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Abstract—Options for incarcerated individuals to participate
in higher education in prison programs (HEPPs) have
expanded in recent years to include courses in science,
technology, engineering, and mathematics, however these
students remain an underserved population in the United
States. Thus, there are opportunities to expand the available
offerings, increase the diversity of coursework available by
introducing subjects such as biomedical engineering (BME),
and include cocurricular and extracurricular activities widely
considered critical components of undergraduate training
including research experiences. As such, a year-long program
was developed to introduce students pursuing a bachelor’s
degree in an HEPP through an R1 institution to research
principles in BME. This course introduced students to
disciplines within BME, offered opportunities to gain
research experience as knowledge-creators, and supported
engagement with a scientific learning community. Using a
student-centered approach, the course was designed to
incorporate activities for reflection, goal setting, and dialogue
among participants and sought to leverage students’ funds of
knowledge and areas of personal scientific interest. This
course represents a transferable model for offering BME
courses and research-centered opportunities to students
enrolled in other HEPPs and an opportunity to promote
equity and access in higher education.
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CHALLENGE STATEMENT

Despite having only 5% of the world’s population,
the United States has 25% of the world’s carceral
population and incarcerated individuals are dispro-
portionately people of color and individuals with less
educational attainment prior to incarceration.1–5 Re-
cent data demonstrate that Black and Latinx individ-
uals are incarcerated at rates nearly 5 and 1.3 times
higher than White individuals, respectively, and on
average individuals enter prison with less than 11 years
of education, more than two years below the Unites
States’ national average.1–4 There are over 300 higher
education in prison programs (HEPPs) in the United
States that serve approximately 71,000 students.6–8

HEPPs provide opportunities for students to earn
GEDs and/or post-secondary degrees and engage in
training opportunities.6,9–13 However, access to such
programs varies substantially by geographical region.
For example, Royer et al. reported that while North
Carolina has 44 HEPPs, seven states only had one and
three states offer none.6 HEPPs also differ in a number
of ways including the student populations they serve,
the type of correctional facility they are affiliated with,
instructional format and modes of engagement (e.g.,
correspondence courses, live broadcast, asynchronous
online, or face-to-face), affiliated academic institutions
(e.g., public, private, or for profit; two-year or four-
year programs) and admission/enrollment processes.6

Despite these differences, the majority of HEPPs offer
opportunities for students to enroll in courses, engage
with training programs and academic services, and
earn post-secondary degrees and/or certificates.6 Data
have demonstrated that HEPPs impact both students
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and their communities in ways that go beyond reduc-
ing recidivism14–19 including increasing opportunities
for employment/further education upon re-entry,9,15,17

promoting positive health outcomes and personal
growth,1,15,20,21 and children of prison education par-
ticipants are themselves more likely to attend college.22

Due in part to these successful outcomes, the
number of HEPPs has generally increased over the past
decade and programs that focus on science, technol-
ogy, engineering, and math (STEM) have followed this
trend.6 As of the 2018–2019 academic year, at least 63
programs awarded associate or Bachelor of Science
degrees and partnerships with both universities and
private companies have facilitated a range of STEM
training programs (e.g., workshops, seminars, and
internships).6,10,13,23–26 While the growth of these
programs may represent an increase in access to
training opportunities, the scope of HEPPs can be
limited given that courses are generally offered based
on the specialties of instructor volunteers. As such,
students enrolled in HEPPs may not be introduced to
the same range of disciplines that non-carcerate stu-
dents are, representing an issue of equity, access, and
inclusion. Additionally, while many programs offer
extracurriculars,6 there is little to no precedent for
creating opportunities for incarcerated students to
engage in undergraduate research experiences (UREs)
as knowledge creators, despite this being considered a
critical experience in non-carceral undergraduate
training.27 Extensive research validates the positive
impact participating in mentored research experiences
has for students (e.g., development of research and
professional skills, retention in STEM, increased GPA,
belongingness, and self-confidence); benefits that may
be even more significant for students with identities
historically underrepresented in STEM and during
challenging times such as the COVID-19 pan-
demic.28–35

NOVEL INITIATIVE

Overview of the Two-Semester Course (Course Goals,
Student Population, and Instructional Format)

To address these challenges, we developed and
implemented a year-long pass/fail course-based
research experience (worth 2 credit hours per semester)
to introduce students to research principles in
biomedical engineering (BME) and to provide oppor-
tunities for students to engage in mentored research
activities (e.g. planning experiments, analyzing data,
appraising scientific literature, contextualizing experi-
mental results based on prior findings, and communi-
cating research outcomes; see Online Resource 1 for

syllabi materials). At the time this course was con-
ceptualized, both authors were doctoral students with
experience serving as teaching assistants and mentors
in research laboratories. Drawing from those experi-
ences and training in evidence-based pedagogy, we
designed a two-semester course for students pursuing a
Bachelor of Science degree with a concentration in
natural sciences and mathematics in an HEPP affiliated
with an R1 institution located in the Midwestern
United States. Students enrolled in the HEPP were
recruited to the course by academic advisors/faculty
and five chose to register. Figure 1 identifies specific
ways student-centered teaching approaches were used
throughout the course to achieve the overarching
course goals of increasing scientific literacy and com-
munication skills, supporting students in developing a
scientific identity and engaging with a STEM learning
community, and promoting an understanding of
experimental methods and active research areas in
BME.

Due to the COVID-19 pandemic, the course was
offered asynchronously and virtually (remotely) via a
learning management system (LMS) which students
accessed using tablets issued by the correctional center.
Through this platform, students were able to watch
short video lectures, receive and turn in assignments,
and communicate with instructors. While this tech-
nology enabled the course to occur at a time when
face-to-face instruction was impossible, several limita-
tions informed our approach to the course design.
First, the students’ tablets do not provide direct access
to the internet, instead, students must synchronize

FIGURE 1. Overview of the model for this BME course-based
research experience for incarcerated students. Image created
with BioRender.com.
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their tablet at kiosks within the correctional center to
upload or download materials. This necessitated direct
instructor involvement in facilitating literature sear-
ches and providing supplementary materials such as
guides on performing calculations and using functions
in spreadsheets. Additionally, students are unable to
message each other directly using the LMS. Because of
this limitation, document transfer between students for
peer-peer feedback and collaboration was mediated by
instructors (Fig. 2).

First Semester—Fall 2020

In the first semester of the two-semester program,
we focused on developing fundamental research skills
and providing individualized feedback to students to
emulate the environment of a traditional mentored
URE. Instruction was organized into modules (each
lasting 1–2 weeks) which consisted of a mini-lecture or
slide deck created by the instructors and associated
activities such as articles to read, worksheets and
reflection prompts to engage with, or data to analyze/
visualize. These activities provided opportunities for
students to practice newly learned skills, participate in
summative assessments, and receive feedback from
instructors. During the first few modules, students

were introduced to the discipline of BME, the scientific
method, the structure of scientific articles, and con-
cepts of data presentation. The remaining modules
focused on providing opportunities for students to
practice reading and analyzing scientific literature by
engaging in asynchronous journal club discussions
(Online Resource 1). After watching a mini-lecture
which provided an overview of the BME topic(s) ad-
dressed in the respective scientific article, students used
a glossary and a guided worksheet to read and analyze
the article. The worksheet (Fig. 3, Online Resource 2)
contained questions to promote critical thinking about
the article and to prompt students to contextualize and
analyze results. A separate worksheet (Online Re-
source 3) was used to facilitate peer-peer interactions
and provided space for students to reflect on what they
learned from the article and aspects they found chal-
lenging and particularly interesting. After submitting
their own reflections, students would receive one from
another student. This promoted a peer-peer dialogue
and an opportunity to learn from others’ perspectives.
Building upon these experiences, the final weeks of the
semester focused on students developing a research
question of their own, reading relevant literature,
proposing an experiment, and analyzing simulated
data. As a final deliverable, students compiled an ab-
stract based on the template for the annual Biomedical
Engineering Society (BMES) meeting. Through these
activities, students had the opportunity to see them-
selves as knowledge creators and engage in authentic
research activities.

Second Semester—Spring 2021

In the second semester of the program, students
were first invited to reflect on the previous semester
and set new personal learning goals. Over the next
several weeks, students explored diverse areas of
research in the BME disciplines (Fig. 4, Online Re-
source 1) by engaging in the weekly modules. Like in
the first semester, during these modules, students read
and interpreted scientific literature, analyzed data, and
proposed next steps for the research (Online Resource
4). For the final deliverable in the second semester,
each student developed their own module based on an
area of interest. The students identified key compo-
nents of an article and posed reflection questions re-
lated to methods, data analysis, and future directions.
During each of the final five weeks of the class, a stu-
dent-generated module was distributed to the class and
the responses were returned to the module’s author
who then provided feedback to their peers. Finally,
each student reflected on the experience of developing
the module and sharing it with the class.

FIGURE 2. Process for facilitating peer-peer feedback and
review. Instructors provided worksheets or documents to
students (1) who then submitted their assignments back to
the instructors (2). The instructor then sent the document to a
peer for review (3) and then the second student submitted the
document back to the instructor (4). Finally, the instructor
sent the document to the original student. An example of a
peer-peer reflection sheet can be found in Online Resource 3
and additional materials are available upon request. Image
created with BioRender.com.
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REFLECTION

While precedent exists for implementing STEM
programming and even laboratory courses and hands-
on demonstrations within HEPPs,10,13,24,25,36,37 to the
best of our knowledge, this course represents the first
research-focused BME course offered to students en-
rolled in an HEPP in the United States and a novel
opportunity for students to engage in UREs while
incarcerated. Given that we were designing a novel
program, we undertook significant efforts to identify
guiding principles for our instructional approach and
to clearly designate course goals and scope. We drew
inspiration from constructivism and incorporated evi-
dence-based teaching and learning practices including
situated learning, inquiry-based learning, and the
ARCS approach (attention, relevance, confidence,
satisfaction) into our instructional model in order to
build a ‘‘brave’’ and intellectually stimulating learning
environment where students could draw from their
funds of knowledge and passion for science.38–43

Additionally, we modeled a growth mindset approach
throughout the course and designed the activities to
empower students to express their opinions and to
think about their own learning processes. These are
approaches we have previously employed in both

classroom teaching and mentoring undergraduates
face-to-face in the laboratory environment, and we
took care to translate them to into this course-based
research experience as well.

From our perspectives as instructors, one of the
biggest impacts of this course was the opportunity to
build a community of researchers within an HEPP that
introduced students to the discipline of BME. Given
that we were limited by the COVID-19 pandemic to a
fully remote and asynchronous format, and had not
previously met the students, we knew it would be
important to establish a sense of community. To this
end, we dedicated time for introductions and goal
setting and established lines of multi-directional com-
munication (from instructors to students, students to
students, and students to instructors). Students fre-
quently communicated their questions and reflections
about the assignments and their interest in receiving
more information about a variety of scientific topics.
Additionally, students volunteered to support their
peers throughout the course by collaborating on
assignments and checking on each other during diffi-
cult times. We were open with students as well and
provided both instruction and mentorship. We con-
ducted frequent check-ins, responded promptly to
messages with thorough and thoughtful feedback, re-

FIGURE 3. Each module contained activities such as worksheets which provided students opportunities to engage with scientific
literature by stepping through the article and answering guided questions related to the methodology, data, and results. The
modules also provided students with sample data to analyze, contextualize, and/or visualize and space for reflections. Examples of
worksheets from two different modules can be seen in Online Resources 2 and 4 which were used to accompany a discussion
about several scientific articles and resources.53–56 Additional instructional materials are available upon request. Image created
with BioRender.com.
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quested input from students on the activities and
module topics, and shared from our own educational
and research experiences. We found that the develop-
ment of this community fostered creative thinking and
a safe environment to challenge oneself. In particular,
we observed that students continually pushed them-
selves to expand their skillsets and to explore scientific
topics with great intellectual curiosity. Our experiences
corroborate recent work demonstrating that mentor-
ship and engagement in a community may be even
more critical during challenging times such as the
COVID-19 pandemic. Such work identifies ‘‘lessons-
learned’’ and important considerations for providing
effective and equitable mentorship and these guidelines
will be implemented in this course moving for-
ward.30,44,45

During unpredictable times, it can also be even
more critical to scaffold the learning experiences and
create consistency. We felt that the module design
allowed us to provide our students with an experience
in which the activities were clearly laid out and
through which we were able to model research skills.
For example, by working through the guided work-
sheets, students were able to practice reading and
analyzing scientific literature and apply that learning to
their independent projects. Additionally, students
could draw upon their experiences with the instructor-
created modules when developing their own to share
with their peers. These guiding principles of the mod-
ule design are scalable and can be used in future iter-
ations of the course to facilitate discussions on
additional BME topics or to teach other research skills.

While we were able to form community during the
course and establish a repeatable pattern to the
learning experience, the virtual classroom environment
nonetheless presented considerable challenges. The
asynchronous nature of the course prevented full
group discussions and limited the abilities of students
to learn with and from one another. Fully remote
instruction also limited class activities, practice
opportunities, demonstrations, and summative assess-
ments. The technology available to students presented
additional challenges. As instructors we had to fre-
quently consider the types of files that the LMS would
support and the hardware and software limitations of
the students’ tablets. One of the most substantial
challenges was that of equipment malfunction. Tablets
frequently would not fully synchronize at the kiosks in
the housing units and several students’ tablets broke
during the course. This meant that students might be
unable to send or receive messages, upload or down-
load course materials, and occasionally, files became
corrupted during the synching process. When these
challenges occurred, we used creative approaches to
address the situation and collaborated with other
HEPP educators and correctional staff who provided
support including delivering hard copies of documents
to students and digitizing students’ hand written
materials. As such, in the second semester we inten-
tionally designed materials for each module so they
could be easily printed and transferred as hard-copies
to students if needed. For example, we included PDF
versions of the slide decks used for the mini-lectures
along with the video recording. We also found that it

FIGURE 4. Examples of BME topics covered through modules and journal clubs in the course. Image created with
BioRender.com.
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was helpful to establish policies in the class that pro-
vided flexibility to students regarding actions like
assignment submission and to work individually with
students to accommodate any personal situations
which might impact their course experience.

Due to continued interest from both previous and
new students, further programming has been devel-
oped and is currently being implemented. Students
communicated an interest in engaging with additional
STEM educational experiences following this course.
As such, more informal learning opportunities
including a STEM book club were developed and of-
fered virtually over the summer (Summer 2021). Dur-
ing the 2021–2022 academic year, face-to-face
instruction has become possible again, which has
substantially reduced difficulties of the asynchronous
environment and presented an opportunity to teach
hands-on laboratory skills. It is important, however,
that as we conceptualize future BME courses and
educational offerings that such programs be developed
in partnership with incarcerated students, HEPPs, and
departments of corrections, and should take care to
create supportive and intellectually challenging envi-
ronments that do not underestimate students’ capa-
bilities.13,46 An important part of that process is
seeking out and implementing feedback from course
participants. While in the first year of the course we
frequently requested feedback from students, work to
systematically investigate the student experiences using
a mixed-methods approach is currently ongoing. That
study will seek to determine the efficacy of the cour-
se(s), quantify student learning outcomes, and cata-
logue student perspectives. Data from such an
educational research study will be used to inform fu-
ture directions of this program. In the future study,
Likert scale questions will be used to collect quanti-
tative data from both HEPP students who have par-
ticipated in the BME course-based research
experiences and non-carcerate students who are par-
ticipating in UREs. These data will be compared in
order to determine the degree to which this course
supports incarcerated students in developing technical
and transferable research skills learned through a tra-
ditional URE. Additionally, both closed- and open-
ended questions will be used to collect qualitative
responses from HEPP students related to their expe-
riences in the class, their short and long-term goals,
and the outcomes of the program.

Expanding the course-based research opportunities
has required additional human resources. We have
recruited several new BME graduate student facilita-
tors in order to offer the course described herein again
and to develop an advanced course for students who
had previously completed this introductory program.
Onboarding additional instructors for current and fu-

ture iterations of this course has also provided an
opportunity for us to reflect on our own experiences
and the impact teaching in this program has had on us
as educators. While we both previously held roles as
research mentors and teaching assistants, becoming
fully immersed in the design and implementation of
this course as instructors of record has been an
incredible learning opportunity. Our experiences serv-
ing as instructors while doctoral students corroborate
findings from prior literature—rather than detracting
from our research goals, designing and teaching this
course contributed to our professional development as
researchers, educators, and mentors.47–49 We learned
about ourselves and our own teaching philosophies
and gained translational skills such as practicing
techniques for project and classroom management and
creative problem solving. Throughout the year we also
learned much from, and were inspired by, our students.
Being part of this course provided the opportunity for
us to learn from our students’ experiences, their
learning goals, scientific interests, and zeal for contin-
ual learning. Importantly, conceptualizing and partic-
ipating in this course has empowered us to continue to
serve as change agents towards addressing the struc-
tural racism present in both the justice and educational
systems, implementing high impact, equitable, and
inclusive learning environments, and creating cultures
of justice, equity, diversity, and inclusion (JEDI)
within the scientific and educational communities.
Nadkarni et al. have similarly reported that prison
education initiatives can have a profound positive
influence on the students as well as the educators
themselves and can contribute to the development of
empathy and interest in social justice issues, particu-
larly for earlier career scientists.49

CONCLUSION

Over the 2020–2021 academic year we designed and
implemented a course for incarcerated students that
scaffolded learning with activities authentic to tradi-
tional UREs including discussing scientific literature,
developing research plans, and interpreting and ana-
lyzing data. This was intended to serve as an oppor-
tunity for students to develop technical and
transferable skills, participate in a scholarly commu-
nity, and to contribute to developing a ‘‘prison-to-
STEM pipeline’’9–13 that will benefit individuals and
the scientific community at large. The pedagogical
model and the materials presented herein (Online Re-
sources 1–4) can be easily adapted to provide instruc-
tion on additional or alternative topics and to meet
students where they are based on their own learning
goals, previous experiences, and scientific training. As
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such, this course represents a transferable model for
teaching BME courses and research-centered oppor-
tunities to incarcerated students enrolled at other
institutions (see the National Directory from the Alli-
ance for Higher Education in Prison for a full list of
programs in the United States50) and an opportunity
to promote equity and inclusion in higher education.

CITATION DIVERSITY STATEMENT

Data demonstrate that citation bias exists—minor-
ity scholars are often under-cited in relation to the
number of published articles in a particular disci-
pline.51,52 We recognize the harmful impacts of this
bias and we have made efforts to reference literature
that reflects diversity of thought as well as gender, race,
ethnicity, and other factors.

SUPPLEMENTARY INFORMATION

The online version contains supplementary material
available at https://doi.org/10.1007/s43683-022-00071-
6.
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