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Abstract— Medical device design entails the fundamentalintroduced. Online education has provided a multitude of
concepts of determining a need, understanding theiskased job opportunities, knowledge and increased skill smtthie
state, identifying a market and stakeholders while world’s population[4]. For the adult learner with ctvamts
considering the limitations imposed by the FDA, intllectual such as their job, family obligations or campus distatiee
property and reimbursement agencies. While this carbe online platform becomes the ideal solution for life-long
difficult to convey in a traditional classroom seting, it can be learning [4].

ev‘f.n more challzla_nging when con\_/eyli_ng dthis Anformaqh Despite the large transition from traditional to online
O'?tl'?'e' Sotme tﬁ” Iné courses as\e/.t;]”‘ir']”e t")dl ave giier cjasses, there are still some hurdles that have caused
atiriion rates than on-campus. With the rapidly growing - njyersities and colleges to not fully adopt online lezgni
innovations in the medical field, many students frm various This is due to factors such as the higher attritioesrat
Bﬁgg?;?::gﬁ ﬁ;‘v(\j/ tongzjgirsn ah?r:/: dice?lhg\év\?icemt'?'ﬁissttj d Inexperienced by online courses [4, 5]. Attrition rates have
introduces intgeractive techn?ques used to succeéﬁjudelive)r/ shown to be higher in distance leaming courses than their
. : : : ; d traditional face to face counterparts [6]. This maylbe to
an online medical device design class while usingudent issues such as: time managerewent [V\]/orkload ifolatlt)n fe

engagement approaches. Student performance in coers .
coﬁte?]t discuspspion threads and APBET outcome ¢ wasy the OF‘".”e student, lack of student engagement or the
! evel of difficulty [4, 6, 7].

assessed before and after these strategies were letpented.
Results of this study have found an increase in stent  Student engagement and learner centered approaches
performance and participation after integration of these have been shown to improve the attrition rates in distanc
methods. learning classes [8]. Both techniques are used for both
traditional and non-traditional delivery mechanisms and
Index Terms— medical device design, online teachinghave demonstrated success over various curriculums. Some

student engagement approaches. of the basic principles are methods that include: (1)
establishing a curriculum that is designed for learning and
Introduction is well thought out by connecting students with topics that

) ~_are relevant to their interests and overall goals (Hticrg
_According to the Bureau of labor and statistigheaningful assignments where students see the value;
biomedical engineering is one of the most rapidly growi@idents should be given assignments to solve real-world
fields in comparison to other engineering disciplinggoblems with greater context (3) building relationships
Biomedical engineers are projected to have a 27% \@th students [9, 10].

growth between 2012 andk 2022 [1]. 'ﬁollﬁges angy e to the high interest in biomedical engineering, many
universities are trying to keep up with the rapighyineering schools have developed medical device design

development and innovation in the medical field BY ses for the non-biomedical engineer. This course is
equipping graduates with the necessary skill sets to ke cally provided as a course for a certificate prowgaor

successful engineers. Numerous undergraduate progi@M$aciive for other engineering majors that may be
have been developed and accredited in the past 20 yeaiSested in learning how to develop a medical device.
Since January 2015, there have been 92 accregiefles introduced explore the various constraints involved
b!omedmal/bmengmeermg programs alone. Due to .in>their design process, with include: FDA regulations,
high demand and growing industry, students from varioUgnh rsement, and physiological limitations. In this paper,

disciplines have also shown interest in acquiring gradygie i jementation of student engagement and learner

degrees, certificates or taking electives in biomslditeered approaches are used to develop an online medical

engineering. . ) . o device design course and demonstrate the efficacy of using
To keep up with the increased interest in biomedisath methods to potentially increase retention ratéaeonl

engineering, universities have been transitioning framd improve student learning outcomes.
traditional face-to-face classes into fully online, blended,

web-facilitated courses to maintain a competitiveeedd
make classes more accessible to the growing, diverse
student populations [2]. Increasing the availability ofranl
engineering degrees can potentially increase the nuafiber The medical device design course is administered
qualified employees in the workforce [3] which may in tupver a 14-week academic period online and is available to
produce better innovation as new perspectives s@gior and masters level students. The course introduces

METHODS
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students to the fundamental concepts associated wifPaired t-tests were used to investigate if statistica
developing a medical device. The course objectives wdifferences were demonstrated after student engagement
the following: 1) identify methods and strategies to comaetics were used. The average of three exams were
up with a medical need 2) determine the diseased statecangbared amongst the four semesters. Each exam was a
treatment options of an identified need, 3) determine nidtiple-choice exam that assessed the course learning
diseased state and treatment options of an identified, n@bjectives. A statistically significant increase wasvatio

4) discuss regulatory and intellectual property basicsb&pween the Fall 2015 semester (prior to using student
construct a market analysis and business model. engagement approaches, p=0.03, M= 86, SD= 8.1) and the

These learning outcomes were assessed using three ek@ths2017 semesters (p=0.03, M= 93.2, SD= 8.9). A
weekly discussion topics and a final project that entaififference was also observed in the Spring 2017 semester
writing a grant to ask for funding. In this study, the etffés well shown in Figure 1.
of student engagements techniques was examined before
and after strategies were implemented. Student
performance in examinations, discussion threads a~~
ABET outcome c (the ability to design a system
component, or process to meet desired needs witt
realistic constraints such as economic, environment:
social, political, ethical, health and safety,
manufacturability and sustainability) were investigatec
Student performances were assessed Fall 2015, n= 11
Spring 2016, n=10 before any pedagogy was used. Afi
implementing student engagement approaches into 1
curriculum, student performances were assessed in
Spring 2017, n= 13 and Fall 201, n= 15. In all fou
semesters, less than 10% of the students were busir
majors and the rest were engineering majors from vario
disciplines. Student engagement approaches includ
enhanced components to the course as shown in Table
TABLE 1.
STUDENT ENGAGEMENT APPROACHES

M Basic approach

1]

Fall 2015 Spring 2016

Student-centered

85

Exam Average (%)

80

s

70

Spring 2017

L’igure 1: The mean +/- the standard deviatiorll tfieee exam averages
before and after student engagement approachesmgemented into
the course.

Student Engagement Approache The weekly discussion threads were initially

conducted by asking students to answer a question

pertaining to the topic being taught for the week. For

1.Building toward an end goal This approach we . . ; h
areng ow 9 s 2pp o example, if the topic covered was a marketing analysis, a

implemented by giving several small assignments iiogd

up to a final project. These assignments were coems of
the grant proposal that was assigned as the fingjeqd.
Students were reminded several times in announdsmem
the syllabus and throughout the semester thatrtiie gas the
end goal.

. Discussions on “hot topics” and current events in eekly
threads. This strategy peaks the student's interest
discussion topics that are both relevant to therssowand
society. This engagement approach makes studesitenfee
connected to the courses’ contents.

. Using technology to enhance learningStudents were give
the optional choice to listen to entrepreneuriadqasts. This
engaged students through the technology avenue.e
students enjoyed podcasts outside of class and inteigued
by the new content introduced in this course.

. Finding their passion and solving a real-world protem.
By asking students thought-provoking questions destts
were able to identify a medical need they felt pasgte about.
As a result, they were more motivated to come uth i
solution to a real- world personal problem.

guestion such as what type of marketing strategy would
you use to analyze your medical devices market? Grading
rubrics are outlined in Table 1l. When observing the impact
student engagement had on the discussion threads, after
adding podcasts and “hot topic” questions, a significant
increase was also seen in discussion thread performance
bg=0.01, M= 86.5, SD= 7.5 in the Fall 2015 semester and
M= 95.3, SD= 7.6) Students increased their average by
approximately 10% after these techniques were utilized.

To determine the overall effect on ABET outcome
c, “the ability to design a system, component, or protess
someet desired needs within realistic constraints such as
economic, environmental, social, political, ethical, Itiea
and safety, manufacturability and sustainability”, thelfina
grant project was used for this assessment. Studeats w
assessed on a scale of 1 to 4 with 1 being unsatisfatidr
4 being exemplary. No statistical differences were
demonstrated before and after the pedagogy was
implemented into the course. However, the average scores
were above 3.0 consistently throughout the semesteiss. Th

h

RESULTS

was considered to be satisfactory for the course.
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TABLE II: In this course, students were asked to complete various
DISCUSSION POST GRADING RUBRICS USED FOR assignments throughout the semester that were negessar
ASSESSMENT OF WEEKLY POSTS. for the final project of the course. The goal of theigrt

was to develop a medical device and write a grant téoask

Online Discussion Grading Rubric R . f
9 funding from an investor. Students were given a clear

Performance 0 1 2 3 message as to what the end goal of the course is which is
Criteria shown in Figure 2. This was implemented as one of the
strategies by introducing this in the first week lafss, on
Delivery Poor spelling | Minor Acceptable | Excellent | the syllabus and in periodic announcements.
and spelling and | grammatical | usage of
grammatical | grammatical | usage and sentences
mistakes in mistakes. delivery of and
post. post. structure.
Topic Post does Response Acceptable | Excellent
relevance not relate to | has minor relevance to | connections
the topic relevance to | topic. and
question topic. relevance to
posed topic.
Contribution Does not Makes Contributes | Contributes Understand Boundaries
to the make effort | minimal to topics in | to topic
discussion to contribute | contribution several using
topic with additional to the instances several Be the Expert
d knowledge. discussion using examples,
primary topic. examples or | studies, and
response content content from Find a Need and Be the Expert
from textbook.

textbook.

Quantity of Responded | Responded Responded | Responded

responses one time. two times. three times. | four or more | Figure 2: Sequential flow of how the course is administe&iddents are
times. introduced to the concept that their end goal estofor funding. Each
Initiative o Does not addl Adds Titfle Adds at Adds many assignment builds on the other to achieve the §jpal.
peer any value. value in their | least two instances of
response. valuable value to o .
responses points or peer 2. Keep students engaged with “hot topics” and weekly
examplesin | response. | thought-provoking questions Each week students were
:gg'pfonse asked to discuss topics that are outlined in the week but

with a twist. For instance, when discussing topics suich a
reimbursement, questions were posed from current events.
For example, how will the health care bills being passed
DISCUSSIONS the government affect your medical design? Suggest an
ideal reimbursement plan that would benefit medical device
panies and the government. Why are some medical
ices not being reimbursed but still have FDA cleaanc
r topics such as the FDA, included questions such as:

Based on the results of this investigation, addi
engagements techniques have shown to improve lear
outcomes and discussion thread performances. Stu . ; o .
have demonstrated an improvement in learning the co is the blgg_estl Qur_dle th% EDA is imposing that mt%y
of the course with these strategies. By keeping stadeart eryour medical device and how can you .overcomell |
of the online community, establishing a sense of realdvorl These were a few of the thought-provoking questions
context to the course and giving the course an end dbaf students were asked to answer on a weekly basis. A
student performances were significantly improved. Medit¥ instructor, it is imperative to have periodic ctseak to
device design is a challenging course to teach botneorfioW the discussion board is going. If the right questions are
and on-campus and using creative techniques to imp@i}ed, students will be excited to participate in the fyeek
learning outcomes is essential. Due to the challengestfh'&ﬁds-
many online courses face, this study recommends

successful approaches to improving the online experiencg Using technology to think like an entrepreneuit is
when teaching a medical device course to non-biomedjgal that students get excited about the fact that their
engineering majors. The following are steps of the courggsign can be commercialized. Using technology such as
delivery sequence and how strategies were integratedft ~ PODCAST application (i.e. available on any
the course: smartphone) was introduced as an “optional” but highly
1. Organization is keylt is important that students geecommended exercise. Students were asked to listea to
an idea of what the course will entail, and this shouldNfeR “How | Built This” podcast and comment. These
communicated at the beginning of the course. This is onpaafcasts have been one of the most interesting feaifires
the most crucial elements of any online course. The class. Famous and successful business owners such as:
instructor of the course should not only outline the lemnMark Cuban, Kate Spade, Five Guys chronical their
outcomes in the syllabus, but they should clearly conbeginess stories. They discuss how they started, their
the skill sets that students should expect to acquirbeatchallenges and what ultimately made them successful
end of the semester. This can be implemented in é¢h&epreneurs. Students listen to how some of the most
syllabus or the introductory email at the beginning of tlemowned brands have become successful businesses. Once
course. As an instructor, the key is to have a visionhaft they have listened to the podcast of their choice, they a
skill sets students should acquire from the course. asked to comment on which skill set made this person
successful. Was it their marketing skills? Their oostr
service skills? Was it their drive? This helps students
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identify an area that they may be successful in their purauitderstanding of their design especially when legal
of owning their own medical device company. It alsamifications of a well written Intended use descripti®
allows students to feel connected to the classroom aeshtioned.

wanting to share their thoughts with their peers, toeeef

creating more of an online community that they belong to. 8. The end goal. The final stage of the semester is the

grant writing final project. This has been the moment that

4. Discovering a medical need and their passiothe course has been building up to. Students are given
Allowing the context of the course to converge with reéatorials and examples of how to write a Small Business
life is one of the student engagement approaches usddniovation Research (SBIR) grant. The assignments that
this course. When designing a medical device, one ofvileee given throughout the semester are encouraged to be
most difficult tasks for both the online and traditionkdss integrated in the grant proposal. The market, disests¢els
learner is identifying a need. To improve this componensighificance, and their proposed solutions are implemented
the course, one of the best strategies implemented imasthe final argument. Key points that are highlighted: a)
asking students emotionally connected questions suchags:into your passion about this need and why your
have you or a family member struggled with a medipabposed solution is the answer b) the chances of thig bei
condition and were not satisfied with the diagnosis cmmmercialized c) intellectual property potential ding
treatment?, have you ever witnessed something in dheexpertise to accomplish technical goals outlined d)
emergency room, your doctor’s office, dentist or adgvising a budget that makes sense e) present a agson
medical environment that seemed to be dated or primititie2line.
Is there a better way of doing it? Tapping into thegspan
is the key. This will allow students to become passionate
about solving the need that they have identified andesea CONCLUSIONS
a connection to the course.

Medical device design has generated a lot of

5. Become an expert (almostOnce students haVinterest in the past decade. With companies training

: %g%oyees and expecting greater skill sets, many adult

identified a need, students should become experts on ers are entering the academic world through ttieeon!

e e e sorch SCHrm. s essental for facuty to keep stidamgaged
Y : Y sing innovative techniques. This study has shown that

to understand the system in a normal and diseasedstht ents have performed significantly better once student

the impact that is endured as a result. They are 3 :
introduced to the stakeholders that are involved in | ager_nenlt appr?a:jchefhw?redgtsed.ITTese strateg;ajs c?n
rocess and how these stakeholders can hurt or hel RP€ Impiemented in the traditional classroom seting

P %gﬁ students with a more rewarding experience. This

Di

outcome of their success. The targeted market y can be further validated with larger sample sires

irzj%r;wliilgggn Inust'lr?eg otnq%epgr\)/ci)r%?\iweﬁwﬁeisni]ris'[or?z;ri? ition, more assessment tools can be used such as
- o R - P structor ratings or mid-semester performances.
emphasize why this information is pertinent to allow them

to invest more time into the project.
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