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ABSTRACT

Biomedical engineering (BME) is a multidisciplinary field, resulting in a heavy course load from different
fields. We hypothesize that the engineering curriculum be tailored according to the requirements of the
BME profession. In this study, we focus on the teaching of the finite element modeling (FEM) technique
by redesigning the course to address the needs of the BME profession by some custom-made changes to
meet the unmet needs. After the completion of the course, evaluation methods of the students were analyzed
and detailed over a survey providing feedback from the students. The surveys were related to the teaching
the theory of FEM, the laboratory sessions, and the project sessions. The survey results were evaluated
using statistical methods. The Pearson correlation coefficient showed a linear agreement between theoretical
and practical sessions indicating efficient blending of skills because of the custom-made changes. The survey
analysis showed that the students were in favour of the changes, allowing them to be more resourceful and
confident with their skills. The positive results indicate a positive attitude among the students towards their
profession. As the course design addresses the needs of the profession allowing students to fit in better, the
students might follow their own profession after graduation. A wider follow-up study might be planned next
to compare the results between who received tailor-designed courses and those who did not.

Keywords: Biomechanics; Finite element method; Course design; Applied engineering; Project reporting;

Validation; Verification; Writing skills.

INTRODUCTION

Biomedical engineering (BME) is an emerging field
in engineering education. Biomedical engineering edu-
cation has been evolving and proliferating since the
1950s in the last century™ The first program in
BME master’s education launched officially at Drexel
University, Philadelphia, PA, USA, in 1959. Follow-
ing this, PhD programs at Johns Hopkins Univer-
sity, Baltimore, MD, USA and the University of

Pennsylvania, Philadelphia, PA, USAZ were launched.
Currently, undergraduate BME education is emerging
as a single discipline, rather than a hybrid special-
ization of interdisciplinary subjects. The development
of new curricula in this field is taking place rapidly
around the world, following the recent trend. These
programs are diverse and they vary in content 3
Today, BME consists of many specialties such as arti-
ficial organs, assistive technology and rehabilitation
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engineering, bio-electromagnetism, bioethics, biomate-
rials, biomechanics, biotechnology, biomedical instru-
mentation, biomedical sensors, bio-nanotechnology,
bio-robotics and bio-mechatronics, clinical engineer-
ing, medical and bioinformatics, medical and biological
analysis, medical imaging, neural engineering, physio-
logical systems modeling, simulation and control, pros-
thetic and orthotic devices, tissue engineering, and
regenerative medicine # Each one of the key divisions
in BME is considered as a field of study or research on
its own.

Biomechanics is one of the essential key divisions
in BME The dictionary definition of biomechanics is
“the study of mechanical laws relating to the move-
ment or the structure of living organisms” ¥ Although
BME is thriving as a field of its own, the division
of biomechanics significantly uses the basic principles
and advanced topics of mechanical engineering. On the
other hand, in mechanical engineering, there are many
other key divisions such as statics, dynamics, mecha-
nisms, the strength of materials, theory of machinery,
numeric methods, finite element modeling, thus estab-
lishing sound and firm fundamentals for mechanical
engineers. One of the methods which is widely used
in biomechanics is the finite element method (FEM).
In mechanical engineering, FEM is a key division using
numerical techniques to obtain approximate solutions
to a class of problems governed by partial differential
equations (PDEs) while using boundary value condi-
tions to solve PDEs. In mechanical engineering educa-
tion, structural FEM courses require students to have
completed courses of statics, differential equations, the
strength of materials, and numerical methods. In BME,
FEM is a widely used and significant methodology for
solving complex problems in the biomechanical engi-
neering discipline, especially in areas of orthopaedics.
However, the fact that there are more than 20 key divi-
sions in the undergraduate education of BME, covering
a wide range of topics from anatomy, electrical engi-
neering, molecular biology, and genetics to tissue engi-
neering, makes it impossible to expect BME students to
have built the required fundamentals for FEM courses
by completing the list of prerequisite courses as in the
mechanical engineering education. Due to the limited
time and the wide range of courses, bringing students
up to the level of FEM applications — as in mechanical
engineering education — is a challenge. To overcome
this challenge, there is a need to carefully design the
course that is dedicated to the teaching of BME.

Computational modeling, which is another widely
used term covering FEM, has been a challenge and
point of interest in engineering education already. The

papers of Babuska and Oden provide detailed informa-
tion on the history of FEM® Time-consuming numer-
ical equations and solutions are required in FEM, in
addition to programing skills either in MATLABY or
in any other programming languages such as FOR-
TRAN, C++, and Python. For an engineering stu-
dent to be competent in FEM applications, programing
increases the burden in the already-overloaded portfolio
of courses in BME.

Brinson et al™ covered new methods in design and
computational mechanics for undergraduate education
in mechanical engineering education. The initial imple-
mentations which required significant changes in the
way of teaching were due to the advancement of com-
puters in the field. In the current courses (i.e. statics and
strength of materials) there was an addition of extra
courses: linear algebra, introduction to matrix meth-
ods of structural analysis including truss elements in
one and two dimensions, and constant strain triangle.
For the application, design analysis projects were also
added. They integrated programing applications into
the course design. In a study™ performed at the end
of the last century, only integration of MATLAB was
mentioned due to the ease of its access and the ease
of coding. However, software packages for engineering
analysis (EA) were missing as it was the early years of
package software programing applications in mechani-
cal engineering, which is a norm nowadays.

Although programing and the advancement of com-
puters eliminate human-based errors and make life sim-
pler for engineers, in the case of FEM models, there
is a need for verification and validation processes. In
FEM analysis, validation steps provide evidence. This
stage is very important for the results to be evaluated
correctly. Validation tasks require either experimental
work or comparing the results to previously validated
models. Without validation, finite element (FE) results
are just computer output lacking underpinning evi-
dence. Previously, Cyr et al™ emphasized the impor-
tance of experimentation in undergraduate mechanical
engineering education in their paper titled “A Low-
Cost, Innovative Methodology for Teaching Engineering
Through Experimentation”. In his work, he exampled
the importance of low-cost experimental methods and
how it helped engineers have a proper understanding of
engineering topics. However, his work did not include
the FE methodology or its validation, which is a fun-
damental need in BME education. BME relies heavily
on evidence-based research and, in order for medical
designs to be accepted, there is a need for evidence gen-
erated from computer-aided design tools and simulation
programs, validated by experimental results supporting
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computer simulations. This way, the designs can be
approved and passed into clinical trials. For this reason,
in BME education, there is a need for the inclusion of
theoretical calculations, as in FEM, as well as for exper-
imentation including verification and validation of the
model demonstrating how to conduct evidence-based
projects to BME students.

In this study, instead of pure theoretical teach-
ing of FE modeling techniques to BME students, a
more interactive approach is preferred. As described
in the paper “Polishing the Gem: First-Year Design
Project” I3 BME students were asked to design their
own product. Involving students in the design process
allowed them to use their creativity, critical thinking
skills, and to translate theory into practical applica-
tions. Via computer simulations, students were able to
observe the effect of different decision points by enter-
ing multiple variables as an input for their design and
it also allowed them to analyse the results accordingly
during the course.

One of the major challenges of engineering educa-
tion is the lack of integration of writing skills into the
curriculum. In engineering education, students make a
common mistake: they use formulas as shortcut recipes
without understanding the fundamentals behind them.
For BME professionals, it is very important to pro-
vide detailed reports of already applied scientific meth-
ods with evidence. Newcomer and Steifl® designed a
study to investigate the understanding of students in
the usage of concepts while answering multiple-choice
exam questions. Here, instead of using multiple-choice
exam questions, which are not encountered in real-life
engineering applications, we follow a more pragmatic
approach, and we require students to produce profes-
sional reports instead. By providing a report template
for students, we aim to improve the professional report-
writing skills of the BME students. As mentioned in
the study of Wheeler and McDonald ™8 the similarities
between writing and design processes were utilized to
emphasize that there is often not only one “correct”
solution, since feedback and revisions are often required
and are crucial for both. The benefits of students devel-
oping their writing skills in that study were thoroughly
explained. In our study, we integrated report writing
into the course, which required students to internalize
the knowledge to use critical thinking skills in order to
produce real-life engineering reports, unlike any other
routine problem-based classical exams where FEM is
taught.

It has also been highlighted by Dym et al18 that
engineering curricula should be more specific than
generic. For this reason, custom-made changes are
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required according to the needs of the evolving engineer-
ing profession. BME professionals are obliged to work
as a part of a team, rather than on their own. Engineer-
ing is a social activity as pointed by Dym et al™0 With
this mindset, in our course design, students were asked
to complete their design projects in teams, rather than
individuals to produce more skilled engineering gradu-
ates to survive in real-life engineering projects in the
future.

In this paper, we demonstrate the design of a new
course, considering the needs of the BME students.
When compared to pure theory teaching of FEM meth-
ods without considering the needs of BME students,
this course offers unique features. After the course was
completed, in the following semester, a questionnaire
was given to the students to assess their learning expe-
rience, the results were analysed to measure and assess
the efficiency of the new features by receiving feedback
for these new features.

MATERIALS AND METHODS

The computational biomechanics course relies heavily
on the usage of the FEM, which was firstly used for
stress analysis of aircraft bodies in the 1950817 FEM
requires solving multiple equations and iterative solu-
tions. With the advancement of computers, this compu-
tationally expensive technique started to become very
popular in many engineering fields, including BME edu-
cation. In the FEM method, complex geometric shapes
are divided into smaller pieces to define a limited num-
ber of elements. This process is called meshing. Ele-
ments come together to form a node. This approach
simplifies the solution due to the usage of a limited
number of elements connected by nodes. Then, the
structure of the equations is created. The system of
equations is solved according to the boundary condi-
tions and to the applied load to obtain the analysis
results. The result obtained is the approximate solution
to the problem. However, FEM requires verification and
validation of the model. Verification is to make sure that
the underlying mathematical equations are correct. It
is checked if the code is performing correctly. Whereas,
in validation, it is checked if results are meaningful
and comparable to reality as observed by the controlled
experiments. A flowchart of the finite element analysis
(FEA) problem under a general perspective is provided
in Fig. [l The validation part might be completed in
different ways depending on the nature of the problem.
In BME, testing on the human body is not feasible and
not permitted due to ethical reasons. For this reason,
comparison of the results against previously published
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Fig. 1 Flowchart describing the general application of FEM in general in engineering education (ASME).

results, validated models, animal experiments, ex vivo
tissues, explanted bones, or other outputs of validated
computer simulations are some options.

In our computational biomechanics course, 18 peo-
ple enrolled consisting of 15 females and 3 males among
the third and the final year students. This course was
designed as an elective course in BME education. The
students were asked to work in groups of two, com-
posing nine groups overall. During the first semester,
the basic theory was taught to the students in lec-
tures involving small engineering problems. A course
hour consisted of 60min. Each theory part consisted
of 20 min of lecturing on deriving of the equations and
a video demonstration of an application of the prob-
lem in industry or a relevant published academic work
involving verification and validation stages of the prob-
lem. This was shown to the students for another 20 min.
Within the last 20 min of the course, a sample problem
was solved using the theory explained at the beginning

of the lecture. The timescales of each session were
planned carefully to make use of the maximum atten-
tion span of the students.

Theoretical Content Blended
with Practice

FEM requires a bulk usage of equations and matrix
algebra. For this reason, handouts were distributed to
the students at the beginning of the term to revise
the matrix algebra. Matrix multiplication, addition,
inverse, determinant, transpose, symmetry, transpose
of products, differentiation, integration, solution of
algebraic equations such as Gauss substitution, and
Cholesky Factorization methods were covered. Once the
required mathematical background was covered, basic
steps of the FEA were covered. The structural poten-
tial and strain displacement concepts were explained
to derive the stiffness matrixes, FE formulations were
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used to calculate the stresses from the displacements
matrices. At each lecture, pen- and paper-based the-
ory was given for one-dimensional trust element, beam
theory, and two-dimensional elements, each with a sam-
ple manual hands-on problem-solving session. After the
completion of the theoretical part, the students were
asked to install the computer-aided design and the FEM
software package to solve the same problems with dif-
ferent variables, which were solved during the lectures
using hand calculators. This time, the solutions were
given using the package software tools. During the lab
sessions, the students were asked to provide their own
hand calculations, and their own generated results via
CAD-FEA software to be marked after each laboratory
session. The students worked out solutions in pairs of
two for gaining group work habits. Each group had dif-
ferent model constants to prevent any abuse of collabo-
ration between the groups. The students were asked to
perform sensitivity analysis by changing the inputs and
to also make use of the axis of symmetry for improving
their practical understanding of the given assignments.
The flowchart describing the method for blending the
theory with practice is shown in Fig. 2

After building the fundamentals of theory and pro-
viding students with the confidence to run the mod-
els via CAD-FEA software, the students were given
a term project with a guideline on how to write the
report by working in groups of two, to be submitted
by the end of the term. The project work was given
instead of a midterm exam. Apart from the laboratory
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sessions, no other assessments were given during the
term. Only the final exam on the theory was given at
the end of the term, requiring students to solve prob-
lems by using the derived equations during the theoret-
ical sessions, by using hand calculators, pen, and paper
on their own in an in-class exam. Our expectation was
to improve the understanding of the theory by applica-
tions made in the lab sessions and in the project. For
this reason, the evaluation of the students in the the-
oretical parts was left for the final exam to measure
their skills when they reached the highest potential of
understanding throughout the course.

Term Projects and Documentation

As a term project, the students were asked to design
a fixation plate, acting as an international consultancy
firm by producing a professional report that demon-
strates each step of their design work, providing all the
evidence for the optimal design. The students were sup-
posed to design the fixation plate themselves, blending
their theoretical and practical skills gathered during the
course. The students were asked to work in groups of
two. Each group was asked to produce a task list demon-
strating work-load share and contribution for a fair eval-
uation. Each group was also asked to use the licensed
software to draw its product [SolidWorks (Dassault
Systemes, Waltham, Massachusetts, USA) provided by
the engineering faculty]. The students were then asked
to produce two models, using 2D plate elements and 3D
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Fig. 2 Flowchart of the course designed for BME students blending theory and practical parts for special BME problems.
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Fig. 3 A sample drawing of bone fixation plate represented in
SolidWorks (base frame design).

solid elements. The drawing limits of the design were set
as follows; plate length ranging from 70 mm to 100 mm
(Min-Max), respectively, and plate thickness ranging
from 5mm to 9mm (Min-Max), respectively. The stu-
dents were required to conduct a literature review to
find out the intended use conditions for a fixation plate
and the expected boundary conditions during the life-
time of the fixation plates and to use their engineering
knowledge, skills, their engineering intuitions, and their
creativity while deciding on the geometry of the fixation
plates. A base design figure was supplied as a starting
point for the students to understand the geometry of
the required product (Fig. B]). No limitation was set on
the number of holes for the plate. The locations of cir-
cles, radius, and fillet coefficients were to be changed
so as to find out the optimum design. Each group was
asked to design their models using the ANSY'S software
by setting their appropriate boundary conditions and to
run its models to analyse the results. Hand calculations
were performed to make sure that their computer solu-
tions were reasonable. Each group was asked to provide
a demonstration of a working model.

After the demonstration of their working models,
further analyses on the models, such as alterations of
the boundary conditions and other input parameters
for optimization procedures, were conducted. The stu-
dents had to define their own decision points on the
“fitness for the purpose” criteria. If they were making
any assumptions or simplifications, they had to explain
the details in their reports.

For the reports to be at a professional level, stu-
dents were asked to produce them with certain sec-
tions and page numbers. A report consisted of a cover
page, abstract, table of contents at the beginning, fol-
lowed by a 12-page limit for introduction, methodol-
ogy, results, discussions, and conclusion, ending with
references and appendix sections. In the appendix, the

students could provide Gant charts for their project and
any ISO standards they referred to during the design.
In the introduction, each group conducted their own
literature review and their acceptance criteria for a
successful product under specified loading conditions.
In the methodology, hand calculations and any sim-
plifications for the provided boundary conditions were
detailed. As a part of verification, mesh convergence of
their models and control of boundary conditions under
the defined scenarios were provided. The set of sensi-
tivity tests and the reasons for sensitivity analysis were
given in the methodology section. The results section
provided images, deflections, and stress values of the
model. In the discussion, they were asked to provide
details on the validation procedure and explain their
decision for the optimal design.

For the validation part, once the students completed
their FE analysis in silico and decided on their opti-
mum design, they exported their model to the 3D
printer software to produce the physical product. The
finished product was subjected to tension/compression
test equipment in order to produce stress versus strain
curves for each product. Each group performed their
own experimentation under the supervision of the lab
assistant and gained practical skills over the use of test
machines (Fig. ). The FEA results were compared to
the experimental results produced by the tensile test

Fig. 4 (A) Production of students’ designs with a 3D printer,
(B) failure as a result of applying the tensile test, (C) performing
the test by Shimadzu Tester.

2150054-6



Exporting model to
3D Printer Software

_ 4

Printing of the
Model in 3D Printer

FEM Techniques for Biomedical Engineering Education

Setting of the
specifications for
acceptance and
rejection

y

Reporting

\

Testing of the
specimen

b 4

Assembling of the
specimen to the
tension-compression
test equipment

\

b 4

Comparison of result
with the
specifications

_ 4

Accept/Reject Final
Decision

Selection of the best
design

y

Fig. 5 Flowchart for the validation and documentation of the fixation plates, as a part of the term project.

equipment for the given loading conditions. By com-
paring the model results against the test, the students
completed the validation of their models. The products
were compared against the acceptance criteria for which
they were designed. The students documented and pro-
vided their technical reports including all the calcula-
tions as a piece of evidence for their work. The flowchart
of the term projects is provided in Fig. [l

In order to integrate the lectures with the external
world of BME education, a network with the indus-
try was established. To achieve that, technical trips
to local implant design factories were arranged. The
students met with the R&D, management, manufactur-
ing, and quality control departments of implant man-
ufacturing firms. They were able to observe the whole
process, understand the requirements of BME jobs, ask
questions, and conduct fruitful discussions with possible
future colleagues. The technical trips took place imme-
diately after the students started their projects, trig-
gering their motivation for the project. The meetings
with R&D engineers, applying similar problem-solving
techniques, aimed at integration of students with the
real-world settings to allow them to fit in their jobs
easily in the future.

Evaluation

During the term, only laboratory sessions were evalu-
ated. Online learning platforms were utilized by upload-
ing course materials, slides, and self-testing problems

for students to test themselves on the Canvas Network.
The course material was uploaded on the online plat-
form immediately after each class for the students to
attend the classes regularly and to revise the material
afterward. The term project was evaluated at the end
of the term to improve the skills of the students dur-
ing the term, while each laboratory session was marked
and announced before the following laboratory session.
A final exam was conducted in the classroom after the
submission of the project reports. The students were
given theory-based-questions and carried on their own
calculations by using their own calculators and pen and
paper.

After the final exams, an online questionnaire was
designed and uploaded on the online platform, asking
students to provide feedback on their learning experi-
ence on a volunteered basis. The answers were recorded
anonymously so that the participants were free to pro-
vide their inner thoughts without any hesitation. The
questionnaire consisted of three sections (Appendix A).
The first section consisted of two questions and was
about understanding the background of the students.
The first question was the effort level of the students
spent on the course; such as weak (1), average (2), ade-
quate (3), good (4), and excellent (5). The second ques-
tion was the main motivation that led them to choose
the course, such as (a) suitability of the course hours,
(b) interest in the subject, (c) preference of the instruc-
tor, and (d) any other personal reason. In the second
part of the questionnaire, the questions were related
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to the way the course was processed as: strongly dis-
agree, disagree, agree, and strongly agree (details in
Appendix A). The neutral option was omitted for stu-
dents to take a side to make a better understanding
of their feedback. The final part was verbal, asking the
students to express themselves using their own words
on what they liked about the course most and on what
needed to be improved. After the expiry of the ques-
tionnaire completion deadline, analyses were made on
their responses.

RESULTS

The first evaluation during the term was on labora-
tory performance. During the laboratory sessions, the
students were supposed to demonstrate their particular
skills for each task in pairs of two and complete the term
project at the end. The applications conducted through
the term time were planned to blend theory and prac-
tice via laboratory sessions and via the term project.
To investigate the correlation between the grades of
the term project and the final exam, the Pearson Cor-
relation Coeflicient was calculated as 0.76 between the
student’s final exam papers (which were mostly theoret-
ical) and the term projects (which were a combination
of both the theory and the practice).

The classroom average calculated for the final exam
was 71 + 11.5 (Std), for the laboratory sessions 73 =+
21.3 (Std), and for the term project 83 £ 9.2 (Std) out
of 100. In the laboratory sessions, one of the student
groups consisting of one male and one female student
attended half of the laboratory sessions and another
student group consisting of two male students missed
one of the laboratory sessions. This is the reason for
the large standard deviation in the laboratory grades.

DISCUSSIONS
Evaluation of the Questionnaire

The online questionnaires, which were filled in anony-
mously by the students, were evaluated in Microsoft
Excel. The calculated average effort level of the students
was adequate (3), with three students describing their
effort level as good (4), and three of them describing
their effort level as average, while the remaining describ-
ing it as adequate (3). Four of the students reported
having chosen the course for the suitability of the course
hours to their timetable while two of them chose the
course because of the instructor, while the remaining
number of students indicated that their interest in the
topic was the reason why they selected this course.

In part two, the students evaluated the features
that made this course different. In the first question,
the students were asked if the revision chapters pro-
vided at the beginning of the course were useful for
them. The majority of the students (80%) answered
in favour of the course. The students were asked if
blending theory with practice made it better to under-
stand the FEM techniques: (a) 95% of the students
responded positively. The students were asked to assess
if the modular structure in the course for solving the
problems and the online problems were helpful in mas-
tering the theory and practice; (b) 80% of the stu-
dents responded positively; (¢) 80% of the students also
answered that they found the online teaching material
consisting of solved example problems and online self-
assessment questions useful to them; (d) 100% of the
students agreed that solving the problems both using
the formulas and solving them in the laboratory sessions
using ANSYS increased their confidence in engineering
applications; (e) 94% of the students agreed that inte-
gration of current technologies, such as the use of 3D
printers, in the course contributed to their education
positively and integration of the validation and testing
steps increased their knowledge and skills about these
procedures, while integration of technical trips enabled
combining the school work in BME with the outside
world. The students were asked about the integration
of reporting skills via two questions; (f) 94% of the
students answered that preparing a project report had
been a useful practice to experience the professional
engineering reporting application. They also agreed
that preparing a project report affected their writing
and reporting skills positively as engineering students.
When they were asked if they think that their trans-
ferable skills had increased through this course, 94% of
the students showed a positive response; (g) 100% of
the students answered that what they learned in this
course was useful for them to be an engineer in their
future career. They also agreed 100% that the changes
made in the way this course was taught made a pos-
itive difference compared to the classical method; and
(h) 94% of the students said that they would recom-
mend this course to their colleague-students.

In the third part of the questionnaire, the students
were asked to express their own opinions about the
course, as what could be improved and what they liked
the most about this course. Although they had all the
freedom to provide different answers, their responses
were in a similar manner. They mentioned that they
liked the laboratory sessions, by learning and using
the FEM software the most. They wrote that adding
command of FEM software into their CVs made a
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difference. Being able to solve the problems using
ANSYS increased their level of confidence, and they
now felt more motivated and skillful to learn more
about this sort of application. Since the university had
an access to the student version of the ANSY'S program,
it was possible to use this software during laboratory
sessions. However, once having grasped the fundamen-
tals of using software for solving FEM problems, the
students can easily adapt to any other software in the
future when they work as engineers. In addition to this,
being able to observe the industrial applications, via
technical trips, increased their level of interest in the
topic to learn more. Integration of the practical appli-
cations with theory was most preferable for the stu-
dents. Some of the students mentioned that the course
was too condensed to cover one term only and that
it could be extended to cover more details over two
terms as an improvement point. In classical engineer-
ing education, elective courses are mostly designed to
be for one term only. For this reason, extending the
course over two terms might not be feasible. Many of
them mentioned that they grasped the practical appli-
cations more than the theoretical details. They asked
for more interactive problem-solving sessions in order
to understand theory. In classical engineering educa-
tion, lecturing is usually performed by the instructor.
Even though students were integrated into some of the
sessions, the course did not have any extra tutorial ses-
sions arranged by course assistants. It might be possi-
ble to provide tutorial hours by the course assistants to
perform more problem-solving sessions in the following
years, after feedback from the students.

The evaluation of the questionnaire indicates that
the changes made to the curriculum to adapt the
course material to the needs of the BME students were
appropriate. Some of the students mentioned that they
learned the practical side of the course more than the
theoretical parts. Since most of the engineering students
chose to work directly immediately after graduation,
this might not be a deficiency. For undergraduate stu-
dents, it is very important to create a hybrid of both
theory and practice. Any course missing one of these
ingredients would be deficient and might not be very
promising for the future of engineering. For those stu-
dents who consider learning more of the theory, gradu-
ate school courses could be the solution, as this would
require a certain level of highly resourceful students to
understand mathematics and the associated dedication
level to learn these complex methods. Without having a
certain level of mathematical skills, providing too much
theoretical information to engineering students could
produce adverse effects, such as not willing to work as
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an engineer after graduation, losing their interest in the
topic, dealing with too many non-transferable skills,
and feeling insecure with lack of transferable skills in
the job hunt for working as engineers. For this reason,
it is very important to design engineering courses to
invoke curiosity in the subject and to let it continue
by designing challenges with an optimum level of detail
and complexity to allow students build self-confidence.
It is also crucial to maintain their interest levels to work
in the profession after they graduate. BME education
is a niche area, which is costly, and it has been hard to
find qualified people in the profession. For this reason,
BME educators should keep students’ interest active in
the field to guide their work in the profession after edu-
cation.

In this paper, we focused on a fixation plate as an
example. There are many other possible applications,
which could be applied for designing and testing of
other implant models such as hip, knee, wrist, ankle,
and spine T827 A similar methodology to that explained
in this paper could be utilized for teaching of FEM to
BME students.

CONCLUSION

With the increase of diverse fields in engineering edu-
cation, there is a need for customizing and designing
courses according to the needs of engineering students.
Engineering as a field focuses more on applications
and practical skills. Traditional lecturing provides stu-
dents with lots of theoretical engineering background,
without providing enough transferable skills. To enable
engineering students to integrate into the industry, the
needs of the industry and the backgrounds of the stu-
dents should be considered carefully.

In this study, a new course was designed, considering
all these points, to address the needs of the industry
and also the needs of BME students. The generated
feedback from the questionnaire filled by the students
demonstrated that correct steps have been taken. With
the evolution of new technical tools, methods, and
strategies, the course design should always be updated,
so that the engineering graduates can be more confident
with their transferable skills to fulfil the requirements
of their career. With this approach, it is possible to keep
them working in the field for which they got educated
and to enable them to work in the field that they enjoy.
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APPENDIX
Part 1 About you

Q1) Describe your effort level for this course

a) Weak, b) Average, ¢) Adequate, d) Excellent

Q2) Select the reason why you registered for this course

a) For the instructor b) For the time table,
¢) Having interest in the topic, d) Other (Please

specify)_____________

Part 2 Evaluation of the course

Please indicate your answers based on these choices

a) Strongly Disagree [, b) Disagree [, ¢) Agree [J,
d) Strongly Agree O

Q1) The revision unit, given at the beginning of the

lesson, for the matrices was useful.
a)d,b)0,¢)0,d) O



Q2) The theoretical and practical training of the
course helped me learn and apply the FEM
technique.

a)d,b)0O,¢)0O,d) O

Q3) The modular structure followed in the course and
the questions we solved in the computer environ-
ment were useful for combining theoretical knowl-
edge with practical skills.

a)d,b)0,¢)0,d) O

Q4) Uploading lecture notes, presentations and sam-
ple questions on canvas made it easier for me to
follow the lesson.

a)d,b)0,¢)0,d) O

Qb5) Solved sample questions and evaluation questions
enabled me to grasp the fundamentals of the

subject.
a)d,b)0,¢)0,d) O

Q6) Being able to solve the problems that we can
solve manually with the software package called
ANSYS in computer environment, has increased

my confidence in engineering applications.
a)d,b)0O,¢)0O,d) O

QT7) Integration of current technologies such as use of
3D printers in the course contributed to my edu-

cation.
a)d,b)0O,¢)O,d) O

Q8) Learning by applying the validation and testing
steps increased my knowledge and skills about

these procedures.
a)d,b)0,¢)0,d) O

Q9) The technical trips enabled me to combine the
school work in biomechanics with the outside

world.
a)d,b)0,¢)0,d) O

FEM Techniques for Biomedical Engineering Education

Q10) Preparing a project report has been a useful prac-
tice for us to practice the professional engineering
reporting application.

a)d,b)0O,¢)0O,d) O

Q11) Preparing a project report affected my writing
and reporting skills positively as an engineering

student.
a)d,b)0O,¢)0O,d) O

Q12) I think that the knowledge and skills that I can
transfer directly to the industry have increased
through this course I took.

a)d,b)0,¢)0,d) O

Q13) What I learned in this course was useful for me

as an engineer for my future career.
a) d,b)0,¢)0,d) O

Q14) I think that the changes made in the way of this
course taught made a positive difference compared

to the classical method.
a)d,b)0O,¢)0O,d) O

Q15) I recommend this course to my other friends.
a)d,b)0O,¢)0O,d) O

Part 3 Personal thoughts

Q1) What were the most useful or valuable parts of this
lesson?
Type in your answer here

Q2) Please specify if you have any other thoughts about
the course that can be improved?

Type in your answer here

2150054-11



	INTRODUCTION
	MATERIALS AND METHODS
	Theoretical Content Blended with Practice
	Term Projects and Documentation
	Evaluation

	RESULTS
	DISCUSSIONS
	Evaluation of the Questionnaire

	CONCLUSION


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Press'] [Based on '[Press Quality]'] Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        30
        30
        30
        30
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.177000
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


