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ABSTRACT Undergraduate science students will have opportunities, in their personal
lives and future careers, to be science communicators. However, they must be trained
in effective approaches to science communication. One medium by which students
can engage in science communication is via podcasts, which are a tool for both
science communication and science education. While there have been studies analyzing
the impacts of podcasts on audiences, there is less examination in the literature of
how the process of producing a science podcast influences the podcaster themselves,
especially for student podcasters. Thus, in this article, we present a curriculum in which
a group of student podcasters developed science podcasts about topics relevant to
key concepts in biology and microbiology education, such as evolution as applied to
antibiotic resistance. The students applied concepts of strategic and inclusive science
communication to iteratively develop their podcasts. The second critical component
of the curriculum is students engaging in collaborative autoethnography in order to
reflexively consider how developing a podcast impacted them as developing science
communicators. Thematic analysis of focus groups and student reflections revealed key
themes about how students applied evidence from the science communication literature
to their science podcasting process and about how students grew as scientists and
science communicators during the process. This study provides insights for training of
undergraduate science students in reflexive practice in science communication that is
applicable to their future careers. Instructors can utilize the science podcast creation
and/or collaborative autoethnography components of this curriculum in order to help
develop their students as science communicators.

KEYWORDS podcast, science communication, reflexivity, collaborative autoethnogra-
phy, thematic analysis

Students as science communicators

here have been calls for undergraduate science students to be trained in science

communication, and communication is a core skill in Vision & Change (1, 2). However,
students often do not have the training to engage in effective communication tac-
tics to connect with audiences (3-5), and students often have higher motivation to
communicate than opportunities to do so (6). Additionally, when students are trained
in science communication, it is often in only the skills for unidirectional dissemination
of information rather than in the skills for inclusive, collaborative, and reflective practice
of science communication (7). Thus, we aimed to develop a science communication
training program that gave students training in inclusive and effective approaches for
science communication according to the research literature in science communication;
gave students opportunities to practice science communication; and promoted students’
reflection about their science communication. In this curriculum, we gave students a
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structured opportunity to learn about evidence-based science communication, develop
science podcasts, and then reflect upon the experience via the process of collabora-
tive autoethnography (CAE).

Podcasts as a form of science communication

Podcasts have recently increased in popularity (8), both as tools for science communica-
tion (9) and science education (10). Storytelling and learning by listening are ancient
pedagogical practices that can promote rich learning experiences to construct knowl-
edge (11-13). Podcast producers use storytelling to leverage features and affordances
of the medium and attributes of different genres to generate creative expressions of
information that engage their audience in specific ways beyond a basic lecture recording
(14). Thus, like case studies, podcasts are not just stories, but stories with an educational
message (15).

While there have been various explorations of the impact of podcasts on public
audiences (16) and student audiences (17-24), there has been less exploration of how
creating podcasts influences the podcaster as a science communicator. One study
surveyed 147 science podcasters in terms of strategic science communication, using the
Theory of Planned Behavior (25, 26), and analyzed their science communication goals,
objectives, and tactics (27). This study showed that podcasters’ main objectives were
eliciting excitement and interest in science. This study also found that podcasters do
not often use strategic communication planning to guide their communication tactics
(27). This highlights the need for both more science communication training for science
podcasters, based on research and theory in science communication literature, as well as
more research studies beyond Yuan and colleagues’ excellent work to analyze the goals
and perspectives of science communicators.

Students as science podcasters

While previous studies have mainly focused on science podcasters who are post-grad-
uation professionals, undergraduate students are an intriguing group to study as
science communicators. Students are more diverse than science faculty and can serve
as boundary spanners who connect with their own communities as well as scien-
tific communities (5, 28). Additionally, engaging in science communication increases
students’ identity and self-efficacy as scientists (29, 30). Students are also just learn-
ing and processing content, and communicating about this content with others via
podcasting can help them learn the content. Writing-to-learn has been shown to be
useful for student learning in science (31), and podcasting may similarly be a way for
students to solidify their knowledge of scientific concepts through a form of communica-
tion.

Thus, in this curriculum, we aimed to give students the opportunity to receive
training, practice, and reflection as science podcasters. Science podcasting has been
used as an assignment to teach science communication in some previous studies (32,
33). In particular, a study focusing on master’s students focused on their reflexivity
in science communication as podcasters (34), but such investigation has not been
conducted at the undergraduate level. We built on these and other studies in the
podcasting literature to design a curriculum in which we trained students in inclusive
science communication and strategic science communication, had students reflect on
their experience creating science podcasts, and then performed collaborative autoeth-
nography to analyze their individual and collective experiences.

Strategic science communication

As mentioned above, strategic science communication has been conceptualized using
the Theory of Planned Behavior, which highlights how behaviors are influenced by
people’s self-efficacy, attitudes, and subjective norms about the behavior (26, 35).
Importantly, science communicators should think both about their behavioral goals and
about the goals they may have for the audience. We have previously found that students
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often do not think about planning their intentions for science communication (36).
Thus, we trained our student podcasters in the importance of considering the strategy
for their science communication and why they were choosing the podcast storyline
they developed. This aligns with concepts of metacognition in learning theory, which
describes how students think about their knowledge and skills, as well as how they use
tactics to regulate what they know and can do (37). The ability of science communicators
to plan their strategies in science communication and make adjustments is critical for
effective communication.

Inclusive science communication

Inclusive science communication highlights the importance of diverse perspectives
in conversations about scientific issues and the importance of promoting equity in
science communication (38-40). The key tenets of inclusive science communication are
intentionality, reflexivity, and reciprocity (39). Intentionality refers to choosing communi-
cation goals that are inclusive and aimed to promote collaboration, equity, and multiple
voices being heard. Reflexivity refers to the communicator reflecting on their identi-
ties, goals, and potential biases in their communication. Reciprocity refers to mutual
collaboration in solving socioscientific issues (39, 41). These tenets are in contrast to
the deficit model of science communication, which focuses on unidirectional delivery
of simplified scientific information in order to fill a public deficit of knowledge about
science and includes the assumption that, when the public understands science, they
will support it (42-44). Podcasts can often be aimed to fill these public deficits in
knowledge about complex science. Instead, podcasts should be more inclusive, focusing
on the stories of diverse scientists and community members who all have important
contributions to scientific discoveries and solutions. Thus, we trained our student
podcasters in inclusive science communication in order to explore the use of podcasting
in inclusive science communication.

Collaborative autoethnography

Collaborative autoethnography (CAE) engages a group of researchers to pool their lived
experiences in a social phenomenon (45). As CAE promotes diverse perspectives and
reflexivity, it aligns well with inclusive science communication (46). The CAE process
involves collective and individual reflection on the key themes of experiences during
a research process. CAE is particularly transformative for people, such as women and
people of color, who have been traditionally excluded from conversations about science
(47). In this particular study, author N.CK. is a science faculty member who does
teaching and research in inclusive science communication and was responsible for
science communication training sessions and guiding the collection of information for
the CAE. Author P.G. is a science faculty member who creates science podcasts, analyzes
their impact on student learning, and was responsible for the podcast development and
production training facets of this work. Authors G.C.P, L.E., K.M., and L.W. are students
who were tasked with creating podcasts for their peers. These authors worked collabora-
tively to reflect on their experience as science podcasters.

Communication about socioscientific issues

Socioscientific issues are complex issues intersecting science and society, in which there
are multiple perspectives and ethical and moral considerations involved. Engaging with
socioscientific issues is critical for students to develop functional science literacy (48-51).
Storytelling is a useful method for communicating about socioscientific issues (52), and
as such, the storytelling approach in podcasting (53) engenders this science communica-
tion tool to be useful for engaging with socioscientific issues. Thus, student podcasters in
this study created podcasts related to socioscientific issues in which their classmate and
public audiences would be interested.
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Intended audience

This curriculum is designed for undergraduate science students. We worked with
upper-level microbiology and botany students, but other subjects or levels would be
appropriate.

Learning time

The students spent 1 h per week in group podcast production meetings and an
additional hour each week in individual meetings for a semester. Students also received a
1-hour training on science communication at the beginning of the process and engaged
in two 45-minute focus groups at the middle and end of the semester to reflect upon
their science communication experience. While we ran this curriculum as an extracurricu-
lar program, it could easily be run as a 1- or 2-credit course.

Prerequisite student knowledge

Students need to have taken coursework relevant to the topic of the podcast they are
creating. However, students do not need to be experts in every aspect of the specific
topic—students can learn throughout the podcast production process.

Learning objectives

We intended for students to be able to do the following by the completion of this
project:

1. Design a podcast narrative for an intended audience.

2. Utilize strategic and inclusive science communication principles in science podcast
creation.

3. Reflect upon your science podcast creation experience via collaborative autoeth-
nography.

PROCEDURE
Materials

We utilized an audio recording studio for podcast creation. Recordings were made using
a R@DE Pro Il mixing board with RODE podcasting microphones and studio-quality
headphones. Audio was recorded and edited using Audacity, a free audio software
package available for download. However, this curriculum could be run in a more
low-tech way, with students capturing audio recordings on their phones or computers
using software such as GarageBand, Teams, or Zoom.

Faculty instructions

Faculty need to work with students for the following components of the curriculum.

1. Student recruitment: Student podcasters were recruited from courses that covered
the focal topics for the episodes (see Material S1 for more information). Interested
students were interviewed and selected to participate in the project based on
their scientific background (what courses they had taken and what grades they
had achieved in those courses), their interest in science and science communica-
tion and podcasts, and their comfort presenting on a microphone in a podcast
studio. Podcast development was not an assignment for a course or similar
type of capstone experience but rather an extracurricular activity. The podcasts
were aimed to be produced on the BioTA podcast which is available on podcast
aggregators such as Spotify.
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2. Training in strategic and inclusive science communication: A 1-hour training
session on evidence-based strategic science communication, drawing on the
published literature (26) and the science engagement practice briefs published at
https://Iternet.edu/stories/scrree-practice-briefs/, as well as evidence of inclusive
science communication using publications (38-41), was provided early in the
curriculum. This training was very interactive, with discussions about possible
goals for science podcasts as well as ways that science podcasts could promote
inclusivity. This included instruction for students to keep reflective journals about
their motives and reasons for making different decisions about their podcasts,
which would help support both student reflexivity and enable the faculty and
students to study the impact of the project on students via CAE (see below
section). See Material S2 for more information on this training.

3. Podcast creation: Faculty and students worked together to choose podcast topics.
In our case, topics for seven podcast episodes were selected to be overlapping
scientific concepts across different fields of biology, such as botany and microbi-
ology. Thus, topics such as mutation and selection, which are key concepts for
biology students to learn according to Vision & Change (54), apply to both botany
and microbiology in terms of topics such as antibiotic selection and herbicide
resistance. The students then worked to develop episodes intended to be used
by students (i.e., peers) or the general population. Each podcaster had the option
to work individually or in pairs to develop an episode approximately 15-20 min
in length. In our case, their episodes were expected to address one of three core
topics: viruses and vaccines, antibiotics and antibiotic resistance, or the evolu-
tion of herbicide resistance. All episodes were designed to be both informative
and accessible to undergraduate students and members of the general public.
Student podcasters could choose a podcast genre of their liking, as long as
the episode followed a clear narrative structure through either storytelling or
interview and used only essential terminology, with clear definitions provided.
Weekly production meetings were held as collaborative planning sessions, where
student podcasters discussed different aspects of educational podcasting. The
initial meetings served as immersive workshops focused on the primary literature
around educational podcasting and podcast genre structure. These meetings
also included hands-on activities to build technical skills for podcast recording
and production. To further develop these skills through application, students
began by co-creating a collaborative podcast episode. This initial group podcast
allowed them to engage in the full process of episode production: scripting,
editing, scheduling studio time, sound engineering, audio editing, addition of
sound effects, and releasing the final product. After this foundational experience,
students met weekly to plan their individual episodes. These sessions focused on
refining episode topics and scope, identifying key content, developing scripts, and
shaping audio design. This allowed podcasters to retain creative identity in their
podcast while working within the structure and tone of the larger podcast series.
Individual activities and progress were then shared during weekly production
meetings. Students presented work in progress, received group feedback, and
collaboratively worked to address challenges. These open discussions provided an
essential space for reflection and exchanging ideas. They were also an opportunity
for everyone to participate in peer-driven iterative improvement of their episodes.
See Material S3 for more information on podcast creation.

Student instructions

Students were instructed to choose a podcast topic that matched core concepts in Vision
& Change and fit their curriculum/discipline. Students were also instructed to develop
the podcast using principles of strategic and inclusive science communication. Finally,
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students were instructed to keep reflective journals about their choices, motivations,
feelings, and experiences during this science podcast creation process.

Suggestions for determining student learning

We determined student learning about the science communication process via the CAE
process. During our CAE process, we began with a conversation and training about
inclusive and strategic science communication. Students then worked on their individual
podcast episodes over the course of a semester. Halfway through the semester and at
the end of the semester, focus group sessions were held with the student podcasters for
them to reflect on how they were considering inclusivity and strategy in their science
podcasts, as well as to reflect on how being a science podcaster and science communica-
tor impacted their science identity. Focus group questions included:
Mid-project focus group:

1.
2.

What reflections do you have about your science communication goals?
What reflections do you have about inclusive science communication?
End-project focus group:

. What changed from your plans originally to the final podcast and why?

What changed during this process in your identity as a scientist or science
communicator?
Do you feel like your sense of self-efficacy changed during this project?

4. Have any of your career plans changed based on this project?

Students were also encouraged to keep reflective journaling notes about their science
podcasting process, and these notes were also utilized in thematic analysis. Students
were given weekly thought prompts such as “consider how you are addressing this topic”

FIG 1 Podcast production process.

Students did
iterative
development of
their podcasts,
with weekly
production
meetings.

Students
trained by PG
in podcasting
(genre and
structure) as
well as
technological
logistics.
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autoethnography.

Student
podcasters
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or “think about why you want to include this in the storyline of your podcast” and “what
is giving you the biggest challenge right now?”

At the end of the curriculum, N.CKK. and the student podcasters then analyzed the
themes of these focus groups to analyze how being a science podcaster influenced
students’ science identity, science communication self-efficacy and other factors using
inductive reflexive thematic analysis (55) to generate an initial table of themes from
student reflections and focus group discussions. The other authors then reviewed this
table and provided feedback on the table of themes, leading to the final table of themes
in the results section. Our overall podcast creation process is illustrated in Fig. 1.

Sample data

All podcasts produced in this study can be accessed via podcast aggre-
gators such as Spotify at https://open.spotify.com/show/3wqllhtIVS4EZN92jtygr)?
si=2405c73e39ee4féd.

Safety issues

There are no physical safety issues involved. Our student podcasters were trained
as researchers doing CAE and are co-authors of this paper; as such, the Colorado
State University Institutional Review Board indicated that this study is “not human
subjects research” However, if students will create podcasts and complete surveys
or other evaluative metrics for researchers to determine the impact of the podcast
creation process on these students, and the students will be research participants and
not researchers on the project, then IRB approval and consent processes should be
instituted.

DISCUSSION
Field testing

Author PG. has guided nine individual students in podcast creation over six semesters.
He has also used a compressed form of this curriculum in two courses with a total of 37
students. We completed the collaborative autoethnography process with four of those
student podcasters who are coauthors on this paper (G.C.P, LEE., KM., and L.E.). We are
currently repeating this curriculum every semester, with students completing podcasts
and reflecting on their science communication process via collaborative autoethnogra-
phy.

Ultimately, the students in this semester created seven podcasts, aligning with
curricular concepts from Vision & Change and applied across biology fields, such
as botany and microbiology. The podcast episodes on BioTA and the main episode
contributors are:

« “Jurassic Park Genetics” Episode #041 (P.G., L.E., KM., G.C.P, LW.)

+ “Genotypes and Phenotypes in the Biology Zone” Episode #042 (P.G., L.E., KM,
G.C.P, LW)

« “DIY Evolution — Darwin and Artificial Selection” Episode #043 (P.G., L.E, KM,
G.C.P,LW)

- “Vampire Bats, Rabies, and You” Episode #044 (L.E.)

« “Antibiotics: The Solution We Found” Episode #405 (G.C.P, L.W.)

- “Antibiotic Resistance: Monsters We Created” Episode #046 (G.C.P, L.W.)
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- “Dandelions and Dogs” Episode #48 (K.M.)

Evidence of student learning

Our collaborative autoethnography process involving individual and collective reflection
led to the generation of three key themes: students’ strategic science communication
considerations, students’ inclusive science communication considerations, and students’
personal reflexivity as science communicators (see Table 1). Below, we further expound
on each of the themes.

Strategic science communication and inclusive science communication
considerations

Students considered strategic science communication, including both the goals of the
communication for themselves and for diverse potential audiences, as well as the tactics
they used to achieve these goals (26). In particular, student podcasters were trying to
provide both an educational tool for their peers and a science communication tool for
a public audience, and they had to balance the goals of these audiences in creative and
scientifically accurate ways. For example, P.G. noted:

“I saw them trying to balance creativity and scientific accuracy. Sometimes
you come up with a great way to tell a story, but the content is more
difficult to convey. Trying to strike the balance between informative and
entertaining is something the students worked on.”

This finding aligns with previous reports on the various goals that science communi-
cation could aim to achieve and the tactics that science communicators could use (56,
57), as well as various indicators of quality in science communication (58). This theme
provides evidence of student learning of objective 1 (creating a podcast narrative for an
intended audience).

One student podcaster reflected on how strategic science communication considera-
tions and setting goals aligned with their desires to make the content accessible and
inclusive:

“At the beginning, we got so much information about how to communi-
cate, who you're communicating with, why you're communicating. | really
focused on why I'm communicating and what | want listeners to under-
stand. So we had to make changes on words to make sure listeners would
understand. We even added a second episode. It's hard to incorporate all
content while keeping style and flow. It’s easier to write for other scientists,
like publishing in a journal. Podcasts are accessible to everyone. It was hard
to not make it too simple - it still needed to be interesting — but also make it
accessible to everyone!”

In general, the literature on strategic science communication and the literature
on inclusive science communication have been separate—such reflections from the
students highlight the need for more theoretical work and research on synergy between
strategy and inclusivity in science communication.

In terms of accessibility and inclusivity, one student noted that common tactics
of “busting vaccine myths” or talking about “misinformation” could be triggering or
alienating to some audiences, which aligns with literature on the backfire effect when
attempting to “debunk” misinformation (59). This finding also highlights the power
of new voices and perspectives in science communication, with students noticing the
issue with current tactics in science communication and advocating for more inclusive
approaches to dealing with societal science communication challenges (60).

Overall, these themes and quotes provide evidence of student learning of objective 2
(using principles of strategic and inclusive science communication in podcast creation).
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TABLE 1 Themes from inductive thematic analysis of student podcaster experiences

Journal of Microbiology and Biology Education

Themes

Sub-themes

Examples

Strategic science communication
considerations

Inclusive science communication
considerations

Personal reflexivity as a science
communicator

What content is included

Tactics (narratives, metaphors, language, etc) and
matching tactics to goals of communication

Challenge of trying to achieve multiple goals and reach
multiple audiences

Balancing science content and creativity considerations

Utilizing effective pedagogy principles guiding science
communication
Accessibility of language and content

Connotations of language

Who is interviewed

Inclusive pedagogy principles guiding inclusive science
communication

Balancing being a science learner and teacher of the
complex content

Boundary spanning

Humility, flexibility, and letting go of ideas

Identity as a scientist and a science communicator is
complex
Sense of accomplishment

Identifying essential content versus unneeded content

Aligning content with podcast genre structure

Keeping examples and metaphors relevant

Developing script that has content appropriate for
different class levels and students (e.g., majors vs
non-majors) as well as public audiences

Having personal growth as a creative person as well as
educator in science content

Adjusting the podcast storyboard to not be only
creative/entertaining but also educational

Utilizing backwards design - final goals to influence
decisions

Limiting jargon

Intentionally defining terms

Avoiding potentially derogatory or alienating terms like
“myth” or “misinformation”

Interviewing students doing research or other
less-commonly-elevated voices in addition to
established experts

Avoiding “lecture” style in the podcast

Struggling to teach and frame something that students
were just learning themselves

Being a science communicator helped the students
learn the science itself

Solidifying knowledge of the science topic by
communicating about it via the podcast

Developing podcasts that could be used in different
educational contexts (i.e., majors non-majors, etc.)

Enjoying weekly production meetings with open safe
discussions and sharing of ideas, and feedback

Being open to changes in storyboard

Experiencing the challenges of working collaboratively
and synergizing ideas with others

Growing in confidence but still struggling to identify as
a science communicator

Being able to have a podcast the student created be
publicly shared on Spotify

Personal reflexivity as science communicators

Students had to balance many seemingly competing demands during the process,
including balancing creativity and scientific content, balancing the needs of different
podcast audiences, and balancing working in a team across disciplines. Regarding
teamwork, one student podcaster noted in reflective journaling the feeling of “care-
fully painting a portrait, layer by layer, only to have someone gently brush over its
mid-process to begin a new one!” However, this same student noted that working in a
collaborative environment with other student podcasters and receiving feedback helped
clarify and improve her own ideas, and feedback was most useful “when it extended
or clarified [my] existing thoughts.” This student appreciated collaboration but also felt
the challenges of final decisions landing with certain individuals in the process. The
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collaboration helped the student grow and learn to work across disciplinary boundaries
but also created some challenges.

This multifaceted experience with collaboration was also seen with students’
multifaceted experience with feeling accomplishment during the process. Some
students felt positive senses of accomplishment from their work, for instance, a student
who said, “Throughout the process, | feel a lot more competent as a storyteller and a
scientist” and also:

“| feel more like a scientist-creative, or a creative scientist. Coming into this,
| was looking at this as an assignment, and I'm a student, and | have to do
my homework. But towards the end, and now that we've recorded, it feels
more like a product, not quite like a research paper, but something | have
more ownership over. The identity of ‘science communicator’ is something
I'm ending up with.”

However, other students commented that “I'm not really a science communicator” or
reflected on the shortcomings of their work. But a student commented in their reflective
journaling, “It’s easier to write about what'’s going wrong, but overall this experience has
been positive.”

Thus, students felt a variety of emotions and senses of self-efficacy throughout the
process. This provides evidence of student learning of objective 3 (reflecting upon the
science podcast creation experience). Further coaching and encouragement of students
to grow in their identity as science communicators is merited in the fields of science
communication teaching and science podcast creation.

Overall, the four student podcasters created science podcasts on socioscientific
issues and reflected via collaborative autoethnography on their experience as science
communicators. Students utilized considerations about strategic science communication
and setting goals for themselves and their audience (25), inclusive science communica-
tion (40), and personal reflexivity (61) to guide their work.

Interestingly, the student podcasters utilized science education principles, such as
backward design and avoiding pure lecture, to guide their strategic and inclusive science
communication. Such integration of science education and science communication
theory and praxis is necessary for the growth of both fields and better addressing
complex socioscientific issues, as has been argued from both a science philosophy
perspective (62) and a science education perspective (63, 64).

Possible modifications

Instructors may utilize the science podcast creation process without the collaborative
autoethnography process, or instructors may utilize the collaborative autoethnography
process for students to practice reflexivity about their science communication in formats
other than science podcasts (such as conversations with friends and family, creation
of infographics or other deliverables, and science outreach to K-12 students). While
many science communication trainings for STEM students and scientists may be purely
skills-based, it is also important to provide training in the theory underlying effective
science communication skills (65, 66). This curriculum provides a case study of how
science communication theory—such as strategic science communication and inclusive
science communication—can be applied to STEM students learning a science communi-
cation skill, like podcasting, in a way that is guided by theory and evidence.

Additionally, science communication training should emphasize the importance of
reflexivity (61, 67). This will enable students to metacognitively reflect upon their
motives, identities, skills, knowledge, and goals in science communication. This will
promote not only more effective and more equitable science communication (38, 39, 41)
but also help prepare students for a diversity of careers in science. While much training
for students in science communication centers on disciplinary scientific communication
skills, such as writing lab reports for fellow scientists (7), this does not equip the majority
of our undergraduates who will enter careers outside of academic research. Helping
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students reflect on their communication with peers and public audiences and develop
skills to do this communication in an audience-centered and inclusive way will prepare
students to engage in their future careers and communities with more efficacy. In this
study, we utilized collaborative autoethnography as a way for student podcasters to
critically reflect upon their podcast creation experience (45, 47). However, other methods
of practicing reflexivity, such as self-reflection questions on the goals of a science
communication experience (38), can be applied in diverse learning contexts beyond
collaborative autoethnography or podcasting. Thus, our findings show the importance of
reflexivity in science communication, and this process can be broadly applied.
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