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Abstract—Although there is increasing literature on blind
and visually impaired students in science, technology, engi-
neering, and mathematics (STEM), there is a prevalent gap in
the literature regarding STEM educators who are blind or
visually impaired. This account aims to partially fill this gap
by presenting the methodology and implementation of
teaching by Dr. Mona Minkara, a blind bioengineering
professor, as well as the tangible outcomes of this approach.
We discuss the efforts taken by Dr. Minkara and a team of
access assistants to develop accessible methods for teaching a
largely visual course, including the use of assistive technolo-
gies, such as alternative text, braille, and text-to-speech
software. Outside perspectives from teaching assistants,
access assistants, and students are also discussed. Student
feedback was collected in an end-of-term survey and ana-
lyzed to obtain quantitative and qualitative data. Evidenced
by student feedback on their experience, we demonstrate that
Dr. Minkara’s visual impairment altered student perceptions
about blindness in education and led to a more interactive
and engaging learning environment for her students. This
evidence also shows that students were overwhelmingly in
support of more blind educators in STEM. We present this
account and share our developing toolbox to demonstrate
that a career in higher education can (and should) be
accessible if given the right modifications. Efforts aimed at
broadening the participation of blind and visually impaired
individuals in STEM education can continue to alter student
perceptions and lead to enhanced learning environments, as
well as encourage instructors to increase the accessibility of
their own teaching.

Keywords—Higher education, Underrepresentation, Inclu-

sivity, Instructional design, Student perception.

INTRODUCTION

A 2017 study published by Bourne et al. estimated
that globally in 2015, 36.0 million people were blind,
and 216.6 million people suffered from a mild to severe
visual impairment.1 The World Health Organization
estimates the global total to be significantly higher,
with 2.2 billion people visually impaired or blind.2 In
the United States alone, an estimated 2.3% of the
population (7.44 million) reported a visual disability in
2017.3 In spite of the improvements in rights and
accommodations for persons with disabilities in the
US, such as The Americans with Disabilities Act and
its amendments, the education and employment rates
of visually impaired persons remains limited. Of
working-age people (21–64 years) with a visual
impairment, only 15.9% earned a Bachelor’s degree or
higher, 44.2% were employed, and 30.5% were em-
ployed full-time, compared to 34.5%, 79.4%, and
60.3%, respectively, for persons without any disabil-
ity.3 Those who are employed are most likely to work
in retail, medicine, manufacturing, or entertainment,
most commonly reporting positions as janitors, cash-
iers, health assistants, and retail salespersons.4 As
such, the number of people with a visual impairment
employed as educators is expected to be limited, and
even more so in higher education. Indeed, the 2017
American Community Survey estimated that 1.68%
(~ 33,000) of workers with a visual difficulty were
elementary or middle school teachers, while only
0.67% (~ 13,000) were post-secondary teachers.5

However, the data is somewhat limited in scope, as it
lacks detail on their employment in various types of
post-secondary institutions, including junior colleges,
community colleges, professional schools, and public
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and private colleges and universities. Comparatively,
the American Printing House for the Blind found that
there were 63,501 students in K-12 educational settings
that met the federal definition of blindness in 2018.6

Although specific data is not known, given the preva-
lence of visual impairment in the US (~ 2.3%) and the
total undergraduate enrollment in 2018 (16.6 million)
provided by the National Center for Education
Statistics,7 we can speculate on the numbers of stu-
dents with a visual impairment in higher education.
Thus, these data suggest the number of students with a
visual disability is higher than the number of educators
with a visual disability. As one might suspect of the
relevant literature, the majority of publications focus
on the student,8–21 and there are few works focused on
the visually impaired in the role of educator.22,23

Due to these limited resources and lacking sense of
community, the transition to a faculty appointment
can be challenging for those with a visual impairment.
The PI of this work, Dr. Mona Minkara, is blind,
having lost her vision at a young age. In a previous
publication, Dr. Minkara reflected on the toolkit she
built in order to succeed in her doctoral studies in
Chemistry.15 Although she was—after some initial
apprehension from her department—a Teaching
Assistant (TA) for General Chemistry during her third
year, the previous publication focused on her role as a
student and learner. Upon completion of her Ph.D.
and subsequent post-doc, Dr. Minkara transitioned to
a faculty role. This role brought the additional chal-
lenge of a discipline transition from Chemistry to
Bioengineering, which required her to learn new
material in order to teach a course, Biomolecular
Dynamics and Control (BioE 3380 at Northeastern
University), which focuses on applying the principles
of chemical kinetics to biology.

In addition to being one of a small community of
blind scientists,24 Dr. Minkara is one of a limited
number of blind or visually impaired faculty and, to
the best of our knowledge, she is the only blind Bio-
engineering Professor. While blind instructors have a
rich history as educators,25–27 we were unable to find a
substantial amount literature about the specific
mechanics of developing and running a STEM course
at the undergraduate level. While this paper does not
address the causes responsible for these limited num-
bers, we have observed both societal and educational
impacts from students taking a course with a blind
professor. For example, in an end-of-semester survey,
one student commented that his parents were ‘‘initially
mad’’ to learn that his professor was blind, but this
perception changed over the course of the semester
(Table S7, Student 34). We believe it is imperative to
share these experiences to demonstrate the impacts,
change perceptions, and assist in broadening the par-

ticipation of blind and visually impaired individuals in
higher education.

In this paper, we will discuss the methodology and
implementation of teaching, along with efforts to im-
prove accessibility, and the tangible outcomes of this
approach. This includes efforts both inside and outside
of the classroom such as the role of alternative text,
screen readers, braille, lecturing, and student partici-
pation. We will also discuss outside perspectives from
Dr. Minkara’s access assistants28 and TAs, as well as
feedback from students. To create a learning environ-
ment that was accessible to herself, implementation of
Universal Design for Learning (UDL) techniques lead
to a classroom that was accessible to all.29–31 We will
demonstrate that Dr. Minkara’s visual impairment
altered perceptions about blind individuals, increased
awareness about accessibility, and, ultimately, led to a
more active learning environment.32–35

PRIOR CONCERNS

Dr. Minkara joined the Northeastern Bioengineer-
ing faculty in August 2019 and would begin teaching
Biomolecular Dynamics and Control in January 2020.
This course draws heavily on chemical kinetics, of
which Dr. Minkara is familiar, but the course takes an
engineering approach to apply chemical kinetics to
biological systems. Therefore, she first needed to
become familiar with the material in order to teach the
course. More dauntingly, Dr. Minkara would have to
find a viable way to prepare for each class and present
the course material. Unlike her sighted peers, Dr.
Minkara would not have the luxury of being able to
read from a set of notes during lecture. Because each
class period would last an hour and forty minutes,
there would be a large amount of material to convey,
which again would require a detailed approach—an
approach that Dr. Minkara had not yet developed.

Teaching a new class would require a tremendous
amount of time even for a sighted person, but for Dr.
Minkara, the task was more challenging due to her
blindness. For example, braille notes could provide
both a means to memorize the lecture content and
recall information during lecture. However, Dr. Min-
kara does not read braille at a sufficient level to be able
to quickly read information. In theory, it could also be
possible for Dr. Minkara to receive audio prompts
during lecture using a headset and text-to-speech
software. In reality, when in testing this setup, we
found it did not work well due to the difficulty in
speaking aloud while listening, which interrupted the
flow of the lecture. Still, Dr. Minkara would need to
convey the visual content and mathematical details of
the course when she would not be able to see them
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herself. Considering the possibilities, the most feasi-
ble—albeit, time-consuming—option was memoriza-
tion.

CLASS PREPARATION

Creation of Materials

In order to familiarize herself with the material, Dr.
Minkara attended a section of the same course, BioE
3380, during the Fall 2019 semester. Attending this
course formed a strong basis for the material that Dr.
Minkara would present in her own class. However, the
delivery of the material, writing out the notes by hand,
was not something Dr. Minkara could replicate. In-
stead, Dr. Minkara decided to provide an outline of
the lecture to the students, which they could fill in as
she went through the lecture.36–38

During the prior semester, Dr. Minkara created a
digital document for each lecture that she would give
with the help of a TA. This required derivations to be
typed and figures be digitally created. For each equa-
tion and figure, descriptive alternative text was added
to verbally describe the figures and equations. Then,
Dr. Minkara would determine the key information,
such as definitions, equations, and examples, that
needed to be removed to create a ’fill-in-the-blank’
copy for students, generating a framework on which
they could take notes. This lengthy process would not
have been possible without the support of her TA and
the Bioengineering Department, which provided a TA
to support her preparation even though she was not
teaching that semester. Recalling the process, the TA
remarked: ‘‘When I first started working with Mona,
she had high expectations for my quality of work. […]
In my experience with Mona, I found that this
approach helped me produce work I was proud of and
made for a productive semester, as well as helped in my
development as a graduate student in my first seme-
ster.’’ In addition to being a unique and enriching
experience for the TA, this was an invaluable accom-
modation that largely contributed to Dr. Minkara’s
success.

Memorization

With much of the physical material prepared in the
Fall semester, Dr. Minkara was able to focus her time
during the Spring semester on preparing to present the
material. In the week leading up to each lecture, Dr.
Minkara and her access assistant, Ben Greenvall,
would spend several hours working through the
material that she would present. When time allowed,
Dr. Minkara preferred to write out the lecture line by

line as Greenvall read it aloud. While she was unable to
see what she had written, the act of slowly writing each
step helped to commit the material to memory. While
this technique was effective to learn the material, this
process was incredibly time consuming, and, as the
semester became busier, the preparation time became
mainly focused on reviewing the most challenging
sections, which were often the mathematical deriva-
tions.

In a slightly more sustainable (albeit less effective)
process, Greenvall would read the material aloud while
Dr. Minkara listened intently, committing the material
to memory. During this process, they would pause to
discuss each step of the mathematical derivations and
every plot and figure. During these processes, it was
necessary that the material be read clearly and cor-
rectly, especially when working through a mathemati-
cal derivation, as any misconceptions would persist
until corrected. Her access assistant, Ben, recalled the
process: ‘‘Because reading aloud was an intermediate
for Dr. Minkara to engage with the material, our
process inherently had more opportunity to introduce
an error than if someone were just reading and silently
memorizing the material themselves. As a result, we
were motivated to optimize the recitation process in
order to minimize the potential for error and subse-
quent delay. We both found it helpful to develop a
consistent set of terminology suited for our material.
As many of the equations featured lengthy terms in
quotient and exponential form, a key term in our dis-
cussions was to use ‘baseline’ to denote returning to
the ‘ground’ state of the equation. So, by using the
phrases ‘raised to’, ‘divided by’, and ‘baseline’, it
would typically be clear which part of the equation we
were currently working with.’’

It is important to note that when reading materials,
it is also helpful to consider the end-user and their
background. We found it particularly useful when
reading and describing mathematical equations to
incorporate Dr. Minkara’s chemistry background. For
example, chemists understand quantities written in
brackets, e.g. [A], to represent molar concentrations,
and the presence of the subscript ’0’, e.g. [A0], repre-
sents an initial concentration at the start of a reaction.
This knowledge can help the access assistant reading
the material to present the information in a way which
is clearer to the end-user. Other end-users are likely to
have different expertise and preferences; therefore, it is
critical to have a discussion of what works best for
them.

When preparing for a lecture, Dr. Minkara would
focus on memorizing the exact flow of the lecture,
paying particular attention to the order of each
mathematical step so as not to confuse the students
following along during lecture. She felt that it was
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essential that her recitation match exactly what was on
the screen. However, her preparation did not focus
solely on memorizing the content of each document.
During the memorization process, she spent a consid-
erable amount of time preemptively considering the
potential questions students might ask. This prepara-
tion was particularly relevant to the mathematical and
theoretical content, as there are often several different
ways to solve a problem or understand a concept.
Therefore, while it was vital that Dr. Minkara’s
memory matched the approach that she had used in
the prepared lecture material, it was also important to
consider the different backgrounds and perspectives
that her students might bring. This approach both
helped her to be prepared for students’ questions, and
ultimately, made her a better lecturer, as she was able
to frame the potentially confusing parts of the lecture
with better clarity.

Though complete memorization was effective, it was
extremely time intensive, and we explored ways to
make lecture preparation more efficient for Dr. Min-
kara. In the next two sections, we will discuss the use of
alternative text with VoiceOver, the Apple screen
reader software, and a braille notetaker.

Alternative Text

The initial creation of the lecture material was not
readily accessible to Dr. Minkara and therefore did not
allow her to review the material and memorize it on her
own. Studies have shown that universal design is
effective for all persons,29,30,39,40 not just those with
disabilities, therefore, instead of solely focusing on
creating accessible documents to Dr. Minkara, our aim
was to work towards creating universally designed
content that would be accessible to both Dr. Minkara
and her students. Our first task was to make images,
graphs, and figures accessible by adding descriptive
alternative text, commonly referred to as alt text,
throughout.41,42 Upon completing this task, we found
that there were persistent accessibility issues (see Ap-
pendix A, Example 1). Some portions of the written
material would read correctly, but other areas could
not be detected by the screen reader, particularly auto-
formatting (bullets and numbering), figures, groups of
objects, and equations. The issue was likely compati-
bility between Microsoft Word, which was used to
create the lectures, and VoiceOver on Mac, which was
used for screen reading. We turned off autoformatting
and all bullets and numbering were replaced by a
special dot character, � (Unicode character 2022), or
plain text for lists, A., B., C., in order to maintain the
aesthetics and readability of the documents for stu-
dents, while making it compatible with VoiceOver.

A predominant obstacle with the lecture material
was the large quantity of equations and mathematical
symbols present, which could not be read by Voice-
Over. There are a variety of tools available for
improving the accessibility of mathematical equations
through screen readers and/or braille displays such as
MathML (https://www.w3.org/Math/), MathJax (htt
ps://www.mathjax.org/), and MathType (http://www.
wiris.com/mathtype), but these tools help primarily
with web-based content. For ease and compatibility,
we decided to use the alt text functions within Micro-
soft and quickly found that adding alt text for equa-
tions is possible in PowerPoint, but not in Word
(Appendix A, Example 2). In order to circumvent this
issue, each equation was saved as an image, subse-
quently inserted back into the lecture document, and
then alternative text was added.

This process of adding alternative text was partic-
ularly frustrating due to the number of unforseen
obstacles encountered, as Dr. Minkara’s access assis-
tant, Dr. Amanda Tiano, recalls: ‘‘Initially, I was very
confident in my ability to make the lecture materials
accessible having created ADA-compliant documents
for undergraduate-level chemistry courses without any
known issues in my previous position. However, it
turned out that this problem was more challenging and
complex than my initial expectations. Reflecting on my
previous experience, I think the key word is ’known’.
To the best of my knowledge, none of the students in
those courses had a visual impairment or required the
use of speech-to-text software, and now I wonder
whether those documents were truly accessible, as the
accessibility checkers in Microsoft Office and Canvas
led me to believe. In this case, however, we received
instant feedback on our efforts from a visually im-
paired user which was informative, invaluable, and, at
times, frustrating. Indeed, the compatibility issues we
encountered between Office (used to generate the
document) and VoiceOver (output) was vexing when
the accessibility checker did not identify any issues, but
the feedback Dr. Minkara provided enabled us to
systematically identify specific problems and work to-
wards solutions. Overall, this experience was illumi-
nating and increased my awareness of accessibility
when creating documents.’’

The last major difficulty with this approach was the
nature of the equations in the lecture material. There
are numerous, intricate equations throughout, which
can make alternative text difficult. The access assistant
working on the alternative text should have an
understanding of both basic and advanced mathe-
matical concepts, e.g. power, integrals, linear equa-
tions, matrices, etc., in order to correctly describe the
content. The access assistant must also be attentive to
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detail to ensure also that the alternative text is clear
and accurate. As an example, consider Eq. [1],

k ¼ Ae
�Ea
RT ð1Þ

which depicts the Arrhenius Equation. This equa-
tion is not inherently complex but consider the way in
which an access assistant may type a description of the
equation. If the access assistant is familiar with the
equation and assumes the end-user is as well, he or she
may transcribe it as ‘‘k equals A e to the negative E a
over RT’’. However, if the end-user is not already
familiar with this equation, it might not be clear that
the first A and e are multiplied and that the second ’a’
is a subscript. Additionally, the word ’over’ is com-
monly used to indicate a division, but it is not clear
from the description where the division occurs. Lastly,
there is no distinction between uppercase and lower-
case letters, so the user may not be able to identify a
difference between ’A’ and ’a’ and ’E’ and ’e’ in the
above description. Using VoiceOver, uppercase and
lowercase letters can be distinguished with a different
pitch, but the user must scroll character by character to
obtain this information. Although possible, it is time-
consuming, and the end-user would need to be made
aware that different cases are present. Considering all
the potential sources of error, there are at least 66
different equations that could be understood from this
combination of terms. It is highly likely to result in an
end-user who is misinformed, and this incorrect
information could then be shared with the students, if
not corrected.

The previous example is a simple one. Now consider
Eq. [2],

½A� ¼
½B0� � ½A0�ð Þ ½A0�

½B0� e
�ktð½B0��½A0�Þ

1� ½A0�
½B0� e

�ktð½B0��½A0�Þ
ð2Þ

which describes the concentration of a species in a
second order reaction. It is evident that Eq. [2] is much
more complex than Eq. [1] and, therefore, the potential
for mistakes and misinformation is much greater. It is
critical for access assistants to use more descriptive
words such as ‘‘the product of’’, ‘‘the quotient of’’, and
‘‘to the power of’’ and indicate the presence of
parentheses to ensure the end-user can identify blocks
of information more clearly. Additionally, for equa-
tions including quotients, it is important to indicate
when an equation is brought back to ’ground state’; in
our case the word ’baseline’ was used to indicate this.
Taking into account these guidelines, two examples of
accurate alternative text descriptions of Eq. [1] are: (1)
k is equal to capital A times e raised to the quantity of
negative capital e subscript a divided by R times T and
(2) k is equal to capital A times e raised to the power of

open parentheses negative capital E subscript a divided
by R times T end parentheses. An alternative text
description for Eq. [2] added through Microsoft Pow-
erPoint is included in Appendix A, Example 3.

Having established a clear method to create acces-
sible documents, we documented the step-by-step
process to enable any access assistant or work-study
student to work on the remainder of the lecture
material. The final step in the process was establishing
a library of equation images and their corresponding
alternative text. This will enable us to generate new
lecture material in the future more rapidly while
maintaining accessibility. Although established with
teaching in mind, these methods and tools can also be
utilized for Dr. Minkara’s research, which will assist
her research students in preparing accessible manu-
scripts, theses, digital lab notebooks, and presenta-
tions. Although Dr. Minkara was our only user of the
alternative text, we felt it was important to keep uni-
versal design in mind and prepare for the possibility of
a blind or visually impaired student in her classroom.
Therefore, another blind or visually impaired individ-
ual using our documents should find them to be fully
accessible, regardless of their previous knowledge or
background. By sharing our process, we aim to pro-
vide methods and tools to create sustainable systems
that can be proactively applied by anyone to make
education accessible to everyone. These principles can
also be extended beyond the classroom, e.g. publishers
ensuring that journal articles are accessible with
alternative text.

Braille Notetaker

Six weeks into the semester, we also investigated the
use of a braille notetaker to improve accessibility.
Interestingly, in the United States less than 10% of
blind and visually impaired individuals are braille
readers.43 In spite of having lost her vision at a young
age, Dr. Minkara did not learn braille until very re-
cently. The aim was to use the notetaker to generate a
high-level outline of the lecture materials that could be
used by Dr. Minkara while preparing for class and
during lecture as a quick reference. Additionally, she
could use the device to review the now accessible
course documents without an access assistant. We note
that tactile readers in the blind and visually impaired
community may not consider these materials accessi-
ble, as text is used to describe the equations, rather
than Nemeth braille. However, these documents are
fully accessible to Dr. Minkara using her current tools
and existing knowledge of braille.

We used a BrailleSense Polaris (HIMS, Inc.) which
has a 32-cell braille output, a Perkins-style keyboard,
and comes equipped with a variety of accessible soft-
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ware including Google and Polaris’s own office apps
for email, documents, presentations, and spread-
sheets.44 The notetaker can also be connected to an
external display or used with the application Team-
Viewer to share material with a sighted access assis-
tant, which can help with navigation. Once set up, an
access assistant can review the lecture content while
Dr. Minkara types up basic notes and/or an outline for
reference. Using this technique, Dr. Minkara can have
a set of notes that can be quickly referenced. Addi-
tionally, using USB or Wi-Fi, the full lecture materials
can also be reviewed with the notetaker. This allowed
Dr. Minkara to prepare for upcoming lectures at her
own convenience, especially when her access assistants
were not available.

Based on Dr. Minkara’s’s previous experience with
the braille notetaker, we believe that there is much
more that can be accomplished with the device for
teaching, but additional training is needed to expand
its usage. Unfortunately, further use of the braille
notetaker was impeded by the COVID-19 pandemic,
which moved classes and non-essential work from in-
person to online. Thus, Dr. Minkara was unable to
work with her access assistants to explore additional
uses.

CLASS EXPECTATIONS

On the first day of Biomolecular Dynamics and
Control, Dr. Minkara addressed the class and told
them that the course would be unlike others they had
taken in the past. For the students to get the most out
of their time together, they would need to engage with
both her and their peers to a much greater degree than
other science classes. To promote engagement and
maintain a direct line of contact between herself and
the students, Dr. Minkara made the following requests
of the students: (1) ask any questions they may have
aloud instead of raising their hand, (2) at least initially,
preface their question with their name, (3) respond
audibly to questions, and (4) volunteer for demon-
strations, board work, and reading material aloud.
These requests would allow Dr. Minkara to (1) field
questions directly, (2) match names to voices, (3) gauge
the classes’ comprehension and speed of instruction,
and (4) ensure class progression and success, respec-
tively. The goal of these requests was to encourage the
students to meet Dr. Minkara at the level where she
felt that she—and they—could be most successful.
Although these requests were not necessary, asking
students to make these accommodations made her a
better educator. The end result was a dynamic, active
learning environment, which was atypical for such a

mathematically intensive, mid-sized, ‘lecture-style’
course.

While working through the lecture document, which
the students received in a ’fill-in-the-blank’ format, Dr.
Minkara’s approach to instruction involved frequently
introducing opportunities for discussion, question, or
activity. Students were often asked to participate in a
variety of ways. For instance, students were asked if
they had any familiarity with a new term, example, or
mathematical approach before the completed section
of the presentation was revealed, which gave students
the opportunity to draw upon prior knowledge. Stu-
dents were also asked to read the material directly
from the completed notes to create a change of pace
and prompt students to take a more active role in
lecturing and teaching their peers. Lastly, students
were asked to work collaboratively in both small
groups to answer questions or together as a class to
solve problems at the board. In the latter case, Dr.
Minkara applied a condition that the student at the
board was to only write what the class told them,
which removed the pressure associated with thinking
on the spot.

While participation in this way was initially met
with hesitation, Dr. Minkara maintained her rules of
engagement. Though awkward stretches of silence oc-
curred in the first few days, Dr. Minkara would stand
in front of the class and wait until she got an answer to
her question. There were also instances in which stu-
dent tried to interact with her sighted access assistant
instead. Greenvall, Dr. Minkara’s access assistant re-
marked on his first-hand observations, ‘‘Initially, there
were times where students would raise their hands
during lecture and make eye contact with me, expect-
ing that I would tell Dr. Minkara. Whenever this
happened, I would either direct my gaze towards Dr.
Minkara, pretend not to see the student, or just shrug,
to encourage the students to interact directly with her.
As the semester progressed, these interactions became
less frequent as the students continued to embrace Dr.
Minkara’s process.’’ After a few class sessions, the
students began to participate more frequently and with
less reluctance, and it became clear that the system was
one that many of them accepted and enjoyed. In the
end of term survey, one student commented, ‘‘Yes, it
was weird to answer every question instead of just
nodding, it was weird to read out loud from the slides,
but it got me engaged. I was present in the class, paying
attention, because Mona made it interactive‘‘
(Table S2, Student 20). Another student commented:
’’At this point in my academic career professors feel
that taking notes and participating in class is up to the
student. I appreciated that Dr. Minkara pushed us to
participate and be engaged as I think it helped with
learning as well as general interest in the material. It
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was different in the best way‘‘ (Table S4, Student 7).
Their participation became so significant that, even-
tually, the ease and enthusiasm with which the class
responded became a proxy for the students’ overall
morale.

By the end of the semester, nearly every student had
participated during class discussions. Students
acknowledged that the classroom was a welcoming and
respectful environment as one student commented,
’’She fosters an environment in class that makes
everyone feel comfortable to ask questions and show
when they are confused, which has never happened in
another classroom that I have had‘‘ (Table S4, Student
33). By embracing Dr. Minkara’s process and actively
participating, students learned valuable communica-
tion skills while providing the essential verbal cues Dr.
Minkara needed to be successful.

Outside of the classroom, Dr. Minkara held office
hours twice a week. Initially, she was worried about
how office hours would go, as she felt that many of the
potential questions would be visual. When time
allowed, she made sure to prepare well for these ses-
sions by re-reading the material for that week and the
previous week’s quiz and problem sets, however this
was not always possible.

When students came with a question, Dr. Minkara
would ask the student to read the question aloud and
describe the problem to her. Ultimately, this had two
benefits; it would allow Dr. Minkara to recall the
problem and familiarize herself with their point of
confusion, and it forced the student to think critically
about the problem and precisely articulate whatever
concept was not making sense. Often, the student
would answer their own question while discussing the
problem, as one explained: ’’In some ways, Dr.
Minkara being blind actually made office hours better,
as in reading the problem/my work out loud, I often
figured out the error in my work when I otherwise
wouldn’t‘‘ (Table S5, Student 28). If needed, Dr.
Minkara and the student would solve the question
together aloud. Because the office hours were often
well attended and many of the same questions arose,
Dr. Minkara would encourage students who under-
stood the material to teach their peers with her
supervision, often by working through a problem on
the board. This process allowed students to further
their understanding by explaining concepts to peers.
This process had the added benefit that Dr. Minkara
could ask the other students to check the work of the
student writing on the board, though printed solutions
and one of Dr. Minkara’s access assistants would be
on hand to serve as a visual backup if necessary. Be-
cause Dr. Minkara encouraged the students to discuss
the material amongst themselves, it created collabo-
rative, supportive connections that carried over into

the classroom. In the end of term survey, the students
who attended office hours indicated that they found
her office hours to be effective (Appendix B, Table S5).

EFFECTS OF REMOTE CLASSES

During March 2020, the novel SARS-CoV-2 virus
required quick conversion of the in-class design to a
digital one. This adjustment had significant impacts on
Dr. Minkara’s teaching process, which required her to
change both her preparation and presentation
approach. Dr. Minkara was no longer able to work
with her access assistants in person. It was difficult for
Dr. Minkara to memorize the lecture content to the
same level of detail, as the already time-consuming
process of memorizing only became more challenging
while working remotely. For instance, it would no
longer be possible for her access assistant to review the
material that Dr. Minkara had written down or create
physical flash cards for her to hold. Even a relatively
simple process like tracing her hand along a printed
graph so that she could get a rough sense of the ‘shape
of the data’, which could typically be completed in
about a minute while in person, took up to 15 min to
describe while working remotely.

After experimenting with various digital platforms,
Dr. Minkara decided to hold class sessions and office
hours through the video conferencing app, Zoom, as it
was the most accessible for her to navigate remotely.
Unlike the engaged and responsive class sessions that
Dr. Minkara was used to having while on campus, the
virtual sessions noticeably lacked connectivity due to
the nature of the situation, as one student noted, ’’To
be quite frank, the transition to online classes disap-
pointed me the most because of this class as it was the
most enjoyable I had in terms of content and envi-
ronment‘‘ (Table S8, Student 13). To minimize feed-
back in digital lectures, the norm is for students to
leave their microphones muted while not talking, but
Dr. Minkara was used to using student response to
gauge comprehension while in person.

To deal with these preparation and presentation
challenges, Dr. Minkara significantly changed the
operational structure of the class. She provided stu-
dents the completed version of notes with the expec-
tation that they would read them prior to class. Then
during class time, Dr. Minkara talked through the
major concepts of the material as her access assistant
displayed the document via screen sharing, but she
would not initially explain the material in full detail,
allowing the students to ask questions about the spe-
cifics. In this new system, students would not need to
spend time copying the material—instead, Dr. Min-
kara hoped for a discussion driven by the students’
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questions. This approach allowed Dr. Minkara to
navigate the challenges of memorizing and working
with her access assistants remotely, though the transi-
tion was certainly a jarring shift of pace for the stu-
dents. Having observed both teaching environments,
Greenvall commented, ’’While Dr. Minkara’s in-class
sessions relied heavily on student interaction and par-
ticipation, the way we needed to operate online made
this significantly more challenging. With nearly 40
people coming together on a video call, much of what
made Dr. Minkara’s approach effective (and for many
students, enjoyable) wasn’t possible online. It’s hard to
expect students to shout out a question mid-lecture in a
virtual class that size, and even if they could, we
wouldn’t have been able to prepare the material to

make a traditional lecture possible.‘‘ Thankfully, the
class had already spent several months together, and
because Dr. Minkara had built a rapport with the
students, they were understanding of the challenges she
faced in maintaining an engaging class while working
remotely.

Although the situation was not ideal for either Dr.
Minkara or her students, the online experience speaks
highly of her effectiveness while teaching in person.
Many students often think that if given detailed notes,
as became necessary when working virtually, they
would be able to sufficiently learn the material on their
own. On the contrary, in Dr. Minkara’s class, several
students were disappointed to lose the old system as
one student commented in the university course eval-

TABLE 1. List of survey questions.

Number Question

1 Before starting class, what preconceived notions or expectations did you have about Professor Minkara’s ability to teach as a blind

professor? Please also indicate if you didn’t know she was blind

2 How did these preconceived notions and expectations compare to your experience in the course?

3 Did it make a difference to you that such a visual course was taught to you by Professor Minkara as opposed to by a sighted

professor?

4 Did it make a difference to you that such a visual course was taught to you by Professor Minkara as opposed to by a sighted

professor? Please explain

5 Did you find that Professor Minkara’s teaching methods differ from other professors?

6 Did you find that Professor Minkara’s teaching methods differ from other professors? Please explain

7 Did you find Professor Minkara’s office hours to be effective?

8 Did you find Professor Minkara’s office hours to be effective? Please explain

9 If you found yourself in a teaching or mentoring position in the future, do you believe you would be able to effectively teach or

mentor a blind student?

10 If you found yourself in a teaching or mentoring position in the future, do you believe you would be able to effectively teach or

mentor a blind student? Please explain

11 Reflecting on your experiences in this course, do you think there should be more blind educators in STEM?

12 Reflecting on your experiences in this course, do you think there should be more blind educators in STEM? Please explain

13 Please provide any additional comments that you would like to share regarding Professor Minkara’s teaching as a blind instructor

FIGURE 1. Example of breaking down possible outcomes for Question 1.

BIOMEDICAL
ENGINEERING 
SOCIETY

252



uations ’’Prof. Minkara is a fantastic lecturer. When
the class transferred to online, I found it difficult to
learn the material without the lectures.‘‘ Transitioning
to a virtual format further affirms much of what we
have observed throughout this process; there are edu-
cational and experiential benefits to the way Dr.
Minkara conducted her class while in person, but the
approach required a lot of time, coordination, and
effort. Together, these provide evidence that it is vital
to continue developing efficient, sustainable, and
accessible systems for Dr. Minkara to teach, especially
with the state of higher education constantly evolving.

STUDENT FEEDBACK

Towards the end of the semester, we developed a 13-
question survey to obtain feedback from students on
their experience Dr. Minkara’s class. The general for-
mat of the survey was a yes/no question and a sec-
ondary question prompting students to explain their
previous response. The full list of questions is shown
below in Table 1.

The survey was available electronically to students
via Blackboard, in order to track completions while
keeping responses anonymous. Students received extra
credit for completing the survey.

Analysis

Of the 36 students in the class, 34 students (94%)
completed the survey. For some questions, we used a
tree diagram approach to first determine all possible

outcomes (Figure 1). Next, each student response was
reviewed and subsequently binned to one of the out-
comes. It is important to note that the binning process
is inherently more subjective than objective, in partic-
ular for the neutral or mixed responses, which con-
tained both positive and negative attributes. However,
we had multiple reviewers and collectively discussed
the responses that were difficult to assign to minimize
subjectivity. Using this approach, we were able to
obtain both qualitative and quantitative data from the
questions with open-ended responses.

The full set of survey responses is available in Ap-
pendix B in Tables S1 through S8. Some student
responses incorporated into the text have been altered
for clarity or typographical errors and are indicated as
such with brackets. Each quote is followed by a
table number and a number between 1 and 34 for
reference to the original, unedited response in each
table. We also note that this research was determined
by Northeastern University’s IRB as exempt from
classification as research involving human subjects.

Questions 1 and 2: Impacts and Perceptions

The first two questions focused on understanding
the societal impacts and perceptions of the students on
having a blind professor. We began by asking students
whether they were aware of Dr. Minkara’s blindness
before class began and what preconceived notions or
expectations they had regarding her blindness (Ques-
tion 1, Table S1). Nearly 60% of the class (20 of 34
students) knew of her blindness prior to class. Of the
20 students that knew, 15 had some preconceived no-

FIGURE 2. Survey responses comparing students’ initial expectations (Question 1) to their experience (Question 2). Responses
are grouped by students who knew (solid, bottom) and did not know (patterned, top) that Dr. Minkara was blind prior to the course
and colored green, red, yellow, and grey for positive, negative, neutral, and none, respectively.
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tions or expectations related to her blindness, the
majority being positive (9 students), and the remainder
split between negative and neutral (Figure 2). Several
students expressed that they enrolled out of genuine
curiosity in what it would be like taking a class with a
blind professor, while others cited making a collective
decision with their peers and their trust in the univer-
sity to hire qualified faculty. One student enrolled be-
cause ‘‘to have the drive to teach a class in the
engineering field, blind, [the professor] would have to
really be passionate about the material and teaching as
a whole’’ (Table S1, Student 2). Interestingly, a few
students stated that it was part of their decision to take
Dr. Minkara’s section of the course, ‘‘My perceived
notion was that I would be deeply inspired and pushed
out of my comfort zone in terms of the learning style’’
(Table S1, Student 1).

Among the students who conveyed neutral (mixed)
or negative expectations, some students identified
themselves as visual learners, and were worried they
may not be able to learn from Dr. Minkara. Students
were apprehensive about learning material with visual
aspects, such as graphs, images, and equations, from
someone lacking the physical ability to see them. One
student focused on the mathematics, ‘‘As a visual
learner, I was concerned about how I would be able to
learn complicated math problems’’ (Table S1, Student
22). Overall, whether students had expectations or not,
a common theme was that many students believed that
the course would be different and wondered whether
Dr. Minkara’s blindness would affect, for better or for
worse, the class structure and, ultimately, their learn-
ing.

Next, we asked the students to compare their initial
expectations or preconceived notions surrounding Dr.
Minkara’s blindness to their experience in the course
(Question 2, Table S2). Regardless of whether the
student had positive, negative, neutral, or no expecta-
tions, the majority of students (91%) reported a posi-
tive experience, while only 9% (3 out of 34) expressed a
neutral (or mixed) experience in their response (Fig-
ure 2). Students expressed that the experience sur-
passed their initial expectations, ‘‘My expectations
were not met at all, they were exceeded. I loved how
the class was taught and how energetic the environ-
ment was. I thought that the class would be a lot of
videos and some lectures, but the format of the class
definitely took me by surprise’’ (Table S2, Student 16).
Several students who initially had negative or neutral
expectations also conveyed that they were incorrect in
their expectations, ‘‘Walking in the first day and find-
ing out that Dr. Minkara was blind I was a little ner-
vous about the class. These notions were SOWRONG.
[…] I had an incredible experience in this course’’
(Table S2, Student 7). Considering the student

responses for Questions 1 and 2, it is evident that be-
cause of their experience in Dr. Minkara’s course,
students’ perception of blind or visually impaired
individuals in education was changed in a positive way.
We anticipate that over the course of Dr. Minkara’s
career, she will continue to alter perceptions of the
blind and visually impaired among students and fac-
ulty, which will lead to positive societal impacts such as
increasing the number of blind and visually impaired
persons in higher education.

Questions 3 Through 6: Differences in Having a Blind
Professor

Students were also asked whether they felt there was
a difference in being taught by Dr. Minkara as op-
posed to a sighted professor, and to elaborate on their
response (Questions 3 and 4, Table S3). The majority
of students (26 out of 34) responded that it did not
make a difference that Dr. Minkara was blind. Overall,
many of these students discovered that vision was not
necessary to make a great professor; they emphasized
that skills, abilities, and teaching methods were what
led to their overwhelmingly positive experience in the
course, ‘‘I don’t think that ability to teach depends on
the eyesight. It depends on ability to find an approach,
to be clear, to have passion for a subject one is teaching
and to be passionate about teaching in general’’
(Table S3, Student 20). Another student provided their
unique perspective on their experience, ‘‘It did make a
difference for me. As a deaf student, visuals are
something that I rely on heavily. This class made a
difference in a positive way because I felt that the class
was perfect for someone with my impairment as it was
taught by someone who is also disabled. Being able to
meet someone with a more impactful disability than
mine was also a great learning experience for me as I
have seldom met other deaf people and have never met
a blind person before’’ (Table S3, Student 29). This
response is particularly valuable and adds an addi-
tional element to the impact of Dr. Minkara’s teach-
ing. Given that deaf persons rely on visuals while blind
persons rely on auditory input, it’s easy to assume that
it would be impossible for a blind person to teach a
deaf person. However, it was shown that it is not
impossible, but rather, that it was a positive experience
for the deaf student. Overall, these responses provide
clear evidence of the larger impacts of Dr. Minkara’s
blindness in education, not only as a role model for
other disabled persons, but also in teaching students
that sight is not a requirement for a great educator.

However, not all of the students felt the differences
were positive. One student expressed that they had
difficulty with Dr. Minkara’s approach, ‘‘A lot of
professors [nowadays] lecture by writing the notes out
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with the class. Personally I find that helpful and have
learned to expect that in most of my classes so it was
difficult for me [to] adapt to Professor
Minkara’s teaching style. The packets were helpful in
that it gave us a visual guideline to the lectures how-
ever it was one of those instances where it made it more
difficult to know when I didn’t understand a topic
because I was just focused on filling in the blanks not
understanding what I was writing. I think students also
tended to just try to learn the material they didn’t
understand themselves or with each other rather than
in the classroom where it is easier to just ask a sighted
professor to further write out calculations or explain a
visual concept more on the spot’’ (Table S3, Student
22). Although the responses were largely positive, some
students still have reservations about visual aspects of
the course and, therefore, more work is still needed to
assuage doubts. By continuing to engage with students
both inside and outside the classroom, we hope to
minimize and, eventually, eliminate these notions by
demonstrating that it can be taught effectively by
someone who is blind.

In a follow-up question, students were asked
specifically whether Dr. Minkara’s teaching methods
were different from other professors and to explain
their answer (Questions 5 and 6, Table S4). Of the
responses, 88% (30 out of 34) indicated there was a
difference, compared to 12% (4 out of 34) who stated
there was no difference.

Two of the major differences specified by students
were the blanked lecture notes and degree of partici-
pation. Although some students expressed difficulty
adapting to Dr. Minkara’s methods, students largely
enjoyed the blanked lecture notes provided for each
class, ‘‘this method actually made the class more
effective. Since we had all the essential notes we needed
on paper, we could focus more on questions’’
(Table S4, Student 16). Coupled with the participation
required, many students expressed that her methods
were effective and engaging. ‘‘Professor Minkara de-
mands participation in her course. She wants her stu-
dents to be present in class and makes an effort to
make sure they all understand the material. She con-
sistently asks the class for feedback. This is more
interaction than the rest of my professors combined’’
(Table S4, Student 4). Nearly all student responses
depicted some aspect in which the course differed.

Overall, the responses to these questions demon-
strate that having a blind professor is different for
students, largely in a positive way. We believe this
shows that as a result of Dr. Minkara’s methods stu-
dents identified teaching methods that differed from
other professors, methods which led students to obtain
a better understanding of the material and also taught
students how to communicate more effectively.

Questions 9 through 12: Propagating Change

Drawing on their experience with Dr. Minkara,
Questions 9 through 12 of the survey prompted stu-
dents to consider propagating change. First, students
were asked whether they felt they could effectively
mentor or teach a blind student (Questions 9 and 10,
Table S6). The responses were roughly split down the
middle with 53% responding positively (18 out of 34)
and 47% responding negatively (16 out of 34). Of the
negative responses, some students stated that they felt
they needed additional training and practice to be
successful, although many expressed increased aware-
ness, ‘‘I would need additional support and training
before being confident in my ability to mentor or teach
a blind person. After being in Professor Minkara’s
class, I feel that I am more aware of the unique expe-
riences that blind students and teachers have, but I feel
I would have to adapt my teaching style to fully be able
to communicate new learning material without the use
of vision’’ (Table S6, Student 19). While others reit-
erated their reliance on visuals, ‘‘I find that when
something is hard to explain, I instinctively reach for a
pen and paper. […] It would be difficult for me to
explain a topic if I didn’t have access to these tools’’
(Table S6, Student 32). Most students expressed an
increased awareness of accessibility and an apprecia-
tion for the tools and communication skills they
learned in this course. For example, ‘‘As much as I
want to check yes, I believe there is so much I need to
learn about how blind individuals perceive and learn so
I would be better able to explain concepts and reach
them. I want to teach in the future, and I desire for my
classes to be as accessible as possible. Being taught by
Professor Minkara gave me some insight into this’’
(Table S6, Student 14). Overall, the student responses
are interesting given that Dr. Minkara did not explain
how to teach students with disabilities and students
drew upon their own experiences in the class. Asking
this question prompted students to think about a
possibility they might not have considered. We found
that a result of their experiences in Dr. Minkara’s class,
many students are more willing to adapt in order to be
more inclusive to persons with disabilities.

Lastly, we asked students whether there should be
more blind educators in STEM (Questions 11 and 12,
Table S7). The vast majority of the students answered
yes (31 out of 34) along with two negative responses
and one unanswered. Many students commented that
Dr. Minkara’s visual impairment had no effect on her
ability to teach, and in some cases, students felt that
this improved the course, ‘‘I mean, there’s nothing
blindness takes away from a professor’s ability to
teach that can’t be fixed with a little hand-waving and
a trusty TA with a computer. If anything, having a
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disability improves the class because it really forces the
professor to be aware of their teaching styles. It forces
them to care, and that’s more than I can say of some of
my able-sighted seeing professors. The effort and care a
professor puts into teaching a student is what makes a
professor good. I suppose this line of reasoning could
be applied to other disabilities as well’’ (Table S7,
Student 3). Other students were more emphatic in their
responses, highlighting the importance of creativity
and different perspectives. As one student remarked,
‘‘There should most definitely be more blind educators
in STEM. To me, STEM is all about creativity. It is
about approaching a problem from as many different
angles as possible. It is about thinking outside the
box. Blind educators bring a unique perspective to the
table. They may use alternative methods to understand
or explain something, which could be very useful to
students’’ (Table S7, Student 4). Other students used
Dr. Minkara as an example to broaden participation
more generally in STEM, ‘‘I do not think blindness is a
barrier that is too large for STEM. I am a deaf student
in STEM and can speak from first hand experience
that being disabled does not mean [debilitated]. Pro-
fessor Minkara is an excellent example of this as she is
one of the most intelligent and motivating people that I
have encountered at Northeastern (and in general)’’
(Table S7, Student 29). The two negative responses
acknowledged the possibility, but one student did not
feel it would be suitable for all courses, ‘‘I don’t think
all courses cater well to not being visually supple-
mented. I don’t think blind professors shouldn’t be
allowed, but I also don’t think they should be sought
after’’ (Table S7, Student 26). The other response felt
uncertain over the use of the word ’should’ in the
context of blind educators, ‘‘I don’t know if I would
say there SHOULD be. I think there can be and it’s
possible, but not like they are needed. I think the word
’’should‘‘ makes that a difficult question’’ (Table S7,
Student 22). The last student did not choose yes or no
but felt that blindness should not be the defining
characteristic, as they explained, ‘‘After taking this
course, I don’t think that blindness is the characteristic
I would emphasize when talking to someone about
prof Minkara. What I would emphasize is her char-
isma, her passion to teach and learn, her energy in class
and her desire to make everyone feel welcomed. These
are the characteristics that I think define prof. Min-
kara and that I think every professor should have. My
guess is that part of why prof. Minkara is so great is
that she decided to not let her disability to change her
life and dictate what she could do. So I think blindness
helped develop all of those characteristics. So, to an-
swer the above question, I would say there should be
more educators like Prof. Minkara, not necessarily

blind’’ (Table S7, Student 16). This sentiment was also
shared among many of the positive responses.

In Summary

Overall, the survey results demonstrate that students
generally had a positive experience in Dr. Minkara’s
course, reported being more aware of accessibility is-
sues, and were supportive of more blind educators in
STEM. Although many students had to adapt to her
teaching methods, the majority of students appreciated
her approach and felt more engaged than they had in
other courses due to the participation required for a
class that normally would not require it. However, this
approach did not work well for all students. A few
introverted students commented that they had diffi-
culty in participating. Thus, we acknowledge that there
are drawbacks to Dr. Minkara’s approach, however,
the reality is that Dr. Minkara’s classes have an
inherent need to be more verbal. Using this valuable
feedback, we hope to develop solutions to enhance
student engagement and improve student experience in
future courses.

NEXT STEPS

In the future, we aim to explore these tools that aid
in reading equations using speech-to-text software to
prepare accessible course documents. For example,
iBooks Author combined with MathType or the Daum
Equation Editor has shown promise in creating docu-
ments with accessible equations and text. We will also
explore Job Access With Speech (JAWS), a Windows-
based screen reader software in order to compare Mac
and Windows readers and the various math editor
tools available. We anticipate this will enable us to
streamline our methods to create accessible documents
for inside the classroom and beyond.

We aspire to further our exploration with the braille
notetaker to improve the lecture preparation process.
With the recent availability of new tactile-display tools,
such as the Graphiti by Orbit Research, graphical and
visual information is becoming more accessible to the
blind and visually impaired. These types of tools will
enable Dr. Minkara to rely less on access assistants for
verbal descriptions and become more independent in
preparing for lectures in future.

These are just a few examples of improvements that
will make teaching more accessible. We envision that
these new technologies will also increase the prevalence
of blind and visually impaired individuals in higher
education.
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CONCLUSIONS

In this work, we have demonstrated that students
learning from Dr. Minkara, who is blind, were posi-
tively impacted through their experience in her
Biomolecular Dynamics and Control course. Although
some students were initially apprehensive, particularly
related to visual aspects of both learning and the
course material, students largely demonstrated open-
ness and willingly adapted to a different teaching
method. As a result of Dr. Minkara adapting her
approach to make teaching more accessible, the
learning environment was more interactive, and stu-
dents felt they were more engaged and active in their
own learning. Many students also voiced sentiments of
being inspired as a result of this learning experience,
and overwhelmingly supported the idea of more blind
educators in STEM.

This process has also been a learning opportunity
for us in a number of ways. Just as there was not a
textbook for the class, there was not a ‘textbook’ for
how to develop and teach a course as a blind person.
We have begun to develop a toolbox for course
development and lecturing as a blind professor. Al-
though several improvement processes are still ongo-
ing, we aim to continue to develop our toolbox to
make a learning experience that is not just accessible
for one, but accessible for all. We hope that the stu-
dents have expanded their toolboxes too, both in their
knowledge of biomolecular dynamics and how to learn
from and appreciate people with different perspectives,
approaches, backgrounds, and/or abilities.

By sharing our process, we demonstrate that any
field can (and should) be accessible to anyone with the
right accommodations and modifications. We hope
that this will motivate society to be open to new and
different experiences and prompt the development of
new tools and techniques that makes education more
accessible. Because accessibility needs depend on the
people and content involved, we also hope that this
manuscript will encourage instructors to seek out and
develop creative solutions to the accessibility issues
that challenge their individual fields and styles of
instruction, which could have profound benefits for
both educators and students. Increasing the diversity
of educators will also encourage students to pursue
careers they may have never thought possible before as
a result of seeing educators more like themselves 45.

We still face challenges to make every aspect of the
process as accessible as it can be, especially with the
recent transition to virtual classes in the wake of
COVID-19, and there is no doubt that there are more
obstacles ahead. However, having experienced and
observed first-hand the benefits for both Dr. Minkara
and her students, we are driven to tackle them for the

benefit of all. This experience has shown that creating
an accessible environment and embracing diverse per-
spectives can have incredible benefits to education that
extends beyond a single Bioengineering course.

SUPPLEMENTARY INFORMATION

The online version contains supplementary material
available at https://doi.org/10.1007/s43683-021-00052-
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