beginning at an early stage of planning, how one might evaluate if an

initiative’s goals have been achieved, and how evaluation needs should influ-

ence initiative design. Evaluation of public engagement with science initiatives

may be more challenging than assessment in formal education, as there may not

be a clear opportunity for evaluation akin to graded assignments. Consider, for

example, producing an op-ed piece advocating for a certain lifestyle change in

response to climate change. The author may have written the piece with the

concrete goal of convincing people to make that lifestyle change, but it will be

hard to measure the impact of this op-ed piece on achieving this goal. For some

initiatives, measures of success may be limited to tracking how many people

have engaged, or whether they report enjoying their experience.

Nonetheless, planning and executing evaluation of an initiative is essential

for establishing if the initiative’s goal has been achieved. Further, planning

evaluation is an important opportunity to reflect on the alignment of goals, mode

of engagement, and intended participants. If a public engagement with science

initiative seeks to change participants’ perspectives or values, for example,

strategic thinking is required to consider how to evaluate changed perspectives

or values. As with integrated course design, careful consideration of all aspects

of public engagement initiatives together – goals, activities, participants, part-

ners, and evaluation – can strengthen and increase the meaningfulness of the

engagement. To support effective evaluation, consider partnering with academ-

ics or professionals with expertise in educational evaluation or educational

research. Friedman (2008), Frechtling (2010), and CAISE (2011) provide

introductory guides to evaluation in informal education.

An appendix to this Element provides a series of questions to guide someone

through this goal-oriented approach to designing public engagement with science

initiatives. The main ideas from this section to consider employing are, first, to

design initiatives that empower, respect, and engage with participants – participant-

centered design – and, second, to engage in integrative planning. This means taking

11 In this context, the terms “evaluation” and “assessment” are sometimes used interchangeably but
also can have specific, different meanings. “Assessment” is most often used to refer to assess-
ment of individuals’ educational outcomes, as with exams, while “evaluation” is most often used
to refer to evaluating the success of an intervention or program (in general, not linked to
individual student outcomes). While assessments are focal in the pedagogical literatures we’re
drawing from in this section, program evaluation is most applicable to public engagement with
science initiatives. Note that sometimes participant assessments can play a role in initiative
evaluation, but they may not.
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a goal-directed approach, while considering constraints of themode of engagement,

intended participants, and partners. Starting from a consideration of goals and

situational factors and only then beginning to consider what you will do for

engagement leads to more impactful initiatives. And considering potential

approaches to evaluation as you design will enable you to demonstrate that impact.

5 Conducting, Teaching, and Researching Public Engagement
with Science

So far, we have identified what we mean by public engagement with science

(Section 1), described the disciplines that have expertise to offer public engage-

ment with science (Section 2), discussed the institutional structures and collabor-

ations that can support public engagement with science (Section 3), and described

resources from the scholarship of teaching and learning that can support public-

centered and goal-directed public engagement with science (Section 4).

In this final section, we describe a range of outreach activities comprising

public engagement with science, providing a taxonomy of types based on their

format and context. The aim of doing so is to illustrate the wide variety of

formats of public engagement with science and provide fodder for readers

interested to newly develop or differently situate their engagement activities.

Then, we conclude this Element by discussing the need for formal instruction

and interdisciplinary research targeting public engagement with science.

Together, these topics can be summarized as an overview of conducting,

teaching, and researching public engagement with science.

5.1 Public Engagement with Science Activities

In this section, we develop a loose taxonomy of types of public engagement

with science activities based on their format and context. These types of

activities are what we referred to in Section 4 as modes of engagement. It’s

beyond the scope of this Element to provide guidance on how to conduct

activities of these kinds; that is the focus of another forthcoming Element in

this series, A Guide for Academic Researchers Conducting Public Engagement

with Science. The present focus is simply cataloging types of public engage-

ment and how they vary from one another.

Science Communication. When university-based academics are motivated

to engage with the public, oftentimes the first activities that occur to them relate

to public talks and writing. This is natural. For one thing, academics are trained

in writing and public speaking and are well versed in writing and speaking about

their research. Speaking and writing for public audiences requires different

content and strategies from academic communication, but these are a natural
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expansion of familiar activities. A common name for these activities is science

communication. As we noted in Section 2, science communication activities are

often carried out without attention to the fields of journalism or science com-

munication that we surveyed in that section. There is an opportunity to enrich

such approaches by attending to relevant disciplinary research.

Science communication activities include giving talks for the public, writing

op-eds for newspapers with local or national audiences, longer-form public

writing including trade books, media interviews, and even social media activity.

Public audiences have different backgrounds, knowledge, and interests than

a typical academic audience, and different segments of the public differ in these

respects from one another. Effectively engaging with these audiences requires

sensitivity to these differences. Each format of science communication activ-

ities also comes with its own localized norms and expectations.

Formal Education. For many people, much of their experience engaging with

scientific knowledge occurs as part of their formal education – K-12 and, for

many, also in collegiate education. Activities in collegiate education settings may

not seem like public engagement, as college instruction is part of many academ-

ics’ job descriptions. Nonetheless, collegiate audiences are easy to access and an

important opportunity to influence students’ relationship to science in ways that

may last long into their lives after college. As Editor-in-Chief of the journal

Science, H. Holden Thorp (2024) has touted the importance of this variety of

public engagement. General education college classes offer a key opportunity to

further many of the aims of public engagement with science, including especially

understanding, identity, and trust. Further, college classroom engagement benefits

from some of the same theoretical and practical resources as other forms of public

engagement with science.

Outreach in K-12 classroom settings, and even preschool, also can be oppor-

tunities to influence students’ understanding of science and trust and identity as

well. These settings are in some regards similar to collegiate instruction, which

academic researchers tend to be familiar with, though it should be stressed that

many features of K-12 teaching are different from collegiate teaching. Public

engagement with science activities in a formal education context may be brief,

as with classroom visits and facilitated activities like hosting school fieldtrips,

or they might be extended, such as extended engagement with one class or the

development of new curricula. An important opportunity for collaborative,

interdisciplinary public engagement with science is also created in teacher

enrichment and continuing education trainings.

Informal Education. Learning about science also occurs beyond the trad-

itional classroom. Informal and non-formal science education, such as in

museums, zoos, libraries, and parks, offers members of the public relatively
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brief encounters with science in contexts where they are primed for educational

experiences. Many informal education settings also attract an audience of

different ages, from children to adults, with a broad variety of backgrounds

and interests. Many informal education organizations and venues regularly seek

programming, which is a key opportunity for one-off or sustained initiatives.

Science-focused organizations like zoos and museums are an obvious oppor-

tunity, but other informal education settings, like libraries, youth centers, and

parks are often also interested in science programming.

Public engagement with science initiatives in informal science education

settings may involve contributions to exhibitions, such as contributing to textual

resources accompanying physical artifacts, or in live interactions with visitors,

such as serving as a practicing scientist in an open lab in a science museum or

guiding an interactive activity. Some opportunities in these spaces look more

like science communication, such as public talks and panel discussions.

Public Participation in Research. The types of public engagement with

science cataloged so far focus on educational aims, promoting understanding,

learning, and interest, and perhaps also cultivating science-positive identities

and trust in science. A different kind of opportunity for public engagement with

science presents itself with the inclusion of public participants in scientific

research, such as people volunteering to collect data about the birds in their

backyard or a high-school class providing local ecological data. A related form

of engagement is working to cultivate support for, for example, medical

research and underrepresented communities’ participation as research subjects.

Public participation in scientific research is an opportunity to further aims of

understanding the research and the process of conducting scientific research, to

cultivate interest in scientific research and identities with positive relationships

to STEM, as well as increased trust and, perhaps especially for health research

and local environmental research, individual and community access to the

insights that scientific inquiry can provide. In some cases, this form of public

engagement with science provides an opportunity for sustained interactions of

researchers and public participants in a project of shared interest. Public partici-

pation in research ranges from public involvement in data collection, to the

inclusion of members of the public as co-researchers who influence all aspects

of research design and data collection and analysis, to community leaders

initiating their own scientific research and then soliciting the involvement of

professional scientists (Shirk et al., 2012).

Science Policy.Yet another variety of public engagement with science targets

policymakers or public understanding of policy. Scientific research in a wide

range of fields has potential implications for public policy. An important variety

of public engagement with science targets the specific segment of the public

72 Public Engagement with Science

use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009475105
Downloaded from https://www.cambridge.org/core. IP address: 3.15.141.146, on 10 Feb 2025 at 08:39:54, subject to the Cambridge Core terms of

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009475105
https://www.cambridge.org/core


consisting of policymakers – local, state, or national – in order to inform them

about relevant research in an attempt to influence their perspectives on policy.

For example, a college class focused on local climate change impacts may

present their findings to the local city council, attempting to influence local

policy or the priority councilmembers place on climate mitigation and adapta-

tion. Science policy outreach may also occur in collaboration with relevant

nonprofit organizations, such as sustainability- or health-care-focused groups.

Further, some science policy efforts do not target policymakers but the broader

public, with the goal of improving public understanding of some policy impli-

cation, science-based public advocacy about policy decisions, or gathering

public input in the policymaking process.

As this discussion has suggested, the categories we have introduced here are

not entirely distinct types of public engagement with science but partially

overlapping.What distinguishes the categories from one another are differences

in typical modes of engagement, to some extent differences in the typical

segments of the public reached, both of which (as we have seen in Section 4)

may influence the goals of engagement. See Table 5 for an overview of the

differences.

It’s worth considering how this list of types of public engagement with

science initiatives relates to other taxonomies. AAAS (2016) provides

a literature analysis to yield a typology of five types of public engagement

with science, with variations within each:

1. Deliberative – usually tied to policy and directly addressing issues at the

intersection of science and society; outcomes directly tied to policy action

are most common;

2. Dialogue – somewhat more process-based, with the act of interaction driv-

ing its definition; outcomes tend toward more personal-level changes in

interest, affect, or knowledge;

3. Knowledge Co-Production – emphasis on the process of science; outcomes

relate to building scientific skills in publics and bringing nonexpert perspec-

tives to research;

4. University-Led Cooperative – focuses on professional communities and

how university researchers can provide expert consultation and collabor-

ation to support their efforts;

5. Informal – informal one-on-one interactions in daily life between scientists

and publics; primarily neglected in the literature, this category represents

(likely) the most frequently experienced and least studied type of

engagement.
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Table 5 Five types of public engagement with science initiatives

Engagement Type Key Features Sample Activities

Science Communication Written or oral communication about
scientific topics intended for public
audiences

Op-eds and essays
Public talks and panels
Trade books
Media requests and interviews
Social media activity

Formal Education Engagement targeting K-12 or collegiate
classes or teachers

Classroom visits and fieldtrips
Extended classroom projects
Curricula or teacher resources

Informal Education Engagement targeting informal education
spaces like museums, zoos, libraries, and
parks

Exhibition contributions
Scientific research in open lab
Hands-on activities
Panels and talks

Public Participation in
Research

Inclusion of public in research activities or
advocacy of research involvement

Public participation in data collection
Participatory research influenced by community concerns
Outreach about research involvement

Science policy Engagement targeting policy outcomes or use
of scientific research findings in
policymaking

Meetings with policymakers (local, state, or national)
Collaboration with stakeholders on reports for

policymakers
Public outreach about policy
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A full analysis of this taxonomy is beyond the scope of this Element, but

a few comments are worth making. These five types are primarily defined by

different goals, respectively: scientific influence on public policy and norms

(deliberative); scientific influence on public interest, affect, knowledge (dia-

logue); public influence on scientific research (knowledge co-production),

scientific support for public goals (university-led cooperative), and casual

personal interactions that are not goal driven (what the AAAS typology calls

“informal”; note that this is different than what we’ve referred to as informal

science education). Our list of public engagement types is not linked to goals in

this straightforward way. We see the primary delineators as the mode of

engagement and typical audience(s) reached through that format. The general

aims and specific goals may vary and there may be multiple goals for any one

initiative. Further, we believe the goals of public engagement with science

initiatives should usually be more bidirectional than this AAAS typology

suggests. That said, this taxonomy does capture some important differences in

goals and processes of public engagement initiatives. It is probably useful to

consider multiple characterizations of public engagement with science types as

one considers how to develop such initiatives.

AAAS (2016) also notes that any of these forms of engagement can occur in

person or virtually, with the latter increasingly common for public engagement. It

is certainly true that, as virtual communication becomes ever-more prevalent,

virtual public engagement becomes more common. Virtual engagement offers

some new opportunities: to reach larger audiences, unconstrained by geographic

location; to host resources that are available on demand; and to innovate with

creative new approaches to engagement. It’s also worth noting, though, that for

many goals, localized, in-person engagement offers advantages in both partner-

ship formation and relationship development over virtual public engagement. In

many cases, it’s also easier to engage in bidirectional or multidirectional influ-

ence – with outreach goals of not simply reaching the public participants but of

improving one’s own understanding or connection in the process – in live, in-

person encounters rather than in creating content for virtual consumption.

5.2 Teaching Public Engagement with Science

Training in public engagement with science has a real potential to improve

graduate education in the sciences and allied fields – and perhaps undergraduate

collegiate education as well. Academic scientists face mounting pressure to carry

out researchwithmeaningful broader impacts and to engagewith the public about

their research. Moreover, as the availability of traditional academic science jobs

decreases, graduate students in the sciences need to be trained in a way that more
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effectively prepares them for a variety of careers related to science, including but

not limited to industry, technology, and nonprofit settings. Yet many graduate

students emerging from traditional STEM programs need supplementary prepar-

ation to fully capitalize on such opportunities. Skills in public engagement with

science thus should be more meaningfully integrated into STEM graduate educa-

tion. The pedagogical advantages of sustained, strategic instruction are clearly

established (e.g. Brown, 2014). And, as we have seen above, public engagement

with science instruction must address complex issues like trust in science, polit-

ical polarization, differences in identities and worldviews, and understanding

scientific methods and social structure.

Research shows that today’s graduate students have a strong and growing

interest in public engagement with science (Eatman, 2012; Jaeger et al., 2014;

Clarkson et al., 2018). Systematic instruction in public engagement with science

can enable graduate students to develop better research, teaching, and commu-

nication skills; to connect to public audiences and organizations in ways that

enrich their education; and to acquire knowledge about their own disciplines in

ways that deepens understanding. This can set students up for more engaged and

rewarding careers in science, and it can also prepare students for a broader range

of career opportunities – in scientific roles outside the academy, community

nonprofit organizations, policy, and much more. Moreover, by engaging with

the public, students may come to view public engagement with science less as

a unidirectional process characterized by disseminating research findings and

more as a dynamic process of exchange characterized by bidirectional commu-

nication and deeper engagement.

Public engagement with science training is also well positioned to support

diversity and inclusion in STEM. One of the well-documented barriers to

recruitment and retention of underrepresented students in STEM is a lack of

a sense of belonging. Recent work indicates that efforts to foster a STEM

identity can improve retention and career outcomes, particularly for underrep-

resented students (Lane, 2017). Moreover, a public engagement with science

training program may support graduate students’ sense of belonging (Rainey

et al., 2018) and the alignment of STEM education with their goals (Diekman

et al., 2017), such that they feel a part of a community of public engagement

with science scholars whose research can have a societal impact. Further, public

engagement with science includes a focus on the social context of science and

science’s societal impact. Such an emphasis enables students to see how their

work can matter to society at large and to particular communities.

In short, public engagement with science training may be a valuable oppor-

tunity in collegiate settings, especially – but not only – for graduate students in

STEM disciplines. In line with the range of disciplinary resources that can
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inform public engagement with science efforts, as outlined in Section 2, such

instruction is likely to benefit from an interdisciplinary approach. Further, just

as public engagement initiatives benefit from community partnership, insight

from professionals in this space can be incredibly important for effective

training opportunities in public engagement. We hope that this Element – and

the interdisciplinary series it initiates – will be useful for such instruction.

Such training opportunities may take the form of new collegiate courses, but

there are a variety of other opportunities to provide college students with

opportunities for learning about public engagement. Course designations like

service learning and applied research can provide opportunities to involve

public engagement with science initiatives in existing courses. A course may

ask students to work in teams or as a class to conduct community research, to

present findings to local policymakers, or to engage with a local museum.

A different opportunity to offer training in public engagement with science

may be including interested students in your planned initiatives, or later scaling

those initiatives to include student participation. This can include paid student

worker or internship opportunities if resources are available. Students can also

help in establishing relationships with community partner organizations, learn-

ing valuable skills and of potential career paths in the process.

5.3 Interdisciplinary Research on Public Engagement with
Science

Just as training in public engagement with science is well positioned to enrich

collegiate education, especially of graduate students in STEM disciplines, so

too is public engagement with science a worthy target for academic research. Of

course, as outlined in Section 2, research in a number of existing disciplines

bears on public engagement with science, some – like science communication

and science education – quite directly. Still, researchers from a variety of

academic disciplines conduct public engagement with science of one type or

another, often with little awareness of or influence from these disciplinary

resources. This circumstance presents an opportunity, first, to better connect

researchers across disciplines to disciplinary research bearing on public engage-

ment and, second, to expand interdisciplinary research that can inform public

engagement activities.

We hope the series this Element initiates can help accomplish both of those

ends. The series, Elements in Public Engagement with Science, aims to be an

interdisciplinary exploration of academic research and professional expertise

related to interfaces between science and the public. Its aim is to make access-

ible to a broader audience of academics and public engagement professionals
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specialized knowledge bearing on public engagement with science, as well as

ground-breaking research in areas of public engagement with science. This

series anticipates that treating topics like science communication, formal and

informal science education, community participation in scientific research,

science policy, and other interfaces between science and the public alongside

one another in an interdisciplinary forum will advance both theory and practice

of public engagement with science.

Beyond Section 2’s survey of disciplinary resources bearing on public

engagement with science, it will be useful to briefly highlight some of the

main cross-disciplinary resources that can support efforts in public engagement.

To start, the American Academy for the Advancement of Science (AAAS),

which we have referred to periodically through this Element, offers a robust set

of guidelines, trainings, and opportunities for public engagement with science;

see the AAASwebsite (https://www.aaas.org/programs/public-engagement) for

more information. Public Understanding of Science is an interdisciplinary

academic journal examining how science relates to the public across different

societies. Research and discussion of public engagement with science also

sometimes crops up in generalist academic science journals, like Science,

Nature, Proceedings of the National Academy of Sciences, and PLOSOne,

among others. The National Informal STEM Education Network, or NISE

Network, develops educational materials and professional training in informal

science education; many resources are available on the NISE Network website

(https://www.nisenet.org). REVISE, Reimagining Equity and Value in Informal

STEM Education, hosts resources for research and evaluation on informal

science learning: https://informalscience.org/repository/. The Association for

Advancing Participatory Sciences offers online resources for including the

public in scientific research: https://participatorysciences.org/resources/. Of

course, this is far from a comprehensive list of resources, but it provides some

starting points for researchers interested to explore the research on public

engagement with science, regardless of their disciplinary background.

A concern sometimes raised about cross-disciplinary pursuits is that the

pursuits become vague and ill-defined in virtue of lacking a disciplinary

home. And, indeed, exactly this concern has been raised about public engage-

ment with science. It has been suggested that “public engagement with science”

is a vague buzzword without meaning (Bensaude-Vincent, 2014; Weingart

et al., 2021). Focusing their discussion on science communication and science

policy literatures, Weingart et al., suggest that both the public that is reached and

the nature of the engagement are increasingly vague, including many different

public targets and many different forms of engagement. This is consistent with

our emphasis that “public engagement with science” is an umbrella term, with
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different applications. But Weingart and Connoway see that as part of the

problem:

The vagueness amongst science communication scholars and science policy-
makers regarding the most appropriate formats, features and objectives of
public engagement with science is striking. It is apparent in the virtual
absence of any clear definition of what “engagement” is supposed to mean.
The characterizations as “an umbrella term” and “an overarching term” in
both the academic and political rhetoric, amount to an effective surrender to
the plethora of meanings, interpretations and activities that are all seeking
inclusion in the popular appeal of the buzz (Weingart et al., 2021).

Though a positive proposal is not a focus of their article, the authors do suggest

in passing, as an alternative to public engagement with science, “communica-

tion and engagement with clearly defined stakeholder groups about specific

problems and the pertinent scientific knowledge.”

We believe this concern of vagueness and emptiness is worth attending to.

There is always some risk of obfuscation and empty rhetoric when developing

pursuits that transcend disciplinary boundaries and create large umbrella cat-

egories, and attending to this concern can help shed light on why interdisciplin-

ary research (and training) in public engagement with science is important.

Sustained research regarding what the category of public engagement with

science amounts to, what commonalities exist across these pursuits, theoretical

and practical resources for conducting public engagement with science, and

empirical research about public engagement’s purposes and successes can help

clarify and refine public engagement with science as a set of activities and as

a target of inquiry. Further, Weingart and collaborators are surely correct that it

is crucial to clearly specify the goal of and identify the relevant segment of the

public for any given public engagement with science initiative. This has been an

emphasis of our Element, especially in Section 4.

It is unquestionable that, as we pointed out at the beginning of this Element,

there are many interfaces between science and the public. Scientific institutions

and the public need to engage with each other in a variety of ways. What remains

an open question – and that warrants additional research in a variety of forms – is

the extent to which engaging with those interfaces takes common forms and is

benefited from common approaches, and what the benefits are of such engage-

ment. This Element, and the series to follow, aims to contribute to the productive

exploration of these and related questions.
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Appendix: Guide for Designing a Public
Engagement with Science Initiative

Getting Started: Orienting Questions + Identifying Partners

• What are your specific goals for the initiative?

How do your goals relate to the broader aims of understanding, identity,

trust, access, instrumental interest, or intrinsic interest? Are the goals

achievable for your audience and mode of engagement?

• Who is the intended public?

What do you know about them? What do they need? What do they value?

What relevant situational factors will you need to account for? Will you need

to recruit the participants? What kinds of participants enable the goals and

mode of engagement you have in mind?

• What do you know about your mode of engagement?

What do you want participants to do? How long will the encounter be,

and will there be repeat encounters? Can there be audience engagement

or only one-way communication? What situational factors are relevant?

What mode of engagement is appropriate for your intended participants

and goals?

• Who are potential community partners?

What are their priorities and how do they align with yours? What have they

already done? What might they know about the participants? What benefits

and costs will the initiative have for them?

Implementation

• How do your answers to the questions above shape your engagement

activity?

What might be some potential engagement activities? How do these potential

activities achieve your goals with the participants you are targeting? What

questions do you have that would inform your plan?

• What are your implementation plans?

Plan out all the details: Advertisement and recruitment; registration or sign-

in for data/evaluation; materials; game plan; pre-meetings with partners;

follow-up and potential for continuity/scaling. What challenges might arise

for planning or implementing your initiative?

use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009475105
Downloaded from https://www.cambridge.org/core. IP address: 3.15.141.146, on 10 Feb 2025 at 08:39:54, subject to the Cambridge Core terms of

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009475105
https://www.cambridge.org/core


Evaluation and Follow-up

• How will you know if your goals have been achieved? How will you define

and evaluate success?

• How will you follow up with participants and with partners after implement-

ing the initiative?

• What is the potential for continuing or scaling the initiative?

Make It Happen

Consider what you know about goals, public, mode of engagement, potential

partners, and potential implementation plans.

• What questions do you have about your engagement activity plans?

• How could you pursue getting answers to these questions?

• What are 4–7 actionable steps you need to take to begin the initiative?

• What timeline and target dates will you set for yourself?
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