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Science literacy has many personal and societal benefits that allows for better informed decision-making.
Although the importance of science literacy is recognized globally, there are many challenges associated with its
promotion. Scientists are more frequently engaging with nonscientific audiences through public outreach activ-
ities and with increasing support from institutions and professional societies. This is especially true regarding
microbiologists and other related professionals since the start of the global 2019 coronavirus disease pandemic
heightened the need to convey novel and rapidly evolving scientific information to lay audiences. The means by
which professionals engage with these audiences affect the efficacy of the relay of scientific information. One
method of engagement is the “ambassador approach,” which aims to establish dialogue among different
groups of people and scientists. In this perspective article, we discuss this approach, highlighting activities for
the promotion of science literacy organized by the American Society for Microbiology Ambassador Program
and similar programs of other scientific societies. We discuss the benefits and challenges of implementing an
ambassador approach, propose potential improvements that could be made to existing programs promoting
science literacy, and ultimately advocate for increased implementation of science ambassador programs.
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PERSPECTIVE

Scientific literacy is essential as it helps individuals make

well-informed decisions across a wide array of topics, including

personal health, nutrition, and natural resource use (1). Indeed,

science education is considered an important part of a young

person’s education across the globe (2–8). Despite widespread
agreement on the importance of science literacy and its personal

and societal benefits, there is a lack of consensus regarding its

definition (1). One definition, derived from the Program for

International Student Assessment, defines competency in sci-

ence literacy as the ability to (i) explain scientific phenomena,

(ii) evaluate and design scientific enquiry, and (iii) interpret

data and evidence scientifically (9). Another simple definition,

from the National Academies of Sciences, Engineering, and

Medicine, describes science literacy as “familiarity with the

enterprise and practice of science” (1). Other definitions are

more specific. For example, some authors define science

literacy with a focus on specialized skill sets required of

scientists for the development of curricula for science stu-

dents (10, 11). In this article, we refer to science literacy

Editor Justin Shaffer, Colorado School of Mines

Address correspondence to Matthew J. Tuttle, mtuttle4@vols.utk.

edu.
*Present address: Matthew J. Tuttle, Biological and Nanoscale

Technologies Division, UES Inc., Dayton, Ohio, USA.

The authors declare no conflict of interest.

Received: 2 March 2023, Accepted: 4 April 2023,

Published: 25 April 2023

Copyright© 2023 Tuttle et al. https://creativecommons.org/licenses/by-nc-nd/4.0/. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International
license.

August 2023 Volume 24 Issue 2 10.1128/jmbe.00041-23 1

Special Series: Scientific Literacy



broadly, applying to all people, as a general understanding of sci-

entific concepts and the ability to engage in critical discussion

around these concepts.

With increasing frequency, there have been calls for greater

engagement of scientists with the general public for the promo-

tion of science literacy and education (12–15). Surveys show
that scientists are also motivated to engage with the public and

policymakers (16–20). Within the microbial sciences, and biol-

ogy more broadly, there are many important scientific concepts

that the public should be aware of. These include long-standing

concepts, such as Koch’s germ theory of disease, to more con-

temporary ones like the importance of 2019 coronavirus dis-

ease (COVID-19) vaccines, antibiotic resistance, issues around

climate change, and the increasing prevalence of genome edit-

ing technologies. Scientific outreach and engagement are im-

portant tools for promoting science literacy and educating the

public and policymakers (15, 21). There are challenges associ-

ated with these practices though. Among them are cultural, re-

ligious, and political polarization of important scientific topics

(22–24). Moreover, most outreach programs focus on content

knowledge, ignoring other dimensions of individual science liter-

acy, such as identifying and judging scientific expertise and infor-

mation reliability (1). The spread of misinformation and a lack

of accessibility to reliable information can further compound

the issue (25). Additionally, language barriers exist, since most

resources are only available in English (26). In the promotion

of science literacy globally, best practices need to take equity

into account, being inclusive of marginalized and underrepre-

sented audiences (27–30).
Early-career scientists have an important role in science

outreach and the promotion of science literacy, as they can of-

ten more effectively engage with younger audiences (31). They

also tend to be more engaged online than older scientists (19,

32), which can be helpful in reaching wider audiences in virtual

spaces (e.g., social media) where people already are receiving in-

formation (33). Furthermore, science communications skills are

important for scientists to develop, and it has been argued that

formal communication training should be incorporated into sci-

ence curricula at the undergraduate and graduate levels (34).

There are several examples of pedagogical practices encourag-

ing students to communicate with the general public and lay

audiences, leading to greater competence in this skill (35, 36).

One strategy that may be employed in public engage-

ment and the promotion of science literacy is an “ambas-

sador approach,” where dialogue between scientists and

nonscientists can occur outside of traditional educational

settings (37). This may be particularly important when con-

sidering diverse groups of people to help build relationships

between scientists and the public. Here, we discuss some

existing programs that take advantage of this approach for

the promotion of science literacy. We focus our discussion

on programs established by the American Society for

Microbiology (ASM), while also taking note of similar pro-

grams from other scientific societies and groups. Although

data assessing the impact of these programs remain limited,

we argue that these programs are valuable for the promotion

of science literacy and advocate for their increased adoption

and development.

THE ASM AMBASSADOR PROGRAM AND YOUNG LEADERS
CIRCLE

ASM is one of the largest life science societies in the world,

with more than 30,000 members around the globe. This large

and increasingly international membership base inevitably cre-

ates challenges in meeting its diverse needs. In order to address

these needs and promote communication and awareness

among local and global communities, ASM has established

two programs: (i) the ASM Ambassador Program, which is

composed of ASM Country Ambassadors as well as International

and U.S. Young Ambassadors, and (ii) The Young Leaders Circle

(YLC) (38).

The goal of the ASM Ambassador Program is to assist

ASM in advancing its mission of promoting the microbial scien-

ces globally. Ambassadors provide an official local presence

on behalf of ASM and play significant roles in identifying and

communicating national and regional issues, needs, and oppor-

tunities to ASM. The role of Ambassadors is multifaceted and

includes interacting with scientists at international meetings

and other venues as well as with the public, often through

Ambassador-driven public outreach initiatives. As of 2022, the

ASM Ambassador Program spans 112 countries across the

globe, as well as 33 U.S. states (Fig. 1). Considering its broad

reach, this program serves to foster a global network of indi-

viduals working to promote accessibility of the microbial scien-

ces across the world. Stemming from the ASM Ambassador

Program, the YLC is an international advisory group that is

composed of current and former ASM Ambassadors and stu-

dent chapter representatives. YLC members work to empower

early-career microbiologists’ voices, increase gender diversity in
the field of microbiology, foster global networking, and support

education and professional development (39). They also provide

strategic direction for the ASM Ambassador program, setting

priorities and assisting its governance. While much of the work

undertaken by ASM Ambassadors and the YLC involves engag-

ing with students and early-career scientists, public outreach

and education is another major area of focus. Many activities

designed and implemented by ASM Ambassadors are aimed at

promoting science literacy within their local communities.

In the following sections, we provide some examples of these

activities and their impacts.

Promotion of science literacy by ASM and its
ambassadors

ASM Ambassadors are highly dynamic early-career leaders

who speak on behalf of ASM in their regional scientific commun-

ities, promoting networking, career development, and teamwork

to advance science internationally. As ASM Ambassadors come

from diverse regions of the world, they can often more effec-

tively communicate with their local communities than would be
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possible by ASM alone. The intersection of different identities

with their scientific identity opens the possibility for increased

connections between Ambassadors and nonscientific audi-

ences. Shared identities and cultural values can help instill

trust in scientific professionals, as self-identity and cultural

values influence how individuals perceive information (40).

Furthermore, being integrated in their local communities, ASM

Ambassadors are much more in tune with their local commun-

ities and their needs. They can more easily navigate nuances

of their local cultural, political, and religious landscape, leading

to increased acceptance of their outreach programs than

might be achieved by outsiders.

Table 1 describes some examples of activities for the pro-

motion of science literacy that have been funded by ASM and

implemented by ASM Ambassadors in recent years. These pro-

grams are as diverse as the people organizing them and vary

widely in their goals and audiences. Some of these activities

work to break down language barriers. For example, the team

behind the DivulgaMicro program has translated many ASM

resource materials into their local languages (41). Through

numerous workshops, they have also trained hundreds of

early-career scientists in best practices for science communica-

tion with general audiences. Feedback on the DivulgaMicro pro-

gram has been very positive, with participants praising the inter-

activity and usefulness of content presented in workshops

(41, 42). While DivulgaMicro does not necessarily interact

with lay audiences directly, it has been successful in giving

more people in the region skill sets that will allow them to

engage with locals more effectively. Other ASM Ambassador

activities involve connecting with scientific and nonscientific

audiences more directly. For instance, one recent activity organ-

ized by the Ambassador to Cameroon involved traveling to the

northern part of the country to interact with the Maroua com-

munity. Working with public health professionals in the region

to communicate in the local dialect and respect the religious

culture of the area, a team of microbiologists connected with

many individuals in this community to discuss public health issues

with them. In doing so, they worked to promote awareness

of hygiene practices that may be implemented to reduce dis-

ease incidence in this region. These efforts were positively

received, and benefits of hygienic practices were acknowl-

edged. However, for many, poverty and socioeconomic sta-

tus were cited as drivers behind unhygienic practices. Many

other great initiatives are being led by ASM Ambassadors.

These are compiled into the yearly newsletter from the

YLC (entitled “Your Leadership Communication: Your Pathway

to the ASM Young Ambassador’s World”), covering topics per-
tinent to ASM Ambassadors as well as student and postdoctoral

members of ASM. Theses newsletters, as well as other relevant

information regarding the ASM Ambassador Program, are

available on a dedicated website (https://asmyoungambassadors.

wordpress.com/).

COVID-19 pandemic influences on science literacy
activities

Soon after the World Health Organization declared

COVID-19 a pandemic in March 2020, quarantine and physical

distancing led to the suspension of face-to-face activities in

almost all countries (43). COVID-19 brought microbiology

FIG 1. World map depicting countries in which the American Society for Microbiology Ambassador Program has a presence. Numbers
within circles indicate the number of countries on each continent that have an ASM Young Ambassador (green), ASM Country Ambassador
(blue), or both (red). For the United States, individual states with a U.S. Young Ambassador are depicted (green with black stripes). These data
are current as of 2022.
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TABLE 1

Examples of activities carried out by ASM Ambassadors that work to promote science literacy and engagementa

Activity Yr Description Target audience
ASM young
ambassador

ASM

workshops at

Women in

Science STEAM

camps

2016

This workshop took place in Lima, Peru, and was aimed at

girls from different countries across Latin America. They

gathered to learn about STEAM, working with

microscopes, and culturing of bacteria using petri dishes.

This and subsequent workshops were in part facilitated by

the United Nations Girl Up Program, which aims to

address gender disparities in scientific fields.
Secondary school

girls from around

the world

Uruguay

2018

This workshop took place in Tbilisi, Georgia. It worked to

teach girls about health through the lens of microbiology

and presented information about the role of microbiology

in the One Health approach.

Republic of

Georgia

2019

This workshop took place in Tallinn, Estonia, and was

cross-cultural with 100 students from Eastern Europe and

the United States. Together, they explored the invisible

world of organisms that live in, on, and around us through

hands-on educational activities.

Estonia

DivulgaMicro Since 2018

The DivulgaMicro project is an initiative with the goal of

enhancing science communication skills among early-

career scientists in Brazil. It maintains a website dedicated

to providing online resources for scientific outreach and

also organizes workshops across Brazil. These workshops

teach best practices for scientific writing and presentation

as well as communication techniques for interacting with

general audiences.

Brazilian scientists

interested in

public engagement

Brazil

Smithsonian

Outbreak DIY

Exhibits

2019

In 2018, the Smithsonian’s Museum of Natural History

launched its “Outbreak: Epidemics in a Connected

World” program, for which a DIY version consisting of a

series of posters was developed. This exhibit works to

educate the public about emerging infectious diseases and

the concept of One Health. ASM Ambassadors presented

this exhibit at science outreach events and in public

venues across the world.

Communities

across the world
Various

Science

communication

through social

media in Latin

America

Varies;

increased

activity since

2020

Partially spurred from the Brazilian DivulgaMicro project,

a social media campaign was started in Latin American

countries at the beginning of the COVID-19 pandemic.

Through posts and video series, these social media

channels worked to distill academic information down

into simple language that could be understood by all

people. Topics of videos included antimicrobials, zoonotic

diseases, beneficial microbes, hospital-acquired infections,

and antimicrobial resistance, among others.

Brazil: @divulgamicro (Instagram, Facebook)

Argentina: @microbestory (Instagram, Facebook)

Uruguay: @microbiouy (Instagram)

Paraguay: @microbeclubpy (Instagram, Facebook)

Mexico: @Micuorum (Instagram)

Latin Americans Various

COVID-19

webinar series
2021

In a collaboration between Houston Taste of Science (a

national science communication organization) and the

Texas Medical Center Student and Postdoc Chapter of

ASM (ASM-TMC), a two-part webinar series was

developed to educate the public on COVID-19 and

debunk myths and misinformation. This webinar was

Houston, Texas

residents
Texas, USA

(Continued on next page)
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and epidemiology closer to the general community. With this

came opportunities as well as challenges. On one hand, people

were primed to become more scientifically literate, as they

wanted to learn more about viruses, disinfectants, and vaccines.

This made public engagement on scientific issues easier. However,

it also came with a significant rise in disinformation and a lot

of unknowns in a rapidly changing landscape (44). With new

discoveries happening daily, information from reliable sources

evolved quickly, potentially sowing confusion. Additionally, with

the rapid transition to online portals, all outreach events and

public engagement activities began to rely on virtual communi-

cation tools (45). Across the globe, the effects of these shifts

varied. Online meetings improved reach and accessibility for

many regions, but decreased accessibility was seen in others

where home Internet and computers were limited (46).

In the wake of the pandemic, many scientific societies

and organizations established COVID-19 public outreach cam-

paigns (47). Public engagement by ASM included development

TABLE 1 (Continued)

Activity Yr Description Target audience
ASM young
ambassador

hosted by graduate students and postdocs from the Texas

Medical Center, who had live conservations with

virologists, infectious disease experts, and epidemiologists

from Baylor College of Medicine, UT Health Science

Center at Houston, Houston Methodist, and Harvard

MGH. This series was later adapted to a shorter webinar

tailored towards high school students, young adults, and

their families in collaboration with the ASM-TMC Young

Biologist Program at the Alief Independent School

District. All webinars were recorded and made available

to the public via Youtube (https://www.youtube.com/@

asmtmc8094/videos).

Workshop on

biorisk

assessment

2021

During the COVID-19 pandemic, a risk assessment

workshop was conducted to educate professionals and

early-career scientists working in laboratories about

biorisk assessment. The workshop was based onWHO

scenarios on biorisk assessment and used hands-on

exercises related to waste management and shipping of

biological substances.

Professionals and

early-career

scientists

Pakistan

K-TESST 2022

K-TESST is a citizen science project that aims to educate

Tennessee residents about soil and water quality. By

distributing soil and water testing kits, this program will

collect and map data across the region and educate people

about the environment by getting them involved in the

process of science (https://sites.google.com/vols.utk.edu/

k-tesst/home?authuser=0).

Tennessee

residents

Tennessee,

USA

Bacteria Grub

at the Library
2022

This outreach activity is aimed at getting children excited

about science and learning about the ubiquity of bacteria.

Participants were taught how to perform environmental

sampling using agar plates and simulated bacterial growth

using icing to decorate sugar cookies.

School-aged

children

Louisiana,

USA

Community

Sensitization on

Good Hygiene

Practices in

Cameroon

2022

A team of six microbiologists led by the Young

Ambassador to Cameroon traveled to the Maroua

community to connect with them. This community is

burdened by waterborne and foodborne diseases.

Working together with local health district professionals,

this team entered the community and discussed public

health challenges with them. Community individuals

included roasted meat sellers, street drug traders, and

individuals using unclean water for drinking, washing juice

bottles sold in the community, and washing animals.

Maroua

community of

northern

Cameroon

Cameroon

aSTEAM, science, technology, arts & design, and math; K-TESST, Knoxville-Tennessee Environmental Soil and Stream Testing project; DIY, do

it yourself; WHO,World Health Organization.
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of freely available public outreach tools, a shift in focus to

COVID-19 on the “This Week in Virology” podcast, and

increased advocacy for pandemic-related policy that is rooted in

science. ASM Ambassadors helped put together some of these

public engagement resources as well as organized webinars

and virtual workshops. Many were tailored for specific audien-

ces to help meet the communication needs of diverse com-

munities. Ongoing activities were also adapted to virtual for-

mats. For instance, in Latin America, social media presence

increased during this time, as a series of accounts was created

that worked to promote science literacy in this region (Table 1).

As another example, the in-person DivulgaMicro workshop,

developed by a former Young Ambassador to Brazil, was adapted

to be given remotely (41, 42). Originally, the DivulgaMicro

Workshop was 1 day long and was carried out at universities

and at scientific conferences across Brazil. The online version

of the DivulgaMicro workshop was modified to a 3-day format

(8 h per day) and used a combination of short lectures and

active-learning activities. This online workshop was adapted

successfully; participants felt that sessions focused on teaching

strategies for effectively communicating with the public were

the most useful. Difficulties participants faced were lim-

ited to mainly technological issues, such as Internet connection

instability.

PROMOTION OF SCIENCE LITERACY BY SCIENTIFIC
SOCIETIES BEYOND ASM

In addition to ASM, many large professional societies

engage in public outreach to promote science literacy. For

instance, the American Society for Cell Biology (ASCB) has

established the Committee for Postdocs and Students

(COMPASS), analogous to the Young Leaders Circle of ASM.

COMPASS not only represents trainees and creates opportuni-

ties for professional development but also creates opportunities

for public outreach (48). This is best exemplified by the

COMPASS outreach grant program, which awards $1,000

for projects or events that engage the public (www.ascb.org/

grants-awards/compass-outreach-grants). The American

Chemical Society (ACS) promotes professional development

and public outreach by supporting institutional ACS Graduate

Student Organizations (GSOs). Similar to ASCB members, stu-

dents in these GSOs are eligible to apply for an ACS Student

Communities engagement grant (www.acs.org/content/acs/en/

education/students/graduate/graduate-student-organizations.html).

Other professional organizations have focused more on

providing structured training for early-career scientists who

wish to engage in public outreach. For example, the Society

for Developmental Biology science communication internship

program gives graduate students and postdocs an opportunity

to learn how to communicate science through social media and

society newsletters (www.sdbonline.org/science_communication_

internship). Furthermore, organizations such as the Federation

of American Societies for Experimental Biology and Geological

Society of America have launched science policy fellowships

that provide hands-on experience interacting with public offi-

cials and intensive training in science communication skills

(www.faseb.org/awards/science-fellowships; www.geosociety.org/

GSA/Science_Policy/GSA_Science_Policy_Fellowship). Similarly,

the American Association for the Advancement of Science

(AAAS) has established the Leshner Leadership Institute

for Public Engagement with Science to train fellows in science

communication and prepare them to pursue their own public

engagement projects at their local institutions (49).

Finally, several organizations have established ambassador

programs. One program launched by AAAS, the IF/THEN

Ambassador program, focuses specifically on promoting

women in science, technology, and math (STEM) with ambassa-

dors serving as role models, sharing their experiences in STEM

careers (ifthen.aaas.org/Home/About). Another program, sup-

ported by the National Science Foundation, is the STEM

Ambassador Program (STEMAP) at the University of Utah.

STEMAP trains and supports students, postdocs, and faculty

members in carrying out public outreach activities outside of

traditional venues such as schools and museums (50). The pro-

gram has trained over 100 STEM ambassadors to date, reaching

out to thousands of members of the public in various commun-

ities. Importantly, the program has also performed surveys and

case studies of participants and disseminated the findings in

peer-reviewed journals (37, 50). Both scientists and members of

focal groups have responded positively to their implementation

of an ambassador approach, reporting benefits in its use.

PROGRAMMATIC STRATEGIES FOR PROMOTION OF
SCIENCE LITERACY

Today, many critical challenges we face, such as climate

change, increased incidence of disease, and famine, require

science and science-backed policy to solve them. Programs

that work to promote science literacy via outreach and engage-

ment by scientists are important tools for educating the public

and policymakers (15, 21). Science is not static; facts change

over time as new discoveries are made. Therefore, science liter-

acy must include a component that instills understanding of sci-

entific practices, how to judge scientific expertise, and how to

assess the reliability of information (1). The goal in doing this is

to mitigate the spread of misinformation, as well as limit cultural

and political polarization of key scientific issues. Clearer defini-

tions of what engagement with the public means and its goals

are also needed (51, 52). This should help inform the design of

outreach activities and lead to more positive outcomes.

In designing programs and activities for the promotion

of science literacy, pedagogical practices such as backwards

design can be helpful. With backwards design, desired learning

outcomes of an activity are identified first, followed by a deter-

mination of what evidence can be used to assess results (53).

Only after these are established are activities and assessments

designed. Formal training of scientists in pedagogy and scientific

communication for outreach should be supported by more

institutions. Adequate communication skills are a prerequisite
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for effective public engagement, and a lack of such skills severely

hampers science communication efforts (18, 54). Communication

training can help those involved in outreach to set clearly

defined objectives that are tuned to particular audiences,

fostering greater engagement and achievement of desired

outcomes (55).

While many programs tend to focus on one-way dissemi-

nation of scientific facts (56, 57), there are strategies that may

be implemented for more effective public engagement (15).

More two-way communication between scientists and the pub-

lic through outreach should be implemented to promote public

trust and interest (37, 57). This ambassador approach to public

engagement has benefits to both scientists and nonscientists

alike and leads to positive societal impacts (37). Active engage-

ment and dialogue between science ambassadors and non-

scientists helps build relationships and promote learning for all

parties by moving away from the deficit model, where scientists

engage in one-way communication to a public perceived to be

adequately informed about science (15, 58). This deficit model

is largely considered flawed and is recognized as an ineffective

engagement strategy (37, 55, 59, 60). Studies assessing the out-

come of the ambassador approach implemented by STEMAP

have indicated that scientists value this approach and see bene-

fits in its implementation (37, 61). Given the accomplishments

of ambassador programs, such as those of ASM and STEMAP,

we argue that more programs like these should be developed

and supported by scientific societies and universities.

Improvement of programs and their activities over time

will require better protocols for assessing their efficacy and

impact. More research is needed in these areas, including on

the benefits and drawbacks of different engagement practices

such as the ambassador approach. Publishing formal assess-

ments of science outreach activities and their outcomes should

be encouraged and become more commonplace (62). This

allows for the establishment and refinement of best practices.

Unfortunately, much of what has been published related to sci-

ence outreach and the promotion of science literacy is spread

across many different fields of literature (63). Use of a common

set of keywords in papers can help combat this (62). Through

learning about the experiences of others, engagement practice

can continually be improved over time and the short- and long-

term impacts better understood.

WAYS TO GET INVOLVED IN PROMOTING SCIENCE
LITERACY

Given the many forms that science outreach and the

promotion of science literacy can take, there are many ways

in which scientists at any level of their career can begin to

get involved. Starting local can be a great first step. As more

and more scientists are recognizing the importance of out-

reach (16–20), it is likely that peers and mentors may be

able to point out what opportunities exist locally. Museums

and zoos often have volunteer opportunities that involve

engaging with the public. Universities may have connections

with primary and secondary schools or local science fairs

with which there are opportunities. Those at academic

and research institutions may be able to reach out to an

institutional office of education and outreach or a student

association that participates in outreach. At institutions that

lack these resources, scientific societies may provide the op-

portunity to establish them. ASM, for instance, has a student

and postdoctoral chapter program. ASM members can form

chapters at their local institutions and host a range of events

aimed at advancing the microbial sciences. Chapters benefit

from their association with the society, as it permits access

to ASM funds and resources that can kick start or help grow

science literacy and outreach programs. ASM members can

also apply for funding through community science grants to

organize public science engagement events in their local com-

munities. Programs such as these are a facet of many scientific

societies and can provide support that may not be available

locally.

Joining a scientific society can be a great way to engage

in science outreach. Many societies have science communication

courses and workshops. These programs provide instruction

on effective communication for public engagement. Scientific

societies also commonly have active outreach programs and

activities where individuals can volunteer their time. Ambassador

programs are one example of these. For societies lacking such

programs, individuals can work to establish them by reaching

out to society leadership and making it known that members

want and would benefit from such programs. Implementing

training programs for science communication best practices can

be key, as this has been shown to be beneficial for scientific out-

reach outcomes (64, 65). Furthermore, allocating funding to-

ward running science outreach activities can be crucial. As an

example, much of the success of the ASM Young Ambassador

Programs may be attributed to the Young Ambassador Project

Fund. ASM Ambassadors apply for this funding by submitting

proposals and budgets for projects they would like to run. ASM

then reviews these proposals and grants funding based on their

merit and potential impact. The availability of these funds fosters

innovative ideas and permits flexibility of activities in different

regions across the world.

CONCLUSIONS

The personal and societal benefits of promoting science

literacy cannot be understated. Scientists, through outreach

and engagement, can remove barriers to access of scientific

information for many different targeted audiences, including

the general public. Promotion of science literacy across the

globe requires scientists to bridge language, cultural, political,

and religious barriers. Access to reliable scientific information

remains a challenge globally. ASM, through its large global net-

work of programs, has demonstrated how valuable they can

be in establishing dialogue among different groups of people

and scientists. Although more work is still needed to optimize

its efficiencies, an ambassador approach to public engagement is
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well-suited to foster communication and connection among

diverse groups of people. Programs that incorporate these

practices into their activities are apt to benefit from this approach

and see positive outcomes as a result.

ACKNOWLEDGMENTS

We thank Kirsten Bartlett for support in writing this

article and in managing the ASM Ambassador Program. We

also thank all current and previous ASM Ambassadors for

their hard work and enthusiasm in promoting science all

over the world. All authors are members of the ASM Young

Leaders Circle (YLC) and are ASM Young Ambassadors (YA)

or ASM Chapter Officers. M.J.T. is the current YLC chair

and former YA to Tennessee, D.C. is the YA to Argentina,

D.K. is the Texas Medical Center Student and Postdoc

Chapter President, F.M. is the YA to Switzerland, B.G. is the

founder of the ASM Student Chapter at Hobart and William

Smith Colleges, Y.O. is the YA toWashington, DC, F.A. is the

YA to Pakistan, and A.O. is the YA to France and former

YLC chair. In addition to the authors, the YLC is composed

of Becky Aloo and Iyiola Olandunjoye. The views expressed

in this paper are those of the authors and do not necessarily

reflect those of the American Society for Microbiology nor the

individual affiliations of the authors. None of the authors

received funding to support this work. All authors declare

no conflicts of interest.

REFERENCES

1. National Academies of Sciences, Engineering, and Medicine.

2016. Science literacy: concepts, contexts, and consequen-

ces. National Academies Press, Washington, DC. https://nap.

nationalacademies.org/catalog/23595/science-literacy-concepts-

contexts-and-consequences.

2. American Association for the Advancement of Science. 1989.

Science for all Americans. Oxford University Press, New York, NY.

http://www.project2061.org/publications/sfaa/online/sfaatoc.htm.

3. COSCE. 2011. Informe ENCIENDE, Enseñanza de las ciencias en

la didáctica escolar para edades tempranas en España. Confederación

de Sociedades Científicas de España, Madrid, Spain.

4. Fensham PJ. 1985. Science for all: a reflective essay. J Curric

Stud 17:415–435. https://doi.org/10.1080/0022027850170407.

5. Millar R, Osborne J. 1998. Beyond 2000—science education for

the future: a report with ten recommendations. King’s College,

London, England.

6. Ministry of Education, Taiwan. 2014. Curriculum guidelines of

12-year basic education. National Academy for Educational

Research, New Taipei City, Taiwan.

7. National Research Council. 2011. A framework for K-12 science

education: practices, crosscutting concepts, and core ideas. National

Academies Press, Washington, DC. https://nap.nationalacademies.

org/catalog/13165/a-framework-for-k-12-science-education-

practices-crosscutting-concepts.

8. Ständige Konferenz der Kultusminister der Länder in

der Bundesrepublik Deutschland. 2005. Beschlüsse der

Kultusministerkonferenz: Bildungsstandards im Fach Biologie

für den Mittleren Schulabschluss. Wolters Kluwer Deutschland

GmbH, Munich, Germany. https://www.kmk.org/fileadmin/

Dateien/veroeffentlichungen_beschluesse/2004/2004_12_16-

Bildungsstandards-Biologie.pdf.

9. OECD. 2019. PISA 2018 assessment and analytical framework.

Organization for Economic Co-operation and Development,

Paris, France.

10. Krontiris-Litowitz J. 2013. Using primary literature to teach

science literacy to introductory biology students. J Microbiol Biol

Educ 14:66–77. https://doi.org/10.1128/jmbe.v14i1.538.

11. Woodham H, Marbach-Ad G, Downey G, Tomei E, Thompson

K. 2016. Enhancing scientific literacy in the undergraduate cell

biology laboratory classroom. J Microbiol Biol Educ 17:458–465.

https://doi.org/10.1128/jmbe.v17i3.1162.

12. Osborne J, Pimentel D. 2022. Science, misinformation, and the

role of education. Science 378:246–248. https://doi.org/10.1126/

science.abq8093.

13. Pham D. 2016. Public engagement is key for the future of science

research. NPJ Sci Learn 1:1610. https://doi.org/10.1038/npjscilearn

.2016.10.

14. Shugart EC, Racaniello VR. 2015. Scientists: engage the public!

mBio 6:e01989-15. https://doi.org/10.1128/mBio.01989-15.

15. Varner J. 2014. Scientific outreach: toward effective public engage-

ment with biological science. Bioscience 64:333–340. https://doi

.org/10.1093/biosci/biu021.

16. Besley JC, Dudo A, Yuan S, Lawrence F. 2018. Understanding

scientists’ willingness to engage. Sci Commun 40:559–590. https://

doi.org/10.1177/1075547018786561.

17. Besley JC, Nisbet M. 2013. How scientists view the public, the

media and the political process. Public Underst Sci 22:644–

659. https://doi.org/10.1177/0963662511418743.

18. Hunter P. 2016. The communications gap between scientists

and public. EMBO Rep 17:1513–1515. https://doi.org/10.15252/

embr.201643379.

19. Pew Research Center. 2015. How scientists engage the public.

Pew Research Center, Washington, DC.

20. Singh GG, Tam J, Sisk TD, Klain SC, Mach ME, Martone RG,

Chan KM. 2014. A more social science: barriers and incentives

for scientists engaging in policy. Front Ecol Environ 12:161–

166. https://doi.org/10.1890/130011.

21. Hetherington ED, Phillips AA. 2020. A scientist’s guide for engaging

in policy in the United States. Front Mar Sci 7. https://doi.org/10

.3389/fmars.2020.00409.

22. Medin DL, Bang M. 2014. The cultural side of science commu-

nication. Proc Natl Acad Sci U S A 111:13621–13626. https://

doi.org/10.1073/pnas.1317510111.

23. O’Malley RC, Slattery JP, Baxter CL, Hinman K. 2021. Science

engagement with faith communities: respecting identity, culture

and worldview. J Sci Commun 20:C11. https://doi.org/10.22323/

2.20010311.

24. Rekker R. 2021. The nature and origins of political polarization

over science. Public Underst Sci 30:352–368. https://doi.org/

10.1177/0963662521989193.

SCIENTISTS AS SCIENCE AMBASSADORS JOURNAL OF MICROBIOLOGY AND BIOLOGY EDUCATION

August 2023 Volume 24 Issue 2 10.1128/jmbe.00041-23 8



25. Osborne J, Pimentel D, Alberts B, Allchin D, Barzilai S, Bergstrom

C, Coffey J, Donovan B, Kivinen K, Kozyreva A,Wineburg S. 2022.

Science education in an age of misinformation. Stanford University,

Stanford, CA.

26. Márquez MC, Porras AM. 2020. Science communication in

multiple languages is critical to its effectiveness. Front Commun 5.

https://doi.org/10.3389/fcomm.2020.00031.

27. Bultitude K. 2014. Science festivals: do they succeed in reach-

ing beyond the ‘already engaged’? J Sci Commun 13:C01.

https://doi.org/10.22323/2.13040301.

28. Dawson E. 2018. Reimagining publics and (non) participation:

exploring exclusion from science communication through the

experiences of low-income, minority ethnic groups. Public Underst

Sci 27:772–786. https://doi.org/10.1177/0963662517750072.

29. Dawson E. 2014. Reframing social exclusion from science com-

munication: moving away from ‘barriers’ towards a more com-

plex perspective. J Sci Commun 13:C02. https://doi.org/10.22323/2

.13020302.

30. Menezes S, Murray-Johnson K, Smith H, Trautmann H, Azizi M.

2022. Making science communication inclusive: an exploratory

study of choices, challenges and change mechanisms in the

United States from an emerging movement. J Sci Commun 21:

A03. https://doi.org/10.22323/2.21050203.

31. Bernard V, Michaut M. 2013. Explain bioinformatics to your

grandmother! PLoS Comput Biol 9:e1003305. https://doi.org/

10.1371/journal.pcbi.1003305.

32. Besley JC. 2015. What do scientists think about the public and

does it matter to their online engagement? Sci Public Policy

42:201–214. https://doi.org/10.1093/scipol/scu042.

33. Höttecke D, Allchin D. 2020. Reconceptualizing nature-of-sci-

ence education in the age of social media. Sci Educ 104:641–

666. https://doi.org/10.1002/sce.21575.

34. Brownell SE, Price JV, Steinman L. 2013. Science communi-

cation to the general public: why we need to teach under-

graduate and graduate students this skill as part of their

formal scientific training. J Undergrad Neurosci Educ 12:

E6–E10.

35. Moni RW, Hryciw DH, Poronnik P, Moni KB. 2007. Using

explicit teaching to improve how bioscience students write to

the lay public. Adv Physiol Educ 31:167–175. https://doi.org/10

.1152/advan.00111.2006.

36. Petzold AM, Dunbar RL. 2018. The art of talking about science:

beginning to teach physiology students how to communicate

with nonscientists. Adv Physiol Educ 42:225–231. https://doi

.org/10.1152/advan.00053.2017.

37. Nadkarni NM, Weber CQ, Goldman SV, Schatz DL, Allen S,

Menlove R. 2019. Beyond the deficit model: the ambassador

approach to public engagement. Bioscience 69:305–313. https://doi

.org/10.1093/biosci/biz018.

38. Karczewska-Golec J. 2015. 115-year-old society knows how to

reach young scientists: ASM Young Ambassador Program. N

Biotechnol 32:680–681. https://doi.org/10.1016/j.nbt.2014.11.001.

39. Me�strović T, Cevik M, Pinto TCA, BaraćA, Servín-Garcidueñas LE,
Ong DSY. 2019. The convergent effect of international collabora-

tion between young leaders of two global societies: strengthening

microbiology education and training practices worldwide. J

Microbiol Biol Educ 20:50. https://doi.org/10.1128/jmbe.v20i1

.1669.

40. Kahan D. 2010. Fixing the communications failure. Nature

463:296–297. https://doi.org/10.1038/463296a.

41. Oliveira LMA, Bonatelli ML, Pinto TCA. 2019. DivulgaMicro: a

Brazilian initiative to empower early-career scientists with sci-

ence communication skills. J Microbiol Biol Educ 20:40. https://

doi.org/10.1128/jmbe.v20i1.1616.

42. de Oliveira LMA, Cordeiro-Spinetti E, Neves FPG, Sujii PS,

Ribeiro RL, de Lyra SS, Pinto TCA, Bonatelli ML. 2021. Going

online in pandemic time: a DivulgaMicro workshop experience. J

Microbiol Biol Educ 22:ev22i1.2493. https://doi.org/10.1128/jmbe

.v22i1.2493.

43. World Health Organization. 2020. WHO Director-General’s open-

ing remarks at the media briefing on COVID-19. https://www.who.

int/director-general/speeches/detail/who-director-general-s-opening-

remarks-at-the-media-briefing-on-covid-19---11-march-2020.

44. Orso D, Federici N, Copetti R, Vetrugno L, Bove T. 2020.

Infodemic and the spread of fake news in the COVID-19-

era. Eur J Emerg Med 27:327–328. https://doi.org/10.1097/

MEJ.0000000000000713.

45. Ufnar J, Shepherd VL, Chester A. 2021. A survey of STEM out-

reach programs during the COVID-19 pandemic. J STEM

Outreach 4. https://doi.org/10.15695/jstem/v4i2.13.

46. Padma TV. 2021. How COVID changed schools outreach. Nature

594:289–291. https://doi.org/10.1038/d41586-021-01517-7.

47. Gonzales A, Lee EC, Grigorescu V, Smith SR, Lew ND, Sommers

BD. 2021. Overview of barriers and facilitators in COVID-19 vac-

cine outreach. Office of the Assistant Secretary for Planning and

Evaluation, U.S. Department of Health and Human Services,

Washington, DC.

48. Cantelli G, Lakoduk A. 2018. COMPASS: who are we? ASCB.

https://www.ascb.org/member-news/compass-who-are-we/.

49. Leshner AI. 2003. Public engagement with Science. Science

299:977–977. https://doi.org/10.1126/science.299.5609.977.

50. Weber C, Allen S, Nadkarni N. 2021. Scaling training to sup-

port scientists to engage with the public in non-traditional venues. J

Sci Commun 20:N02. https://doi.org/10.22323/2.20040802.

51. Phipps M. 2010. Research trends and findings from a decade

(1997–2007) of research on informal science education and

free-choice science learning. Visit Stud 13:3–22. https://doi

.org/10.1080/10645571003618717.

52. Weingart P, Joubert M, Connoway K. 2021. Public engagement

with science—origins, motives and impact in academic literature

and science policy. PLoS One 16:e0254201. https://doi.org/10.1371/

journal.pone.0254201.

53. Loberti AM, Dewsbury BM. 2018. Using a logic model to direct

backward design of curriculum. J Microbiol Biol Educ 19:30.

https://doi.org/10.1128/jmbe.v19i3.1638.

54. Rose KM, Markowitz EM, Brossard D. 2020. Scientists’ incen-

tives and attitudes toward public communication. Proc Natl

Acad Sci U S A 117:1274–1276. https://doi.org/10.1073/pnas

.1916740117.

55. Dudo A, Besley JC. 2016. Scientists’ prioritization of communi-

cation objectives for public engagement. PLoS One 11:e0148867.

https://doi.org/10.1371/journal.pone.0148867.

SCIENTISTS AS SCIENCE AMBASSADORS JOURNAL OF MICROBIOLOGY AND BIOLOGY EDUCATION

August 2023 Volume 24 Issue 2 10.1128/jmbe.00041-23 9



56. Davies SR. 2008. Constructing communication: talking to sci-

entists about talking to the public. Sci Commun 29:413–434.

https://doi.org/10.1177/1075547008316222.

57. Yuan S, Oshita T, AbiGhannam N, Dudo A, Besley JC, Koh HE.

2017. Two-way communication between scientists and the public:

a view from science communication trainers in North America. Int

J Sci Educ Part B 7:341–355. https://doi.org/10.1080/21548455

.2017.1350789.

58. Reincke CM, Bredenoord AL, van Mil MH. 2020. From deficit

to dialogue in science communication: the dialogue communi-

cation model requires additional roles from scientists. EMBO

Rep 21. https://doi.org/10.15252/embr.202051278.

59. Simis MJ, Madden H, Cacciatore MA, Yeo SK. 2016. The lure of

rationality: why does the deficit model persist in science com-

munication? Public Underst Sci 25:400–414. https://doi.org/10

.1177/0963662516629749.

60. Seethaler S, Evans JH, Gere C, Rajagopalan RM. 2019. Science,

values, and science communication: competencies for pushing

beyond the deficit model. Sci Commun 41:378–388. https://doi

.org/10.1177/1075547019847484.

61. Johnson AR, Nadkarni NM, Weber CQ. 2022. Providing public

engagement training to build connections between the com-

munity and research ethics professionals: a pilot project. J

Empir Res Hum Res Ethics 17:545–553. https://doi.org/10.1177/

15562646221126282.

62. Davis C, Weber C, Nadkarni NM. 2022. Prevalence of dis-

course on public engagement with science in ecology litera-

ture. Front Ecol Environ 20:524–530. https://doi.org/10.1002/fee

.2535.

63. Carleton-Hug A, Hug JW. 2010. Challenges and opportunities for

evaluating environmental education programs. Eval Program Plann

33:159–164. https://doi.org/10.1016/j.evalprogplan.2009.07.005.

64. Webb AB, Fetsch CR, Israel E, Roman CM, Encarnación CH,

Zacks JM, Thoroughman KA, Herzog ED. 2012. Training scien-

tists in a science center improves science communication to

the public. Adv Physiol Educ 36:72–76. https://doi.org/10.1152/

advan.00088.2010.

65. Rodgers S, Wang Z, Maras MA, Burgoyne S, Balakrishnan B,

Stemmle J, Schultz JC. 2018. Decoding science: development

and evaluation of a science communication training program using

a triangulated framework. Sci Commun 40:3–32. https://doi.org/10

.1177/1075547017747285.

SCIENTISTS AS SCIENCE AMBASSADORS JOURNAL OF MICROBIOLOGY AND BIOLOGY EDUCATION

August 2023 Volume 24 Issue 2 10.1128/jmbe.00041-23 10


