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AbstrAct

Scientific practices are still largely absent from undergraduate curri-
cula. Incorporating primary scientific literature (PSL) and podcasting 
into course curricula is an engaging way to provide instruction in scien-
tific practices to undergraduate students. We present an innovative class 
project for biology undergraduates where students read a piece of PSL, 
develop annotations to learn more about the research contained within 
the PSL, and develop and produce a podcast episode to share the research 
findings with a general audience. To understand student perceptions of 
the project, we conducted surveys to obtain qualitative responses along 
with measures of science identity and project ownership. We found that 
the students felt like the project belonged to them and that their work on 
the project would ultimately benefit the scientific community. Here, we 
include a project handbook, schedule, and materials that can be used by 
any instructor to carry out this project.
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 c Introduction
Holistic science education now includes 
teaching science practices such as data 
interpretation, problem solving, and exper-
imental design (Coil et al., 2010; American 
Association for the Advancement of Sci-
ence, 2011). The knowledge, skills, and 
competencies that make up such a holistic 
education (i.e., science practices), are fun-
damental for practicing scientists; however, 
most college science departments lack for-
malized methods for teaching or evaluating 
authentic scientific practices (Kozeracki 
et  al., 2006; Momsen et al., 2010; Sato 
et al., 2014).

One pedagogical technique for engaging students in scientific 
practices, or what it means to do research, is through integrating 

primary scientific literature (PSL) into course content. PSL offers a 
unique opportunity to integrate authentic cutting-edge science into 
every classroom as it requires no hands-on lab component and no 
additional equipment. PSL can also be easily integrated into online 
learning platforms and used in a digital setting. In addition, PSL 
applies to all scientific disciplines.

A growing body of literature shows that PSL is a valuable and 
useful tool for teaching scientific practices. For example, closely 
analyzing PSL in a classroom setting engages students in discus-
sion and debate around interpretations of experimental data while 
building their insight into both the nature of science and research-
ers themselves (Hoskins et al., 2007). PSL can also illustrate to 
 students that, even after a study is completed and published, there 
are still many unanswered questions for future scientists. There-
fore, reading PSL promotes the development of creativity through 
experimental design assignments (Gottesman & Hoskins, 2013). 
Published examples of PSL-based research highlight the diversity, 
scalability, and flexibility of PSL as a pedagogical tool. Programs 

include journal clubs, data and figure explora-
tion, tutorials on how to read PSL, annotated 
literature, and full courses being taught only 
with PSL (Hoskins et al., 2007; Round & 
Campbell, 2013; Sato et al., 2014; Sandefur 
& Gordy, 2016; Kararo & McCartney, 2019). 
Teaching with PSL promotes critical thinking, 
experimental design ability, and epistemologi-
cal maturation as well as improves undergrad-
uate students’ positive attitudes about science 
and scientists (Hoskins et al., 2011; Gottes-
man & Hoskins, 2013; Murray, 2014; Stevens 
& Hoskins, 2014; Kenyon et al., 2016).

A second, more modern, pedagogical 
technique for engaging students in scientific 
practices, specifically the practice of commu-
nication, is scripting and producing a podcast. 
Scientists’ ability to communicate effectively 
is vital to their contribution to society and to 

society’s reception of science. Communication skills are recognized 
as critical regardless of scientific discipline, similar to the ability to 
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read PSL, and should be integrated into science curricula. Student-
generated podcasts provide opportunities for students to engage in 
several scientific practices, including effectively working in groups, 
researching the scientific content discussed in the podcast, and suc-
cessfully communicating the scientific content. Creative podcasting 
develops collaborative knowledge-building, critical thinking, and 
reflective thinking skills (Lee et al., 2008; Lazzari, 2009; Pegrum 
et al., 2015).

Here, we describe an innovative class project that engages stu-
dents in the scientific practices of reading PSL and communication. 
Undergraduate biology majors working in small groups read a piece 
of PSL that instructors assigned to them. Over the course of five 
weeks, students annotated their PSL (i.e., they defined glossary 
terms, researched methods used by the authors, and broke down 
data figures). Annotating PSL has previously been shown to pro-
vide students with a deep understanding of the scientific content 
contained within the PSL and to increase communication skills 
(McCartney et al., 2018; Ritchie & McCartney, 2019).

Next, students developed a podcast on the PSL that they anno-
tated. The students drafted a script for the podcast according to the 
instructor’s feedback. Students then practiced narrating the script 
and recorded the podcast episodes. Each of the episodes was edited 
by author Ravindra Palavalli-Nettimi (RPN), who served as the mul-
timedia editor at The Journal of Animal Ecology, and the podcast 
series was posted on the British Ecological Society’s SoundCloud 
account where they are available to the scientific community and 
the general public.

To measure student engagement in this study, we adapted a 
project ownership survey. Project ownership can predict the degree 
to which students engage in conversations about their research with 
others (Hanauer & Hatfull, 2015). As students in this study were 
developing and producing their podcast (a type of project) as a way 
to communicate the results of scientific research, we felt that an 
adapted project ownership framework was suitable for our needs.

When students feel that a project belongs to them and that the 
project outcome reflects their authentic contributions, they are said 
to have project ownership (Hanauer & Hatfull, 2015). Project own-
ership in undergraduate STEM education has been studied mainly 
in relation to undergraduate research experiences and has been 
shown to include aspects of engagement, agency, personal con-
nection, the recognition of community and disciplinary value, and 
positive emotive responses (Hatfull, 2010; Hanauer et al., 2012, 
2016; Hanauer & Dolan, 2014; Hanauer & Hatfull, 2015). While 
students in this study did not directly engage in a research oppor-
tunity, the annotation and podcast experience has several parallels 
to the five categories of project ownership, including agency com-
bined with mentorship (a student actively seeking advice), expres-
sions of excitement toward scientific inquiry (positive emotional 
interaction relating to involvement in science), and expressions 
of a sense of personal scientific achievement (a positive emotional 
expression upon achieving a specific goal) (Hanauer et al., 2012; 
Hanauer & Dolan, 2014). We hypothesized that students complet-
ing the annotation and podcast project would impact their sense of 
project ownership.

Because students were creating a podcast that would be shared 
with practicing scientists (i.e., the students were directly partici-
pating in scientific discourse), we also measured science identity. 
Science identity is a construct of identity specific to science knowl-
edge and, to date, there is no consensus on the definition of science 
identity (Chen & Wei, 2020). However, two characteristics of sci-
ence identity are commonly emphasized: recognition of oneself as a 

“science person” and the recognition of being a “science person” in 
a social context, especially by influential persons including profes-
sors, teachers, advisors, and peers (Brickhouse et al., 2000;  Carlone 
& Johnson, 2007; Hazari et al., 2021). We measured students’ 
 science identity using items from Estrada and colleagues (2011). 
We hypothesized that participating in the annotation and podcast 
project would impact student science identity.

Finally, we collected qualitative data from students on their 
perception of the project. As a phenomenological study, we did 
not specifically seek to test existing theories about student learn-
ing; rather, we aimed to characterize the unique ways in which 
students experience the same phenomenon as a way to compile a 
comprehensive description of students’ “lived experiences” (Starks 
& Brown Trinidad, 2007; Van Manen, 2016).

 c Activity Overview & Materials
Intended Audience
This activity is designed for undergraduate biology students who 
have completed the introductory biology sequence.

Learning Time
This paper describes a semester-long activity that could easily 
be implemented into any preexisting biology (or STEM) course 
(Appendix 1).

Prerequisite Student Knowledge
Students should have completed introductory biology courses and 
should be familiar with PSL. Being able to read and deconstruct 
PSL is a central tenant of this activity and we do not suggest imple-
menting this activity with novice PSL readers. Activities for help-
ing undergraduate students become familiar with reading PSL can 
be completed before implementing this activity and include the 
C.R.E.A.T.E. method (Consider, Read, Elucidate hypotheses, Ana-
lyze and interpret data, Think of the next Experiment) (Hoskins et 
al., 2007; www.teachcreate.org) and exploration of annotated PSL 
(Kararo & McCartney, 2019).

Learning Objectives
Engage students in the scientific practices of reading PSL and com-
municating scientific results. Specifically, students will interpret a 
piece of PSL to articulate its main points (PSL annotations), and 
they will communicate scientific findings contained within PSL 
(scripting and producing a podcast).

Selection of Primary Scientific Literature
There is no easy method for selecting appropriate PSL for a given 
population of students. Finding appropriate PSL takes time and 
effort and, based on course content and student knowledge lev-
els, may need to be adapted each time this activity is implemented. 
When choosing PSL for this activity, we asked our undergraduate 
research assistants, who are closer to our student population with 
regard to content knowledge and vocabulary level, to read the PSL 
and give us their feedback, which was a successful “first screen” 
for us. For a separate study, we have listed 14 pieces of PSL that 
we used with introductory biology students and have provided a 
brief reason why we used each piece, which may be helpful for 
instructors looking for PSL (Chatzikyriakidou et al., 2021). Finally, 
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the Science in the Classroom website (www.scienceintheclassroom.
org), a collection of annotated PSL that has been carefully selected 
to be accessible to an introductory-level undergraduate and to be 
cutting-edge science, is an easily searchable database and may be 
helpful to instructors as they decide which PSL to select for their 
class.

PSL was selected by the course instructors and was intended 
to match the content of the course (evolution or genetics) with the 
content of the research found in the PSL. All papers were selected 
from the Journal of Animal Ecology (published by the British Eco-
logical Society) for the podcasts to be posted on the journal’s web-
site and shared with the journal’s audience. For future adaptations, 
PSL can be selected from any peer-reviewed journal; the important 
factor is that the PSL connects to course content.

Annotation Process
Annotated primary scientific literature is designed to help readers 
interpret complex science by overlaying additional information on 
a scientific research article (Kararo & McCartney, 2019). Science 
in the Classroom (www.scienceintheclassroom.org) is the model 
for the annotation process used in this study (Appendix 5). Stu-
dents were asked to work together in groups (of three to four stu-
dents) and annotate their paper using the online platform Xodo 
(www.xodo.com). Specifically, students were asked to identify and 
annotate the overall hypothesis, a total of 24 vocabulary words, a 
total of four real-world connections, and to annotate at least four 
of the figures presented. The annotation process served two pur-
poses: to engage the students in a comprehensive understanding 
of the research and to provide an annotated version of the research 
paper that will be available to future students. At our institution, we 
archive the annotated PDFs developed using Xodo and make them 
available to future students in biology courses as a way of insert-
ing more PSL across our curriculum. Students were made aware of 
this resource, and the newly annotated papers from this study were 
added to our collection.

Podcast Scripting
Podcast scripting instructions were provided in the course manual, 
along with an example script and links to a few popular science 
podcasts (Appendix 2 and Appendix 5). The example script was 
color-coded to highlight how each line contributes to telling a story 
about the annotated paper. Students were told to put “why” before 
“how” and to start the script with a “hook.” The hook is typically 
the paper’s real-world connection (which the students discovered 
through the annotation process) or information that can generate 
interest in the listener; the goal was to make the audience interested 
in learning more. The students were instructed to exclude technical 
details of methods and to write a concise script without jargon (as 
if they were explaining it to their parents or siblings). Each script 
had to conclude with a punch line or a memorable summary sen-
tence. The students were free to choose their podcast style (e.g., 
“narration,” where the script is narrated, or “conversational,” which 
involves a conversation between the podcast hosts). Students were 
encouraged to incorporate sounds, such as the roaring of a panther 
or a buzzing bee, if they felt that it would increase the value of their 
story. It is important to note that we are asking students to create a 
“short” podcast that is 3–5 minutes long in the narrative style.

To craft the first draft of the podcast script, students had to 
follow written instructions and use examples in their handbook 
(Appendix 2 and 5). For the second draft, in a short oral presen-
tation to the whole class (Appendix 3), RPN (one of this article’s 

authors) identified common mistakes of the student scripts and 
explained how students could improve their stories. Students (in 
their groups) and RPN then went through at least two iterations of 
script editing outside of class. RPN edited and provided comments 
on the scripts and shared them with each student group, who were 
then encouraged to follow RPN’s suggestions and consult him over 
email for further feedback. Then, each student team and RPN prac-
ticed reading the final script aloud (“table read,” as they call it in the 
movie industry) and recorded it in a quiet classroom using the free 
built-in audio recording app of an iPhone. RPN edited the record-
ings on GarageBand, free software on a Macintosh computer.

Podcast Posting
The podcast series was named Audio Abstracts. As RPN was 
a multimedia editor for www.animalecologyinfocus.com—a 
blog run by the British Ecological Society’s Journal of Animal 
Ecology—the series was posted on the SoundCloud account  
(https://soundcloud.com/besjournals/sets/audio-abstracts) of the 
British Ecological Society journal, which is freely available to the 
general public. The podcasts can also be accessed on our website  
(https://melissamccartneyphd.com/about-the-lab/student-podcasts).

Faculty Instructions
Faculty should first select a list of PSL that connects to course con-
tent and is at the appropriate level for students to read. Previously, 
we had let students select their own PSL, and issues always arose 
such as students not choosing PSL (e.g., a review paper or a news 
article), choosing a piece of PSL that did not match course content, 
or choosing a piece of PSL that was far too complicated for their 
knowledge level. Therefore, we suggest selecting more PSL than you 
will need and allowing students to choose from a curated list.

Next, faculty should create a schedule of assignments and due 
dates; a sample schedule is shown in Appendix 1. We suggest pro-
viding ample time for editing podcast scripts, as this was the seg-
ment that consumed the most time, since none of the students had 
any experience in scripting podcasts and therefore required major 
editing by the teachers, and engaged the students the most, in our 
experience. An outline for developing a script and an example script 
are shown in Appendix 2.

Teachers in our study had small class sizes (18–25 students), and 
we are hesitant to recommend this activity to larger classes. Teachers 
invested time in checking tasks for completion, reviewing annota-
tions, and reviewing podcast drafts. This worked for our instructors, 
as these activities satisfied part of the writing requirements of our 
college, and the students were happy to receive feedback throughout 
the project. To implement this activity in a larger class, we strongly 
recommend collaborating with one (or more) learning assistant / 
undergraduate assistant during the review process.

Faculty with no prior podcasting experience can learn tips from 
YouTube tutorials on sound editing in open-source free software such 
as Audacity and GarageBand, which can be shared with students. The 
students need to learn only the most basic steps in editing (such as 
cutting, adding sound effects, transitioning between sound clips, and 
exporting a final mp3 file). For this purpose, any short tutorial on 
YouTube is sufficient (Buzzsprout, 2019). Once there is a template for 
an episode, it can be used to edit new episodes. For faculty without 
access to a journal editor and/or posting privileges on a journal web-
site, edited podcasts can be posted on any podcast hosting website, 
such as Soundcloud or Buzzsprout, both of which offer free versions. 
Alternatively, the faculty can interact with their university press office 
to upload the podcasts on their websites and social media.
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Suggestions for Determining Student Learning
Teachers in our study graded individual tasks within the project 
(Appendix 1), assigning points to each weekly task. In our experi-
ence, students appreciated having the project and corresponding 
grades subdivided into tasks (and associated deadlines).

 c Data Collection
Project Ownership Survey
To measure whether students perceived the project as belonging 
to them and whether the project outcome reflected their authen-
tic contributions, we adapted eight items from the “project owner-
ship” factor of the project ownership survey (POS) and used these 
items for a postcourse questionnaire only (Hanauer & Dolan, 2014; 
see Appendix 4). As the original POS was developed for research 
experiences, we selected items that we were able to translate into 
a nonresearch setting. We do not measure project ownership over 
the course of the project and have no control group to compare to, 
allowing us to use these items directly without the need for further 
validation with our sample population. Because we knew we would 
be unable to validate these items with our small population, we 
only selected positive coded items as a way to keep the assessment 
simple for students. Similarly, we asked students only about their 
impressions of scripting the podcast, and not recording the podcast, 
as we felt this best aligned with our learning objective of engag-
ing students in the scientific practices of communicating scientific 
results.

Science Identity
To measure whether annotating a research paper and developing 
and producing a podcast based on that research paper to share with 
the scientific community resulted in students feeling more like a 
scientist, we measured students’ science identity using items from 
Estrada and colleagues (2011), administered both as pre- and post-
course questionnaires (Appendix 4). Using student ID numbers, we 
matched all student data using the VLOOKUP function in Excel, 
ensuring that only data from students participating in both the 
pre- and postcourse questionnaires were analyzed, which is why 
our n values are lower than the total number of students participat-
ing. Our data set did not have a normal distribution, and therefore 
we utilized the nonparametric Mann-Whitney U-test to determine 
if there were significant changes in students pre- and postcourse 
 science identity scores.

Qualitative Data
We asked short-answer, qualitative questions as part of the post-
course questionnaire. We designed questions specifically to gain a 
deeper insight into student perspectives on the project itself, as well 
as their feelings of project ownership and science identity.

• Was the annotation portion of this project helpful?

• Was the podcast portion of this project helpful?

• How do you feel about your annotations being available for 
future students to learn from?

• How do you feel about your podcast being available for 
other scientists to listen to?

• What was your favorite part about this project?

• What part of this project surprised you the most?

Questionnaire Distribution
All questionnaire data were collected using Qualtrics (online sur-
vey software). Online links to the questionnaire were provided 
to students using Canvas classroom management software. At the 
beginning of the semester, the questionnaire was administered to all 
participating students as a voluntary precourse assignment. Students 
who completed the questionnaire were given extra credit points, 
regardless of whether they agreed for their data to be included in the 
study. The students then participated in the annotation and pod-
cast activity. At the end of the semester, all students were given a 
postcourse questionnaire and were again provided with extra credit 
upon completion.

Participating Students
Students from two courses participated in this study. First was Evo-
lution (n = 25), an upper level (junior/senior) requirement for a 
degree in biology. The main conceptual areas are an overview of 
evolutionary processes and their contribution to biological change 
over time and space; the study of these processes, with an emphasis 
on adaptation; and the origin and evolution of life, through the use 
of the fossil record, phylogenies, and evolutionary models. Second 
was the QBIC Genetics Journal Club (n = 18), a sophomore-level 
requirement for students in the Quantifying Biology in the Class-
room program (Weeks & Koptur, 2013). The Genetics Journal Club 
involves student-led discussion of primary scientific literature in the 
field of genetics. Each week, students read and discuss as a group 
one genetics-related journal article, with a different student serving 
as the “discussion leader” each week.

Student projects spanned 14 weeks and included several group 
assignments and deadlines (Appendix 1). Students annotated their 
papers as a way to prepare for the scripting of the corresponding 
podcast, described in the project handbook (Appendix 5).

 c Evidence of Student Engagement
Project Ownership
Results from the POS indicate that, overall, students perceived 
the project as belonging to them and that the project outcome 
reflected their authentic contributions (Figure 1). There are some 
slight differences between scores for the annotation portion and 
podcast portion, most noticeable in challenges that students were 
able to overcome (the annotation portion seemed to lead to more 
 challenges). Despite reporting more challenges with the annotation 
portion, students reported seeking more advice and assistance with 
the podcast portion.

Science Identity
We saw no change in students’ overall self-reported science iden-
tity (Figure 2A), despite the prompt of “[activity] is important to 
the scientific community” receiving the highest scores on the POS 
( Figure 1). While disappointing, these results are perhaps not sur-
prising, because it was unlikely that a single activity was enough 
to shift a student’s identity, as science identity unfolds over time 
(Kim & Sinatra, 2018).

We also asked three stand-alone questions to gain more under-
standing of students’ perceptions of how the project made them feel 
as scientists (Figure 2B), all of which suggests that the students did 
feel like scientists and felt they were contributing to the scientific 
community through this project.
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Looking closer at science identity (Figure 3), when we look 
at student responses to each individual item on the science iden-
tity questionnaire (Appendix 4), we do see a slight, nonsignificant 
increase in the items “I have a strong sense of belonging to the 
community of scientists” and “I have come to think of myself as 
a scientist.” These two items relate to the two main characteristics 
of science identity: the recognition of being a “science person” in 
a social context and recognition of oneself as a “science person” 
(Brickhouse et al., 2000; Carlone & Johnson, 2007; Hazari et al., 
2021).

Qualitative Data
Because our sample size is small (the qualitative data questions 
were optional), we were unable to do a thematic analysis of our 

qualitative data. In general we had approximately 22 student replies 
for each qualitative question, however these included students who 
answered with “sure,” “yes,” and “no comment.” After separat-
ing these types of answers out of the data set, we believe the nine 
responses shown for each question are representative of our overall 
sample. The feedback we received on these questions was overall 
positive and suggested that students enjoyed the project. We see 
no differences in student perceptions of the annotation portion ver-
sus the podcast portion (i.e., students preferring one portion over 
the other). Instead, we see students describing synergy between the 
two portions, as students often cite the annotation portion in help-
ing them develop the podcast script and the podcast serving as a 
way for them to communicate the science that they learned through 
annotating PSL (Table 1).
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Figure 1. Project ownership. Student project ownership data for both annotating primary scientific literature (PSL) and 
developing and producing a podcast. Project Ownership Survey (POS) items were measured using a six-point Likert-type 
scale. The data labels show the number of students (n = 33) that selected each category in the Likert scale.
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measured using a six-point Likert-type scale (n = 24). All data were paired so only students who completed both the pre- and 
postactivity surveys are included in these data. (B) Stand-alone questions used to further investigate students’ perception of 
the project on their feeling like a scientist. The data labels show the number of students (n = 33, postanswer only; data were 
not paired) that selected each category in the Likert scale. 
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Figure 3. A closer look at science identity. Science identity scores for both pre- and postcourse activities are shown item by 
item. Science identity items were measured using a six-point Likert-type scale (n = 24). All data were paired so only students 
who completed both the pre- and postactivity surveys are included in these data. 
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We see qualitative data for student perceptions of their work being 
shared with the larger scientific community (Table 2), providing a 
more comprehensive understanding of the data in Figure 2B. Students 
are truly excited to share their work with others in a beneficial way.

Finally, we asked students what they liked about the project 
(Table 3). Recording the podcast received the most mentions, both 
as the most challenging and as the most fun. We see some mentions 
of creativity, which is always rewarding to see in connection to a 
science project.

Dissemination of the Podcast
The podcast series has been listened to over 3897 times (with each 
podcast episode played at least 227 times) on the SoundCloud plat-
form (accessed on June 27, 2022). The number is likely higher as 
the podcasts could be listened to on various other platforms. Most 
of the listeners on SoundCloud were from the US and the UK. We 
are thrilled that so many members of the scientific community were 
able to benefit from our students’ podcasts!

Table 1. A sample of student responses to the questions “Was the annotation portion of this project helpful? Why or why 
not?” (selected from 22 responses) and “Was the podcast portion of this project helpful? Why or why not?” (selected from 23 
responses).

Was the annotation portion of this project helpful? Why 
or why not?

Was the podcast portion of this project helpful?  
Why or why not?

It was because you had to make sure you understood the 
concepts to be able to write notes and it helped in writing 
the script.

Yes, I thought that the podcast was the most interesting 
and helpful part because it helped to better understand and 
communicate my understanding of the paper. 

Extremely helpful. By dissecting the scientific paper it 
became easier to understand. 

It’s helped to figure out how to speak to scientists and 
articulate yourself well. 

Very helpful in allowing me to fully comprehend what the 
paper was about and why the study was conducted in the 
first place. It facilitated my learning process.

Yes, it was interesting giving our own voices on the topic and 
allowing scientists to listen to what we have to say.

Yes, it had us investigate and familiarize ourselves with the 
topic of our paper.

Yes because this is the part that makes it simple for other 
people to understand and enjoy.

It was helpful in the sense that it made me annotate words 
and figures that otherwise I would have looked over and not 
paid attention to if I had not been asked to annotate them.

It added everything together in a way that made us think of 
writing it short and concisely so I think it was helpful. 

Yes because it allowed for easy creation of the podcast 
transcript.

It was helpful in understanding the article in a smaller 
amount of words. 

It helped break the paper down into manageable parts so 
yes it was helpful. 

The podcast was fun to record and really brought the 
annotation to life, so I did like it a lot despite how many 
times I’ve verbally mispronounced and butchered sentences 
on live recording.

Yes. It helped to break down the article in a way that made it 
more simple to understand by doing it little by little

The podcast was a very creative way to display what our 
group understood from the research paper. I think it helped to 
strengthen the understanding of the paper because we had 
to explain it in simple terms for the purpose of the podcast.

Yes because it helped us break down the paper into words 
we could understand. 

Yes, because it shows how a scientist would interpret a paper 
and describe it to the people that are not in the scientific 
community

Table 2. A sample of student responses to the questions “How do you feel about your annotations being available for future 
students to learn from?” (selected from 22 responses) and “How do you feel about your podcast being available for other 
scientists to listen to?” (selected from 23 responses).

How do you feel about your annotations being available 
for future students to learn from?

How do you feel about your podcast being available for 
other scientists to listen to?

I hope that annotations being available can help other students 
learn about the paper and get excited about the topic.

I think it is a good opportunity to communicate and hope it 
is considered well written and informative. 

It feels good to know that a project that I worked on will be 
used for more than a grade in the class.

A bit nervous since these people are already established in 
their field. 
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Excited. I’m hoping other students can use the annotations 
to help them. 

It’s good to be put out there in the science field, however it 
would be more beneficial if I could receive feedback from 
these other scientists. 

I think it’s a useful tool for students to have a general idea 
of these scientific papers so that they can have a better 
understanding of the paper once they read it in full. 

I’m very happy that other scientists will be able to listen in 
on what me and my group have to say about the paper and 
the topic it’s researching. 

Students will be able to quickly go through the paper and 
easily understand what they are reading, without having to 
stop and search up every unknown word or topic.

That’s exciting as well because it makes me feel closer to the 
scientific community. 

I’m very excited for the students that can use this in the 
future. When I started I didn’t have anything annotated and 
had to figure out how to read it on my own.

Very excited because scientists can hear how advanced 
undergrads can be. 

I feel like it is good so other students can feel confident 
in doing their own annotations by learning from other 
students.

I think that’s great as well because sometimes people can be 
inspired by younger people heading into their field.

I think that the students could better understand the article 
from my annotations.

I think it’s great to be able to record feedback in podcasts 
and interpretation of scientific articles for other scientists 
to listen to since some of these articles go unheard of. So 
reviewing and doing a podcast just sheds new light and 
appreciation to them.

I think it is a great idea, especially for those struggling with 
primary scientific literature. 

I feel very proud about this creative assignment. I believe 
it adds to my experience and helped me gain a unique 
perspective into how information can be shared to the 
scientific community. 

Table 3. A sample of student responses to the questions “What was your favorite part about this project?” (selected from 24 
responses) and “What part of this project surprised you the most?” (selected from 24 responses). 

What was your favorite part about this project? What part of this project surprised you the most?
My favorite part of this project was the actual recording 
of the podcast. It was a fun, interactive experience 
and I think the final recording brought the experience full 
circle. 

The part of the project that surprised me the most was the 
podcast scripting, it was not what I expected and offered 
more room for creativity. 

I believe that my favorite part was recording the podcast, 
very different from other classes and very helpful to the 
community. 

The recording for the speaking part of the project was more 
difficult than I anticipated. 

My favorite part was annotating the figures. Making the script.
Recording because the process was tedious but following 
the recording I had a strong sense of achievement. 

Recording. I didn’t think I’d be so proud of it.

My favorite part was taking the literature and breaking it 
up into pieces. This shows a different way to approach a 
research paper.

How annotating the paper made it easier to understand.

Working as a group. I think working in groups is much better 
than alone.

Having to write and record a podcast.

Favorite part of the projection was the podcast because I 
found that one to be the most fun.

Having to do a podcast, because I’ve never had to do one 
before.

I enjoyed collaborating in a team to create the script for the 
podcast. 

The podcast being published was the most shocking. 

Recording the podcast. The time it took to simplify the details of the paper to make 
them simple for everyone to understand. 
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 c Conclusion & Future Directions
This paper outlines the undergraduate curriculum for incorporating 
the scientific practices of reading PSL and communicating research 
findings to a lay audience. Students successfully learned to read 
and annotate PSL in addition to learning how to script and pro-
duce short podcasts based on the PSL. We show that the students 
perceived a sense of project ownership and reflected on how their 
authentic contributions would benefit the scientific community. 
Notably, the students reported that they felt proud of the final prod-
ucts (annotated papers and podcasts) and learning outcomes.

We are confident that our learning objectives were met and that 
our hypotheses were accepted. While the quantitative science iden-
tity data were not significant, students quantitative answers sup-
port students recognizing themselves as scientists and contributing 
to the scientific community. If we were to implement this project 
again, we would consider expanding the communication skills 
involved in scripting the podcast. For example, encouraging stu-
dents to have more of a conversational dialogue between themselves 
or even reaching out to interview the author of a paper. This could 
potentially develop the students’ communication skills in scientific 
discussions and scientific argumentation. In parallel, developing a 
podcast in this way may also lead to students further engaging with 
PSL, as they would have to understand the research in a deeper way 
than just describing the general narrative.

We feel that the material provided here can be used by any 
instructor to add this project to their undergraduate curriculum. 
While we have implemented this project with upper-level students, 
we believe that with the right level of support (i.e., learning assis-
tants and/or teaching assistants available for help), and the right 
level of PSL being selected, that this project could be successfully 
implemented with introductory students. Investing in this model 
could potentially reap huge future benefits, as starting freshman 
students out positively engaging with PSL in this way could position 
them for productively reading PSL throughout their future careers.

In summary, providing students the experience and engagement 
with scientific skills, including reading PSL and communicating 
scientific results, is an important factor of any science education. 
We believe that these skills should be included and promoted in 
curricula whenever possible, and we encourage our colleagues to 
implement and adapt our project for use with their own student 
populations.

 c Supplemental Material
• Appendix 1: Timeline for annotation and podcast project

• Appendix 2: Instructions for scripting the podcast along 
with an example podcast script

• Appendix 3: Ravindra’s class presentation on scripting and 
feedback on their scripts

• Appendix 4: A complete list of items for project ownership 
survey for annotating and podcasting and science identity 
items

• Appendix 5: Project handbook
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