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Work-In-Progress: Improving Student Views of Medical Device
Standards Through Implementation in a First-Term Biomedical
Engineering Course

As undergraduate engineering students develop technical skills and an inclination to base design
decisions on technical constraints, the application of engineering standards is often seen as a
mandate of design instructors to satisfy accreditation requirements, rather than as a beneficial
practice. When students carry this view into industry, medical device development and
regulatory approval can be hindered, so industry is placing a greater value on students who
appreciate and can effectively apply medical device standards. This work describes an attempt to
introduce and implement medical device standards in a freshman-level introduction to
biomedical engineering course and proposes a method to determine whether this early coverage
of standards improves students’ views about the importance of engineering standards and ability
to later apply them appropriately in a capstone design project.

Education of Engineering Standards

Since the 2001-2002 accreditation cycle, undergraduate engineering curricula approved by the
Engineering Accreditation Commission of ABET are required to incorporate engineering
standards [1]. Current criteria require that curricula include “a culminating major engineering
design experience that...incorporates appropriate engineering standards and multiple constraints”
[2]. This requirement addresses demand from industry for engineering graduates to enter the
workforce with knowledge of technical standards, particularly as a generation of baby-boomers
with expertise in standardization retires. This demand encompasses a wide range of industries,
including the medical field [3].

Despite the ABET requirement and practical need for undergraduate engineering programs to
incorporate education of standards, a survey of universities in the United States in 2003
concluded that this topic is a low priority and that “the Schools of Engineering in the United
Sates do yet not accept the critical nature of standards in the new 21% century global economy”
[4]. By contrast, several Asian countries place a much higher priority on education of standards,
with some promoting awareness of standards as early as grade school [5].

To address deficiencies in standards education in the United States, a Standards in Education
Task Force, made up of industry engineers and educators, worked to develop a set of
recommendations in 2003. These recommendations suggested that engineering students should
be given a comprehensive introduction to standards, gain familiarity with key standards
organizations in their respective disciplines, study standards in the context of relevant case
studies, and graduate with the ability to identify and apply relevant standards in the engineering
design process [6]. These recommendations are consistent with those from a more recent panel
discussion on standards education at the Capstone Design Conference in 2012, which further
recognized that, to help achieve the desired proficiency of students to apply standards



appropriately in their capstone design project, standards education should start earlier in the
curriculum [7].

Several barriers to effective teaching of standards in engineering curricula have been cited,
including difficulties in fitting the topic into tight curricula, lack of student and faculty
accessibility to standards, lack of teaching resources dedicated to using standards, lack of faculty
expertise in standards, and lack of student interest in standards [1], [7], [8]. A common approach
to enhance the interest of students in standards is to provide examples to which the students can
relate. For example, in biomedical engineering, Goldberg provides examples of standards
applications in real medical devices. He cites a specific standard that ensures interchangeability
of hypodermic needles and syringes made by different manufacturers as one tangible and
relatable example [7].

Development of an Immersive Experience with Standards in a Freshman Course

To add further depth to student appreciation of standards early in the curriculum, we
hypothesized that a hands-on mini-design project requiring students to address a standard in a
freshman course will result in improved student appreciation for the importance of standards and
ability to apply them later in their capstone design experience. The design project serves as a
centerpiece for the course. Several activities and lectures early in the course are aimed at
providing essential background knowledge and skills for the design project. This differs from our
previous version of this course, which focused on early exposure to technical concepts but with
no central theme or culminating project.

The ten-week three-credit course has two lecture hours and one two-hour laboratory session each
week. Following training, students are given access to the department maker space, which
features 3-D printers, circuit fabrication stations, and hand and power tools. Approximately 50%
of the lecture topics in the course provide a survey of biomedical engineering careers paths and
our curriculum, and the remaining lecture topics relate to the design project. These include
presentations covering computer-aided drawing, electric circuits, cardiovascular physiology, and
engineering standards. Laboratory activities provide practice in developing skills in using
SolidWorks (Dassault Systemes), making electrical measurements, fabricating circuits, and using
3-D printers. Students work in pairs on the term design project, for which the deliverables are a
short written report and class presentation in the eleventh week exam period.

The design project addresses ECG lead wire connectors. It is motivated by a discussion of a case
study involving several reported cases of patient injury or death attributed to electric shock
resulting from misconnection of electrode lead wires into unlabeled 120 VAC line-cord plugs
[9]. Students are shown images of unprotected electrode lead wires and the power cord plugs into
which they geometrically fit to illustrate how such an avoidable mistake could be made by
healthcare providers.



Students are given an overview of the IEC 60601-1 standards and shown specific statements
from the ECG Particular Standard (IEC 60601-2-25) that address the color code of ECG lead
wires and the requirement that metal pins be recessed within connectors by at least 0.5 mm to
prevent inadvertent electrical connection. Students are required to use a 3-D printer and
appropriate tools to fabricate a connector block into which the ends of commercial ECG lead
wires (Welch-Allyn, Skaneateles Falls, NY) can be securely inserted. The block is to incorporate
a specific mating pin (appropriately recessed to comply with the standard) with which the ECG
lead wire connector is to make reliable electrical contact. Students are required to demonstrate
their connector and explain how the standard was addressed in their final presentation.

The next formal exposure to medical device standards in our curriculum is in a professional
topics course in the fall quarter of the junior year, in which students are given three detailed
presentations on the topic by faculty and industry experts. The students are then expected to
incorporate standards appropriately in their four-quarter capstone design projects, which begins
in the spring quarter of junior year.

Study Plan and Preliminary Results

The teaching module providing an immersive experience with medical device standards was first
incorporated into the introductory biomedical engineering course in our curriculum in the fall
2018 quarter. A total of 61 students enrolled in the course across three sections taught by two
instructors. All student groups successfully produced a 3-D printed prototype. The quality and
sophistication of the designs varied, mainly owing to the wide range of previous experience
students had with computer aided design. Grading was based primarily on the students’
demonstration that they adequately considered the requirements, including those of the
standards, during their design, rather than extra features they might have included. The majority
of students addressed the standard, although several teams were not successful in executing it,
suggesting some future refinement in the instruction of 3-D drawing and design is necessary.

The primary goal of the work is to improve students’ appreciation for medical device standards
and their ability to apply them by the time they graduate. To assess success in achieving this
goal, a survey was constructed to ask students to rate their understanding of standards, their
belief that the topic is important for biomedical engineers, and their confidence that they can
apply standards in their career. The survey will be administered three times, the first one being at
the beginning of the junior year prior to the professional topics course described above. This time
point was chosen for the initial assessment, rather than directly after the freshman course,
because it aligns with when assessment was performed for the previous cohort, allowing direct
comparison. The second assessment is performed at the beginning of the spring quarter in the
first capstone design course, and the final assessment occurs in the spring quarter of senior year
at the conclusion of the design sequence. In addition, design instructors will be asked to rate
students’ abilities to apply standards appropriately to their respective design projects. All
assessments will be given to two cohorts of students who took the introductory course without
the standards module and the first two cohorts participating in the module. It is hypothesized that



all performance measures will increase for the cohorts taking part in the module experience,
reflecting a positive effect of introducing first-term engineering students to a hands-on project
incorporating real medical device standards.
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