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Physiology has been traditionally taught to physical therapy (PT) students from the
perspective of medical physiology. However, since physical therapists have established
themselves as movement experts in healthcare, it is increasingly appropriate for PT
students to learn physiology through the lens of human movement. During the early phase
of the COVID-19 pandemic, the transition to emergency remote education provided a
unique opportunity to reimagine how physiology could be taught in a virtual environment.
This article reflects on the creation and evolution of a movement-centered, online-friendly
physiology course designed specifically for PT students. The course's structure,
assessment strategies, and virtual delivery innovations are discussed from both faculty and
student perspectives. This dual reflection highlights how a novel instructional lens, shaped
by online delivery constraints, fostered meaningful learning outcomes that extended beyond
the virtual classroom.
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1. THE INSTRUCTOR'S REFLECTION

1.1 Developing a Movement-Centered Lens for Online Physiology
Instruction in Physical Therapy Education

The COVID-19 pandemic necessitated numerous changes in instructional delivery, including
the rapid transition to emergency remote education (Bozkurt et al., 2020; Hodges et al.,
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2020). For physical therapy (PT) education, which traditionally relies on in-person
engagement, this shift raised new challenges and opportunities. During this period, | was
asked to design and deliver a physiology and pathophysiology course for first-year students
in the Doctor of Physical Therapy (DPT) program, in an entirely online format. The virtual
teaching environment and perceived pandemic stress among students (Anderson and
Dutton, 2022), forced me to think of teaching physiology to PT students through a lens that
would be more engaging, relatable, and focused on the highest priority content pertinent to
serving as movement experts—out of these constraints was born the idea of movement-
centered physiology instruction.

At the time of developing the course, | was navigating both professional uncertainty—
maintaining my existing muscle biology research program while adapting it to COVID-19-
related priorities (Begam et al., 2020; Roche and Roche, 2020)—and personal grief
following the passing of my father. Thus, | experienced frequent anxious thoughts and
persistent self-doubt. Working with a counselor during this period helped me recognize how
my anxiety stemmed from a deep sense of responsibility—not just to deliver content, but to
do justice to the profession | love (i.e., PT) and the physiological function | consider sacred
(i.e., human movement). This realization reframed anxiety as a sign of purpose. Once |
embraced that, designing and teaching a physiology course through the lens of human
movement became a source of inspiration rather than apprehension (lrving et al., 2017;
Sutin et al., 2022). Purpose did not eliminate the challenge, but it gave the challenge
meaning, which | found deeply motivating. After exploring various approaches, my therapist
and | gravitated toward the dialectical behavior therapy (DBT) framework—an approach
originally developed for borderline personality disorder, but now recognized for its broader
applications in enhancing cognition and productivity. DBT's “wise mind” strategies integrate
the emotional and rational (reasonable) minds, fostering decisions that are informed by both
emotion and reason (Chapman, 2006; Vijayapriya and Tamarana, 2023).

Rather than teaching physiology as a generic course on various physiological systems, |
reframed the course around the central concept of movement being the integrative goal of
all physiological systems. This yielded four instructional blocks: Moving the Body (muscle
and nerve), Moving Materials around the Body (cardiovascular and pulmonary systems),
Fueling Movement (cellular respiration), and Decoding the Genetics of Human Movement
(gene expression and protein synthesis) (Fig. 1). These blocks provided a unifying structure,
which not only helped students contextualize information, but also mirrored clinical
reasoning used in PT.

1.2 Mentorship

Throughout the process of developing and optimizing this course, | drew support from
academic mentors, most notably Prof. Steven Fink, whose lecture notes, videos, and
feedback informed my approach. Prof. Fink's mentorship helped affirm that complex topics,
such as cellular respiration and genetics, could be taught clearly and confidently when
framed around the concept of purposeful movement. Ongoing support from Wayne State
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Block 1. Moving the Body. Focuses on how skeletal muscle produces
movement of body segments and the whole body. Mainly covers the physiology and
pathophysiology of muscle and nerve. Two lectures on muscle, and two lectures on

nerve. One practical exam at the end of block. ]. _
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Block 2. Moving Materials around the Body. Focuses on the cardiovascular and
respiratory systems. Mainly covers the physiology and pathophysiology of the heart,
blood vessels, and lungs. Also covers to a lesser extent, the immune, renal, and
hepatic systems in relation to the cardiovascular system. Two lectures on the
cardiovascular system, and one lecture on the pulmonary system. One practical
exam at the end of block.

Block 3. Fueling Movement. Focuses on cellular respiration and other aspects of
cellular metabolism. Mainly covers how macronutrients are converted into ATP,
which is then used as the currency to pay for active cellular processes, such as muscle
contraction. Also covers to a lesser extent, the endocrine, immune, hepatic, renal,
and gastrointestinal systems in relation to nutrition. One lecture. One practical exam

at the end of block. ® s = O e
- B T R S W
""" Eaies Ay : ‘g. \.’ \ ?L/_f - ) =

RN " a40n" ® "‘-"-'—-‘_- - TE :'\I_ _/‘MIH_"\— ‘}( i.“: == ﬁ g—'—_..
s 5 5% £ ©° fo I
=l = : = N
: =D

Block 4. Decoding the Genetics of Movement. Focuses on how information
stored in genomic DNA affects human movement. Mainly covers DNA, RNA,
chromosomes, genes, transcription, translation, amino acids, and proteins, as well as
the topic of inherited diseases. Also covers cancer genomics and vaccine biology.
One practical exam at the end of block.
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FIG. 1: Summary of the four blocks covering the physiology and pathophysiology of human
movement for Doctor of Physical Therapy students. Created in https://www.biorender.com/

University's Office of Teaching and Learning also contributed to the sustainability of the
model.
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1.3 Online Course Delivery Details

When this course was delivered fully online (2021-2024), instruction was through the Zoom
online learning platform (Zoom Communications, Inc., San Jose) (Carmi, 2024; Kikuchi,
2025). Zoom was and continues to be embedded within Wayne State University's default
web-based learning management system (LMS), CANVAS (Instructure Holdings, Inc., Salt
Lake City, UT) (Al-Ataby, 2021). The first cohort that took the course consisted of 36
students who were enrolled in Wayne State University's DPT program, which was and
currently is three years and four months in duration (curriculum overview in Fig. 2). Please
refer to the university's PT program website for most current information.

Since our DPT program resumed some hands-on instruction as soon as it was permitted by
federal, state, and university policies, all students chose housing that was within daily
commuting distance from campus. The course was part of the second semester of the first-
year DPT curriculum—the timing of this course in the DPT curriculum is to equip students
with foundational knowledge in physiology and pathophysiology before they start clinical
content (e.g., PT for orthopedic, general medical and surgical, neurological, and
cardiopulmonary conditions, PT modalities, etc.) and clinical rotations. The class met on
Friday afternoons from 1 to 4 PM—a detail | chose to mention, because, when the first
cohort of students that took this course graduated, they jovially shared how they had
dreaded attending a three-hour Zoom session on Friday afternoons—but, over time, began
to look forward to this class—mainly because of the movement-centered physiology lens
and its relevance to PT practice and health education. This type of live, web-based course
delivery was designated as “synchronous online” (Hung et al., 2024) in the syllabus,
according to university policies. All synchronous online sessions (i.e., all classes) were
recorded with Zoom's “Record to Cloud” option and posted in the Canvas site for the
course. After each synchronous online session concluded, the recording was stopped, and
“office hours” began.

Office hours are designated times during which students can meet with instructors for
additional discussion (Benaduce and Brinn, 2024). The discussions during office hours for
the course were mostly on course content or business matters related to the course [e.g.,
exam rubrics, study guides, exam roster (the order in which students would take a practical
exam), scheduling conflicts, etc.]. Typically, about five to eight students would stay on for
office hours. On occasions, during office hours, students would share interesting anecdotes
from their experiences as volunteers in PT settings, in connection to what they were
learning in the course—some of these anecdotes were incorporated into clinical case
scenarios, which were discussed later with the entire class. In addition to formal office hours
after class, students were invited to reach out via email to set up appointments to meet as
needed. As indicated in Fig. 1, after synchronous sessions within a block were completed,
there was a culminating verbal practical exam for that block, which had to be passed to
pass the course.
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Term

Key Courses & Credit Hours

Focus

Fall, Year 1. August -December.

Foundations of PT Practice (2), Basic
Patient Care (2), Surface Anatomy (2),
Human Neuroanatomy (3), Anatomy
Lecture/Lab (4), Physiology of Exercise

(3)

Clinical foundations, anatomy,
neurophysiology

Winter, Year 1.January -April

Clinical Applications | (1), Basic
Evaluation (3), Clinical Medicine Il (4),
Kinesiology (3), Pathophysiology (3)
[Course described in this
autoethnographic narrative], Motor
Learning (2)

Patient evaluation, movement science,
systems pathology

Spring, Year 1. May -June.

Growth & Development (2),
Pathokinesiology (3), Research I (2),
Teaching & Learning (2)

Lifespan development, critical thinking,
teaching

Fall, Year 2. August -December.

Clinical Applications Il (2), Therapeutic
Exercise | (3), Therapeutic Modalities
(3), Orthopedic Mgmt I (3), Neuro
Mgmt | (3), Research Il (2)

Intervention design, orthopedic and
neuro rehab

Winter, Year 2.January -April.

Ethics & Legal Issues (3), Orthopedic
Mgmt Il (3), Neuro Mgmt Il (3),
Cardiopulmonary Rehab (4),
Medical/Surgical Conditions (3)

Complex cases, professional practice,
systems rehab

Spring/Summer, Year 2. May -June.

Clinical Education I (3), Clinical
Education Il (3)

Full-time clinical placements begin

Fall, Year 3. August -December.

Therapeutic Exercise Il (3),
Pharmacology (2), Rehabilitation
Procedures (3), Research 11l (2),
Pediatrics (3), Management in PT (2)

Special populations, applied research,
leadership

Winter, Year 3. January -April.

Complementary Care (2), Orthotics &
Prosthetics (3), Geriatrics (2),
Differential Diagnosis (3), Diagnostics
(2), Clinical Decision Making (3), Health
Promotion (2)

Advanced practice, aging adults,
wellness integration

Spring/Summer, Year 3. May -June.

Clinical Internship | (4)

Intermediate full -time internship

Fall, Year 4. August -December.

Research IV: Practicum (1), Clinical
Internship 11 (8)

Capstone research and final internship

Fall, Year 4.

Pass National Physical Therapy Exam
(NPTE) to receive licensure to legally
practice PT in chosen US state
jurisdiction. Taken in October before
graduation in December if cleared by
the DPT program, or taken in January
of the following year. Six attempts
allowed over a lifetime.

Safe and effective PT practice

FIG. 2: Overview of the DPT program curriculum at Wayne State University. Created

https://www.biorender.com/

1.4 Verbal Practical Exams

To ensure that students had sufficient knowledge competence in physiology and were able
to apply their physiology knowledge appropriately to clinical contexts, verbal practical exams

n

were implemented for each block (Fig. 3). These exams were conducted on Zoom, where
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[ Student enters Zoom exam room at assigned time. ]
[ Proctor greets student and prompts them to begin. ]
Student introduces self and states visit purpose (1/5 points for professional
behavior).

v

[ Exam consists of 4 clinically relevant questions (1 point each). ]

}

[ Random case selected via virtual number generator (1 of 6 possible patient case }

scenarios).

[ Student answers based on study guide and course materials. ]
[ Topics are high-yield physiology concepts. ]
e 1 M

Study materials include lecture slides, Tortora A&P (16th ed.), and supplemental

notes.
‘ !

e N

Assessment is verbal, 5 minutes long, in virtual format.

- /

FIG. 3: Workflow for verbal practical exams. Created in https://www.biorender.com/

students were given a clinical case scenario, based on which they had to answer specific
questions.

An exam roster (order in which students would take the exam) was posted in advance. Up
to ten students were allowed in the Zoom waiting room. Students entered the actual Zoom
exam room at their designated time slot. The examiner/proctor greeted the student and
asked them to start. The student introduced themselves and conveyed the purpose of their
visit (e.g., “My name is , | am a student PT. | would please like to discuss
the medical information of a patient who has been referred to PT.”). The student received

one out of five total exam points, just for the introduction, to reward professional behavior.
The introduction was not only a way to emphasize the importance of professional behavior,
but it was also meant to ease students into the exam, which for most individuals was in an
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unaccustomed format—verbal demonstration of knowledge competence in physiology, in a
virtual environment, within a five-minute time window.

Following the introduction, four questions pertinent to the virtual patient's clinical condition
were asked and each question was valued at one point. Knowledge competence was
assessed on certain high-priority (what | call “high-yield”) topics that were highlighted in
class. At the end of the exam, students were told what their score was and if they had to
retake the exam. Retakes (second attempts) were individually scheduled and conducted the
same way as the first attempt. However, on a second attempt, the maximum score was
capped at the minimum passing score of four out of five, which was consistent with our DPT
program's policies for practical exam retakes. On occasions, students were asked to attend
remedial learning sessions with the instructor based on their performance on the first
attempt (e.g., if there was an indication that there were knowledge gaps in physiological
organization from organismic down to the molecular level, i.e., being able to distinguish
what happens in disease states at a whole body level and how that is related to
pathophysiological processes at a molecular level).

For each practical exam, students were given a study guide that listed six different patient
case scenarios with a set of four questions for each scenario. Students were directed on
where to find the necessary information in the lecture slides/notes, the course textbook
(Principles of Anatomy and Physiology, 16th Ed., by Gerard J. Tortora and Bryan H.
Derrickson), and notes and summaries to supplement the study guide. The specific patient
case scenario for each student was chosen by a virtual random number generator during
the exam (choice from one to six).

As part of the syllabus and practical exam rubric, students were informed that the practical
exams were open book, which meant that they could refer to their notes. However, students
were advised that questions had to be answered in a conversational style and that, due to
the five-minute time window, there would not be enough time to search for answers during
exams.

The four verbal practical exams were equally weighted and contributed to 20% of the course
grade. Take-home quizzes (one quiz after each synchronous session, open book, two
attempts per quiz, not timed, formative and summative assessment) contributed to 40% of
the course grade. In-class quizzes (one quiz at the beginning of each synchronous session,
open book, ten minutes, one attempt) contributed to 20% of the course grade. A cumulative
final written exam (open book, timed, 60 questions in 120 minutes) contributed to 20% of
the course grade.

The virtual format for verbal practical exams was not only logistically feasible during remote
instruction, but also uniquely effective. It encouraged knowledge recall and integration,
cultivated communication skills, and, most importantly, reinforced the value of physiology in
clinical practice. The exams demonstrated that assessment in an online setting could move
beyond multiple-choice tests to support deeper conceptual engagement and clinical
reasoning. Study guides, grading rubrics, and exemplar answers were posted online,
consistent with the principles of transparency in learning and teaching (Winkelmes, 2013).
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Student feedback consistently reflected appreciation for this format. Students reported
feeling more prepared to explain physiological principles to patients and peers alike. The
structure also provided the opportunity for individualized feedback, and reinforced purpose-
driven learning, which is consistent with educational research on motivation (Yeager et al.,
2014). After the first iteration of the course, in the qualitative feedback received through the
university's formal student evaluation of teaching survey, a student wrote: “Absolutely
exceptional professor. Please continue to do what you are doing for future cohorts. You
must keep the verbal practical examinations for this class. Testing one's ability to verbally
explain how the body functions and how it is dysfunctional is the perfect way to assess if
true learning has occurred.” Another student wrote: “/ really enjoyed the format of this class.
The virtual exams in this class forced us to really understand the content in a way that we
can talk about it, rather than learning to answer a multiple choice question. | hope future
students are able to learn as much as | did from this class.”

1.5 Sustainability of the Movement-Centered Physiology Instruction
Model

Having just completed the fifth iteration of the course (the first in-person version), the course
continues to evolve. Although originally designed for remote delivery, several online
components, such as verbal practical exams and asynchronous review materials remain in
use despite transitioning to in-person instruction. These online components have proven
effective in supporting diverse learning needs and accommodating flexible instruction.
Feedback from multiple cohorts has been used to refine content and assessments. Student
success on PT license exams and in clinical placements suggests that the movement-
centered approach, augmented by online modalities, resonates beyond the virtual
classroom (highlighted in the student reflection that follows). The framework that involves
movement-centered physiology instruction with the flexibility to be delivered fully or partially
online could serve as a curricular model for integrating physiology and clinical reasoning in
PT education across varied instructional settings.

1.6 Tips for the Online Educator

The biggest lesson | have learned from teaching movement physiology in an online
environment is that verbal exams are better indicators of knowledge competence than
multiple-choice written exams. Additionally, in my experience, the gravity of having to pass
verbal practical exams to pass the course encouraged students to be more attentive and
focused when high-yield information pertinent to practical exams was emphasized in class.
Emphasis on verbal testing also appears to be gaining support to counter threats to learning
and academic integrity that might arise from the abuse of artificial intelligence programs,
which could be an even greater concern in online instruction (Fenton, 2025). Having a small
class size of 36 students was certainly a plus when it came to verbal practical exams.
Feasibility would be a concern with large class sizes.
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Another important lesson that | learned was that focusing on a few high-yield topics and
ensuring that students gained a thorough understanding of those topics was effective in
helping students extrapolate that information deductively to other topics. In the past, for my
other courses, | used to try to cover a much larger set of topics per lecture/lab. However,
online teaching has helped me learn how to prioritize the highest-yield content first, and
then use that mastered content to understand other important related topics.

Finally, | have learned that students do learn how to cope with the demands of rigorous
verbal practical exams. When they learn to successfully navigate high-stakes, high-stress
verbal practical exams, they usually start doing better in other courses in the DPT program.
A former student once shared how the physiology verbal practical exams had made that
student stronger and more confident in other PT-technique-related practical exams. Similar
sentiments are expressed in the student reflection that follows.

2. THE STUDENT'S REFLECTION

2.1 The Background

If you understand the basics of a subject, there is very little you will need to memorize
(Bransford et al., 2000; Roth, 2013).

| think Dr. Roche (who goes by “Roche”) had this at the forefront of his mind when he
designed a physiology course that set me and my student cohort up for future success. |
took Roche's physiology and pathophysiology of human movement course
(“pathophysiology”) as a first-year student in Wayne State University's Doctor of Physical
Therapy program. We learned about human movement from the molecular level up through
the level of organ systems. In our other courses, we were busy learning different techniques
required to be physical therapists, but pathophysiology taught us the basics of how the body
works to make safe, purposeful, and enjoyable movement a possibility and priority.

2.2 Practical Exams

The course was unusual in that we were tested via verbal practical exams. | found a few
distinct benefits to this setup. The first was that it helped prepare me to speak on the subject
of pathophysiology with my patients, which for me was the most practical and direct
application of the course. It also forced me to adapt my study strategies, accommodate
change, and be able to think on the fly. PT school requires a major shift in learning
strategies from those that help us find success as undergraduates (i.e., bachelor's degree
students), to those that will help us with long-term retention and practical application.
Throughout my DPT training, | did quite a bit of tutoring and noticed that the students who
struggled most seemed to be the ones who had the most difficulty with this change.
Preparing for verbal exams in my first year helped me change my study strategies from
memorization to understanding, which served me well through the rest of the program,
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during my National Physical Therapy Exam (NPTE) preparation, and as a practicing
therapist. The NPTE is the U.S. PT license exam, which must be passed close to or after
graduation to obtain licensure in the chosen U.S. state jurisdiction—the maximum score is
800 and the minimum passing score is 600. The verbal practical exams also helped train
me to keep my composure when asked challenging questions, which was useful during
practical exams in other courses, as well as while working with patients.

2.3 Emphasis on Foundational Concepts through the Lens of Movement

For me, pathophysiology provided a set of building blocks upon which | built my knowledge
of other conditions as | went through the DPT program. | understood spinal cord injuries
because | understood the physiology of the spinal cord. | did not have to memorize various
cardiopulmonary conditions because | understood the cardiovascular and pulmonary
systems and how dysfunction in various areas could affect them. When it was time to review
these concepts before taking the NPTE, | could refresh my memory by thinking of the
pathophysiology content we learned and using that to reason through the different
diagnoses and treatments. Roche helped us revisit many of these concepts through his
Pathokinesiology and Pharmacology courses later in the curriculum.

2.4 Simplifying the Complex Based on the Ideas of Moving the Body,
Moving Materials around the Body, Fueling Movement, and Decoding the
Genetics of Movement

Roche did an admirable job of sorting through the complexities of molecular biology,
genetics, and physiology to pull out the most important nuggets that would help us later on.
We do not need to know the nitty gritty details of cellular biology to be good therapists, but
we do need to know enough to recognize and understand the pathologies that affect the
individuals that we treat. Even now, four years after taking pathophysiology, and working as
a practicing therapist for over a year, | mentally refer to what we learned in pathophysiology
when faced with a challenging patient presentation or a new diagnosis. When | encounter a
problem that does not yet have enough literature around it, | can use foundational
knowledge and treat safely and effectively.

2.5 Health Education

As much as this course helped me understand the pathophysiology of human movement, it
also helped me to provide education to my patients. Understanding pathophysiology helps
me to educate my patients confidently, which builds trust and rapport. While every patient
does not need a pathophysiology lecture, the ones who are interested appreciate the depth
of education | can provide. In addition to patient education, | also think pathophysiology
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trained me to be more confident when | interact with fellow healthcare professionals and
administrators.

2.6 Closing Remarks

We must understand the basics. We cannot call ourselves experts in human movement if
we do not fully understand how movement is accomplished and how it becomes
dysfunctional. For me, Roche's pathophysiology course was one of the cornerstones in
acquiring, retaining, and applying knowledge on the physiology and pathophysiology of
human movement.

2.7 Additional Note on the Student's Reflection

On the NPTE, the student secured a full score of 800/800 and her entire cohort passed on
the first attempt (i.e., a 100% first-time pass rate). Typical first-time pass rates may range
from 86 to 93% over a ten-year period (Dickson et al., 2020).
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