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Innovation in Medical Education

SHORT COMMUNICATION

Innovation in Medical Education: Teaching Medical Devices
via Curricular Co-Creation

Background: Teaching medical devices presents the pinnacle of
interdisciplinary educational efforts. To thoroughly cover this
complex topic in a single course, it is required to encompass the
principles of science, engineering, biology, medicine, pharmacy,
economy, politics and humanities, all under one hat. Challenges
faced by educators in the attempt to accomplish this naturally call
for the exploration of innovative pedagogic strategies to be
implemented in teaching this extremely broad subject.

Method: Here I share with the readers a new instructional method
I devised after a decade of coping with these challenges. The
method is based on collective in-class presentations and
discussions centered around the hierarchy of Bloom’s learning
taxonomy and the students’ individual choices of medical devices
for elaboration and analysis.

Results: The method was overwhelmingly well accepted by the
students, who have expressed a statistically significant preference
for it over the traditional didactic method involving the instructor’s
own choice of the material. Specifically, their mean (SD)
satisfaction with teaching on the scale of 1.00 — 5.00 increased from
3.89 (0.78) for the instructor-centered didactics to 4.55 (0.82), 4.88
(0.34) and 4.91 (0.30) for this new pedagogic model implemented
in the semesters of Fall 2021, Fall 2022 and Fall 2023, respectively.
Conclusion: The method shared here is particularly well suited for
audacious instructors who feel comfortable improvising the topics
and those who are broadly educated and well versed in a variety of
subjects.

Keywords:  Biomedical ~Materials, Bloom’s

Engineering, Medical Devices, Medicine

Taxonomy,

bl (31 yb 51 (S5 b olwd (5900 1 Sud 31 93901 5 (659155
S Sle (o3 4l

sl o ohjoel sl I gl (Kb slo olSad hjgel 18R g iae
1S o o3 g 093 Sy 3 oz ona ol Sl oy sl md oo 1)1y
pole 5 Comlew b8l (ilug)ls (KB ¢ oolid Com (udite pole Jpol
pbl gly M ) luyde a5 oo il 04 onluS yix S 15 50 dad o Sl
Slr Slgly ajgel slaspenly ) (B9l 4 Sl linelo citan d2lge (L yol

DI 03,5 s 9250 ol G256l 512
Ol ol b gy 485 Sl ) st 3590l ) Ll 3 3009
lacon g ol (e gy cul oIS (o STl 4 GBI b epa)S gl s
ol 5 pol 653k satdib ol dhbo Jg 4 Gl Lo 53 ran
P95 oo Sl o g 405 9 sl slp (b b ol Jl pbgeily 63,8

T Slagmdils b &l (i b (s 4 (sl o ol AL
ol Jolis o i 94T g &2 o g0l Jho () sl (55 ime ()]
2 oy gbgisly (SD) colsy ke 13,8 jll ccasl dlge I ywyte 355
(0.82) 455 & yymeiyia Lijsel sl (0.78)3.89 315.00 — 1.00 ulia
<l il (0.34) 4.91 4 (0.34) 4.88

Oloyte sl Logasia g e 318 Szl o bl 5o o g, 26 5 doesl
s 4 & S8 g WS e o]y poles] Dlegise (silbpanly 3 o jgue
sl Cuwlio it Ll o5 4y 9 03)S Juuand alisie Clegdge 43 03 s
(B3 3 it sl (sogignSh oSy Can Jlso 155 (W 031y
Silog)ls (S

FMEJ

bl L] UN5 oo dedall 8502 Y1 a5 2l ealsd) § Sl
SR dewl )

Sousie dusulstll dgandl ded dubll B340Vl Ly Jig didlsd
O ey Bty By93 & ol SSay st g go9b i dybaser) . Oolaasadl
Luludly sLadVly Pupally Cally sloVlg dusglly polel tgolee Jads
Ogalseh! laazlsy Ul Oldod] O] Busls dwd Cuod ylSs dilusyl pslslly
Loy 5 Oligedl il BlaSal Jlodl drudny (s eld udios Dsgloxe §
B zulsl g sdshl 1ie uyas § LodedS el §,50s
Se Sl dmy 935l Shgue deaddss A b o8l me Lis Ll iy i
Olslbly Lgainl oo, e diy )l datss . Slusall ode ge Jeledl
pob el ol dudwddl s yomas s hadll J2ls dislosdl
eloetlly prabgrl! Ludall 83020 (MLl 3,401 Gl)lasYls elsal)
Jedads e Igne udll (oMl US oo 1 Yod &y, hall o C3Y rpslad!
sl e gohd U Ludidl dpaddsdl diy lall o L) ddlas] Vs g3
o sl oo Ml Loy Jawgie @i%l wdodll dos e Bolel) elwlf
olebl s 5S35 Gl audsd) Lilug! (0.78) 3.89 (50 5.00 ] 1.00 (e elide
el 59971 zSgaill 1ig) (0.30) 4.915 (0.34) 4.88 5 (0.82) 4.55 J]
s e 2023 Cagyo9 2022 Ly 29 2021 Ly 5 Jgiad & LodidS g
el ols U dielie La gSilie g I iy lall ot
e Iskas ol ddsly mealsbl Jlady) § dolll 0gmdn gald) oaed!
Zedlghl g degiin degame Sz ilyd Jog guly pulss
554291 duaigll pol il dygd dedall dlskl i liall Ciledsl
Yogall dall doat

s S eV b isd S 055 ol 1 s a5 b

sz ol -y £ 8 08 omla ] s S VT b s e
Sl gl o ST S8 Al b o e S 2 S S g
o 2oy S S ol S el ) el i )b b il
b s S oS e e S (S S8 L S o - s US Jels
o CuSo gyl e ) 5 oy S G peae s Sl ]y sb b
o S8 ~dlle 5 25 S

ok of B o s 0t o e b ey 5 Sl S 0800 e ol 1al b
ey el e GV b WS s a5 S S S e
woloy ol iy msd S B w23 (S S S ok 2 ot e 0sle sl
c 3538 S bl el S Wb S oWl b o S s

S ol Suswr WSS s oy ysb sy o S (S HWb S A b ol s
5o 18 S il oo o = WS LB S @l o) o Blod S s ialas] )
ol o oy oy 55,00 - 1.00 b ool o ol Slssl W) S
(0.82) 4.5 5 23 —a (0.78) 3.89 ) 5 Jslo 5 ol gligabl (SD) dans!
1 2022 5 2021 i mpe il S 5 (0.30) 4.91 1 (0.34) 4.88
USLS ST oo 5 s 52023 15

# o wis o) Sl ke ol sk ol Ab S LS A8 ol s
S a3y ey s 52 5l et S s T e iy 1 S ey
- 55 Sl e eelian ks ol

Aoy el b Sl gy s (S sk olse JSGhenl 1B aglles
)8

14;3 mums.ac.it/j-fmej September 20, 2024 45


https://fmej.mums.ac.ir/?_action=article&kw=56669&_kw=Biomedical+Materials
https://fmej.mums.ac.ir/?_action=article&kw=56670&_kw=Bloom%E2%80%99s+Taxonomy
https://fmej.mums.ac.ir/?_action=article&kw=56671&_kw=Engineering
https://fmej.mums.ac.ir/?_action=article&kw=56672&_kw=Medical+Devices
https://fmej.mums.ac.ir/?_action=article&kw=3099&_kw=Medicine
https://fmej.mums.ac.ir/?_action=article&kw=5185&_kw=Pharmacy

FUTURE of MEDICAL EDUCATION JOURNAL

INTRODUCTION

Medical devices exist at the intersection of numerous
disciplines and no course in any natural sciences
curriculum can compare in its breadth to that on medical
devices. To elaborate on the operational principles,
biological effects and regulation of all medical devices
requires a combination of knowledge from the fields of
medicine, engineering, biology, physics, chemistry,
pharmacology, sociology, political economy and numerous
other subjects and disciplines. Because of this distinct
interdisciplinary nature of medical devices, students
attending courses on them come with a variety of
expectations: students in engineering are most interested in
acquisition of hard science and practical, know-how concepts
implementable in the design of devices; basic science
students would like to learn about how fundamental physical
and chemical principles can be implemented in materials and
devices that help save lives; medical students wish to learn
about the types and modes of applying medical devices in
clinical and other point-of-care practices; pharmacy students
tend to find knowledge on devices for drug administration
and delivery most useful; programmers wish to learn how
and where to apply their computational knowledge for
medical ends; social scientists want to know more about
regulation and socioeconomic repercussions of the
healthcare industry centered around medical devices; and so
on. To live up to the expectations of each and every student
requires a colossal instructional effort; it also calls for the
introduction of innovative methods of instruction.

METHODS

After over a decade of teaching medical devices, first at a
public R1 university, then at a private school of pharmacy and
currently at a California state university, I devised a method
of teaching medical devices that engages students in co-
creation of the curriculum. Accordingly, each student selects
up to three medical devices of their choice and elaborates on
them in three different presentations. This triad of
presentations is structured so that their contents gradually
ascend along the hierarchy of Bloom’s learning taxonomy

" Evaluati ng

Analyzing

Applying
Understanding

Remembering

(1), as formulated by Anderson and Krathwohl (2,3) (Figure
1). Correspondingly, students initially present on medical
devices of their choice, describing their medical purpose,
modes of operation, history and socioeconomic aspects of
their use. Each student presentation is accompanied by
meditations on problems associated with the respective
devices aided by literature search, which introduces the
students to the second set of presentations. For those, they
select individual research papers of choice to learn how other
researchers have solved challenges in medical devices
through innovation. Finally, for the third set of presentations,
the students select a problem in a medical device and
propose their own research approach on how to solve it. This
provides students with a training in innovative, creative
thinking, complementing the emphases on foundational
knowledge and critical thinking from the preceding two sets
of presentations.

RESULTS

Student response — how was the method received?

The analysis of student feedback surveys distributed at the
end of the semester showed that the student satisfaction after
attending a graduate course on medical devices
implementing the co-creational model of instruction was
higher than after attending a graduate course on the same
subject centered around the instructor’s choice of the
material. As it can be seen from Figure 2, the mean (SD)
student satisfaction with overall teaching increased from 3.89
(0.78) for the instructor-centered model to 4.55 (0.82), 4.88
(0.34) and 4.91 (0.30) for the democratic, co-creational
model of instruction implemented in the semesters of Fall
2021, Fall 2022 and Fall 2023, respectively. Simultaneously,
the difference in student satisfaction between the two
pedagogic models increased from the borderline statistical
significance of p = 0.1094 (> 0.05) in year 2021 to
conventionally exceptional levels of statistical significance of
p = 0.0003 (< 0.05) and 0.0011 (< 0.05) in years 2022 and
2023, respectively. This increase in student satisfaction
attests to the propensity of the proposed instructional model
for steady and spontaneous improvements during its
repeated implementation. Contrary to traditional didactic

Presentation #3: Creative

Presentation #2: Critical

Presentation #1: Foundational

Figure 1. Schematic representation of the correspondence between the hierarchy of Bloom’s taxonomy of learning and the
instructional model based on a triad of student presentations made successively during this innovative course on medical

devices.
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models, which can tire the instructor through the repetition
of the same or highly similar material in the same manner
year after year, thus lessening the enthusiasm and the spark
in the classroom, the improvisatory nature of the model
proposed and elaborated here ensures that teaching
becomes like wine: the tastier, the more seasoned it gets.
Assessment — what can the student grades tell us?
Student satisfaction is intimately related to the assessment
strategies and lenient grading often leads to positive student
responses. In the course implementing the innovative
instructional method reported here for three years in a row,
the mean (SD) student grades on the scale of 1 to 4, however,
dropped from 3.866 (0.352) in 2021 to 3.848 (0.306) in 2022
to 3.776 (0.230) in 2023. The fact that this drop was
accompanied by an increase in the student satisfaction serves
as an evidence that the characteristics of the instructional
method, not the assessment, had the decisive effect on
producing the positive response amongst the students. As for
the concrete assessment strategy implemented, it adopted
the same improvisatory attitude that is generally required
during the instruction, given the unpredictability of the
content evolution. It was based on 100 % participation,
which included attendance, activity during discussions, the
quality of presentations and the innovativeness of the final
idea, requiring unsatisfactory performance with respect to
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Figure 2. Overall student satisfaction rated on the scale of 1 to
5 for the graduate course on medical devices delivered by the
author using a didactic method predominantly based on
instructor-centered choice of the material and lecturing versus
the same course delivered in three different semesters using
the democratic didactics elaborated here, involving the student
choice of the material and three sets of presentations relating
to the hierarchy of Bloom’s learning taxonomy.

The instructor, i.e., the author, and the general subject of the course
were the same for each sample group, while different cohorts of
students at different universities were compared and topics
addressed within each course were subject to change given the
students’ freedom to choose them. Individual bars for the
instructor-centered and the democratic didactic model represent
means obtained through 7, 11, 16 and 11 responders (left to right),
while error bars represent standard deviations. Two-tailed p values
obtained in an unpaired t test denote the level of statistical
significance of the difference between the pairs of sample groups
connected by the line. Asterisks next to the p values denote the
surpassing of the conventional threshold for statistically
significant difference (p < 0.05).

two or more of these criteria before it was reflected in grade
reduction. This improvisational nature of the course, making
it uncertain for everyone which content will be exposed from
one moment to the next, is something that requires the
adjustment of the students’ frames of mind and expectations.
Any of them who are accustomed to exceedingly structured
classes must leave this rule-ridden zone behind and find
comfort in open-endedness and stochastics that accompany
intellectual freedoms disseminated by a course like this at its
every level. Besides, to lose the ground under one’s feet can
be unsettling, but this is what flying is all about.

What lessons were learned ?

A new, co-creational method of instruction was devised and
tested in a medical devices graduate class taught at San Diego
State University between 2021 and 2023. The students have
been overwhelmingly in favor of this democratic, co-
creational model of instruction. Their satisfaction with
instruction after attending a graduate course on medical
devices implementing this new model of instruction was
higher than after attending a graduate course on the same
subject delivered by the same instructor and centered
around the instructor’s personal choice of the material for
study. Specifically, their mean (SD) satisfaction with teaching
on the scale of 1.00 — 5.00 increased from 3.89 (0.78) for the
instructor-centered didactics to 4.55 (0.82), 4.88 (0.34) and
4.91 (0.30) for this new pedagogic model implemented in
the semesters of Fall 2021, Fall 2022 and Fall 2023,
respectively. Simultaneously, the mean (SD) student grades
on the scale of 1.00 — 4.00 decreased from 3.87 (0.35) in
2021 t0 3.85 (0.31) in 2022 to 3.78 (0.23) in 2023, indicating
that the innovative pedagogic method implemented and not
specific assessment strategies and criteria in place was
responsible for producing the positive impression among
students.

DISCUSSION

One prerequisite for the successful implementation of an
inherently democratic teaching method like this is that
everybody’s opinion is accepted as equally relevant and
influential. For this condition to be satisfied, anything that
reinforces the superiority of the instructor and the
inferiority of the students must be obliterated, starting with
the power to judge and grade the student performance that
is being handed to the instructors by the university. Among
many other negative effects that it produces, grading
misleads students into thinking that knowledge is
quantifiable and prepares them for the careerist rat race
awaiting them beyond the bounds of the university. In fact,
had grading not been mandated, I would have never used
it in my teaching endeavors. One major reason for my
aversion to grading is that every assessment imparts
artificial authority onto the instructor and deepens the gap
of mistrust posed between him and the students. On the
other hand, student satisfaction can never be a good
indicator of the true quality of the instruction. If the truest
pedagogic objective is to inspire the students to discover
something extraordinarily beautiful in the subject and
perhaps dedicate their lives to exploring it, then the quality
of teaching will always remain a mystery to all.
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It goes without saying that many instructors get their kicks
from taking the stance of authority in the classroom by
policing the environment and creating a system where the
students are motivated to work not for the sake of their
personal progress, but mainly to satisfy the expectations of
the teacher. My goal has been humbler in some respects,
but also grander and more difficult to achieve in other ways.
The goal, namely, has been to inspire the students, to incite
their wonder, to make them fall in love with the subject, to
open up a whole new window to the world before them,
but also to humanize their knowledge in lieu of
transmitting the mere know-how. Rather than establishing
an authority and then preserving it by all means, I have
worked hard to topple it the best that I can, as every
anarchist at heart ought to do. This has required the
elevation of the students’ confidence when they sink and
want to be led like sheep, but also a constant striving to
lower myself before them until the condition of equality is
reached, like that idealized by Martin Buber in the form of
a relationship between an I and a Thou (4). It requires a
colossal effort to accomplish this and ensure that no formal
expectations of the institution or other stale professional
standards interfere with the human in us and that we continue
to engage in a relationship with every other human, from a
toddler to a professor emeritus, as our equal.

In all, T am convinced that there is a room for humanities,
metaphysics and poetry in science classroom and have made
sure all throughout my career as a teacher that this room
remains bountiful and well-watered.

CONCLUSION

The students’ active engagement in creating the curriculum
notwithstanding, they still benefit from the instructor’s
ability to maintain a unified structure to the curriculum by

connecting the diverse subjects of discussion into a coherent
whole. One extraordinary feature of this pedagogic model is
that it is a living one, changing perpetually from one lecture
to the next and from one semester to the next, immersing
the students and the instructor alike into a state of undying
suspense. Through the exposure to this method of teaching,
the attention of the students is being tuned to that of a
constant receptiveness to surprises, which would prove to be
of benefit for their extramural endeavors in later professional
careers. The living, improvisatory nature of this method of
teaching ensures that limitless variations to it can spin off
from its further implementations in the classroom, as it was
the case with the flipped classroom model elaborated earlier
(5). This has been the primary motivation for sharing this
method with the readers and the pedagogy peers on this
occasion. In other words, fellow academicians are
encouraged to implement this original method in their
classrooms as well and create their own variations on it. If
they decide to engage in this adventurous endeavor, they
should never cease to improvise the content and the delivery
style so as to remain true to the foundational features of the
method at hand.
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