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RESOLUTION TO ESTABLISH A BACHELOR OF SCIENCE DEGREE IN
BIOMEDICAL ENGINEERING

WHEREAS, biomedical engineering is a rapidly emerging field that draws on engineering
principles to provide training to undergraduate students so that they may tackle emerging
societal issues related to engineering aspects of the growing field of health care; and

WHEREAS, graduates with a degree in biomedical engineering will analyze and design
solutions to problems in biology and medicine with the goal of improving the quality of
patient care through jobs at universities, hospitals, manufacturers, government agencies,
and research facilities; and

WHEREAS, Virginia Tech is uniquely suited for such a degree program due to its
established partnerships unavailable to other universities in Virginia or in the United
States, including ties with prestigious groups such as the Edward Via College of
Osteopathic Medicine, Virginia-Maryland College of Veterinary Medicine, Virginia Tech
Transportation Institute, Institute for Critical Technology and Applied Science, Virginia
Tech Carilion School of Medicine, Virginia Tech Carilion Research Institute and the Wake
Forest School of Medicine; and

WHEREAS, the addition of a degree in biomedical engineering aligns with President
Sands’ goal that the university should strive to increase Virginia Tech’s US rankings,
become a top-100 global research university and continue to attract high-quality students
with world-leading interdisciplinary programs and research opportunities. The College of
Engineering is the only program in the top 50 across the U.S. without a biomedical
engineering undergraduate program; and

WHEREAS, the biomedical engineering degree meets goals set in the Virginia Tech
2012-2018 Strategic Plan that proposes major growth in the fields of "science, technology,
engineering, mathematics, and health sciences (STEM-H)". This degree will help Virginia
Tech grow as a high-ranking institution and make its graduating students and alumni
highly attractive to employers in the Commonwealth and beyond;

THEREFORE, BE IT RESOLVED, that the Bachelor of Science Degree in Biomedical
Engineering be established, effective Fall 2017.

RECOMMENDATION:

That the above resolution recommending the establishment of the Bachelor of Science
Degree in Biomedical Engineering be approved.

April 3, 2017
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Virginia Tech Degree Proposal
Biomedical Engineering Bachelor of Science Degree
CIP: 14.0501

Type of degree action (circle one): Spinoff Revision Discontinuance
Program Description

Virginia Polytechnic Institute and State University requests approval for the following degree:
Bachelor of Science (B.S.) in Biomedical Engineering (BME). This degree will be offered by
the Department of Biomedical Engineering and Mechanics (BEAM) in the College of
Engineering (COE) at Virginia Tech and implemented in the fall of 2017. The purpose of this
BME degree is to provide state-of-the-art academic training to undergraduate students so that
they may tackle emerging societal issues related to engineering aspects of the growing field of
health care. The new Bachelor of Science in Biomedical Engineering degree addresses
anticipation of the US Department of Labor Statistics! for a 27% job growth from 2012-2022.
This is more than double the 11% outlook for all occupations. Ten year data from the American
Society of Engineering Education? (2002-201 1) showed that even though the discipline is newer
as compared to other engineering areas, the large interest in BME has allowed it to maintain a
sizable growth rate in comparison to the other engineering fields in both undergraduate and
graduate programs. Finally, biomedical engineering programs represent the largest growth in
new engineering programs accredited by the Accreditation Board for Engineering and
Technology (ABET)? in recent years. The BME program will provide a new and exciting degree
opportunity for undergraduates. Graduates from this degree program will have the critical

thinking skills and laboratory competencies necessary to become leaders capable of addressing
career opportunities that include, but are not limited to:

Design of Medical Devices: As the aging baby-boom generation lives longer and stays
active, there is a pressing need to design systems and products that interact with and
replace body parts. Novel technologies are needed to diagnose and treat medical
problems more accurately than at present.

Optimize and Train on Biomedical Equjpment: Providing technical assistance and

training to clinicians as to the safety, efficiency, effectiveness and proper use of

biomedical equipment will be a significant commitment as the health care industry
expands with the aging population.

! Occupational Outlook Handbook. (n.d.). Retrieved from hitp://www.bls.gov/ooh/architecture-
and-engineering/biomedical-engineers.htm
2 Yoder, B. L. (2012). Engineering by the Numbers. American Society for Engineering
Education, Washington, DC. Retrieved from http://www.asee.org/papers-and-
publications/publications/14_11-47.pdf ,
3 Criteria for Accrediting Engineering Programs, 2015 — 2016. (n.d.). Retrieved from
http://Www.abet.org/accreditation/accreditation-criteria/criteria-for—accrediting-engineering-
programs-2015-2016/
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Pharmaceutical and Medicine Manufacturing: The demand for personalized health care
will require advancement in medical therapeutics such as nanomedicine and drug
delivery systems capable of targeting specific diseases.

Translational Scientific Research: Rapid advancement in technology will continue to
create opportunities for biomedical engineers. Further translational research is needed to

understand the engineering aspects of biological systems of humans and animals in order
to advance prevention of injury and disease.

As evidenced by these select examples, the importance of training in biomedical engineering is
reflected directly by a worldwide increase of health care needs. With the goal of designing
solutions to problems in biology and medicine, biomedical engineers will have the opportunity to
improve the quality and effectiveness of patient care. Due to the multidisciplinary nature of the
biomedical engineering community, graduates with a degree in biomedical engineering are
recruited into a broad range of health, industrial and educational activities. Individuals with a
Bachelor of Science degree in Biomedical Engineering will be prepared to enter the job markets
associated with these issues. Moreover, graduates with a Bachelor of Science degree in

Biomedical Engineering will be prepared and competitive for entry into professional and
graduate schools.

Based on these motivating factors and the department’s unique capabilities, this program strives
to develop Biomedical Engineering and Mechanics (BEAM) as a national leader in
biomedical engineering undergraduate education. This will be accomplished by the following
three objectives:

* FEducate and train the future biomedical engineers for a complex, diverse and global
workplace. The department will provide a high quality, relevant educational program
using the latest technology and educational techniques.

* Expose students and allow opportunities for students to conduct state-of-the-art
research that embraces societal challenges.

* Capitalize on the department’s biomedical partnerships with: Virginia Tech Carilion
and Virginia Tech Carilion Research Institute, Institute for Critical Technology and
Sciences, Virginia-Maryland College of Veterinary Medicine, Biocomplexity Institute of

Virginia Tech, Virginia Tech Transportation Institute, and Edward Via College of
Osteopathic Medicine.

Curriculum Summary

A total of 122 credit hours will be required for the Biomedical Engineering degree. The
Biomedical Engineering curriculum will include all requirements for the curriculum for General
Engineering (29 credits) which include: Foundations of Engineering I and II (4), First-Year
Writing I and IT (6), Calculus of a single Variable I and II (8), General Chemistry and Lab (4),
Foundations of Physics I with lab (first portion) (4), and 6 additional credits of Curriculum for
Liberal Education (CLE) * courses in areas 2, 3, 4 or in the Pathways Curriculum if that is
adopted by the time of the major’s estimated start date.

* College of Engineering First Year Courses. Retrieved from:
http://www .enge.vt.edu/undergraduate/courses.html
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Additional entry-level math and engineering courses will be required (21 credits). These should
include Multivariable Calculus (3), Statics (3), Dynamics (3), Introduction to Differential

Equations (3), Mechanics of Deformable Bodies (3), Introduction to Linear Algebra (3), and
Statistics (3).

Additional entry-level science courses will also be required (19 credits). These should include
Introduction to Biomedical Engineering (3), Foundation of Physics I with Lab (2" portion) (4),

Principles of Biology (3), Electrical Theory (3), Elements of Materials Engineering (3), and a
programing course (3).

Collectively the 1000 and 2000-level courses will provide the necessary background that
students will need in order to be successful their junior and senior year with the 3000 and higher
courses. After successful completion of these courses with a grade of C- or higher, students
should have a broad appreciation and understanding for the biomedical engineering field as well
as the foundation for the Biomedical Engineering courses. The required coursework is designed
to give students advanced critical thinking skills and exposure and practice related to research
problems, laboratory and writing skills, and professional development.

In their junior and senior years, students will be required to take upper level BME classes (16
credits) which include BME Cellular Lab and Design (2); Fluid Mechanics I (3); Introduction to
Medical Physiology (3); Bioinstrumentation and Design for Living Systems (2); Problem
Solving in Biomedical Engineering (3); and Global Societal and Ethics in Biomedical
Engineering (3). Additionally, they will be required to take 21 credits of special technical
electives in the field and 10 credits in the Curriculum for Iiberal Education (CLE) requirements
(areas 2, 3, 6, and 7). Note: The proposed Pathways Requirements will replace the Curriculum
Jor Liberal Education should it be adopted by the start of this proposed degree. Finally, students

must complete 6 capstone senjor design project credits in order to be awarded the Biomedical
Engineering Degree.

The degree core for the Bachelor of Science in Biomedical Engineering (22 credits) will include
Introduction to Biomedical Engineering (3); BME Cellular Lab and Design (2); Introduction to
Medical Physiology (3); Bioinstrumentation Laboratory & Design (2); Problem Solving in BME
(3); 6 credits of BME Senior Design and Project (6); and Global, Societal and Ethics in BME (3).

Working with their academic advisors, students will be able to customize their degree program to
focus on sub-discipline areas within the broader field of biomedical engineering and prepare
them for specific career objectives as well as graduate school. A capstone project in senior year
along with the previous coursework will prepare students for networking with companies and
provide a unique skillset and practice to enhance marketability after graduation. All of these
requirements build upon the current BME minor which requires 6 credits of BME introductory
course work, 6 credits of BME electives and 6 credits of BME research in addition to the College
of Engineering and Virginia Tech course prerequisites. (See Appendix A)

Relevance to University Mission and Strategic Planning
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The Virginia Tech Mission Statement” states, "Virginia Tech is a public land-grant university
serving the Commonwealth of Virginia, the nation, and the world community. The discovery and
dissemination of new knowledge are central to its mission. Through its focus on teaching and
learning, research and discovery, and outreach and engagement, the university creates, conveys,
and applies knowledge to expand personal growth and opportunity, advance social and
community development, foster economic competitiveness, and improve the quality of life." The
proposed B.S. in Biomedical Engineering degree supports the instructional mission of the

Department of Biomedical Engineering and Mechanics by creating a signature educational
experience at Virginia Tech.

The Virginia Tech 2012-2018 Strategic Plan® proposes major growth in the fields of "science,
technology, engineering, mathematics, and health sciences (STEM-H)". Three principle
strategies for improving undergraduate education are "Increase ... experiential learning
opportunities by adopting a hands-on, minds-on philosophy that promotes connecting real-life
experience with academic concepts, ...develop ways to integrate computational science /
informatics and digital fluency for managing and analyzing complex data sets,” and “Increase the
quality and availability of academic advising for all students from orientation through
graduation.” A Bachelor of Science in Biomedical Engineering degree will provide students
with the necessary tools to help Virginia Tech grow as a high-ranking institution and make its

graduating students and alumni highly attractive to employers in the Commonwealth and
beyond.

President Sands noted” that the university should strive to increase Virginia Tech’s US rankings,
become a top-100 global research university and continue to attract high-quality students with
world-leading interdisciplinary programs and research opportunities. A new Biomedical
Engineering degree can help achieve these goals. A Biomedical Engineering degree would allow
students to pursue a superior education that focuses on multidisciplinary research and global
discovery. Analyses of research and economic projections clearly indicate that Biomedical
Engineering is a leading growth area world-wide. In addition, implementing a degree in
Biomedical Engineering will help recruit, educate, and graduate a talented and diverse
undergraduate student body, which is a university priority. The Department of Biomedical
Engineering and Mechanics expects that students graduating from Virginia Tech with a
Biomedical Engineering degree will serve as key members of research, development, and
manufacturing teams and translate ideas that grow from basic biomedical and clinical sciences

into systems, devices, and techniques that can be patented, produced, and marketed to improve
health care outcomes.

Justification for the Proposed Program

> Mission and Vision Statements of the University. Virginia Tech. Retrieved from
http://www.president.vt.edu/mission_vision/mission.html

82012 Strategic Plan, A Plan For A New Horizon: Envisioning Virginia Tech. Retrieved from:
https://www.president.vt.edu/strategic-plan/strategic-plan.html

7 Sands, T. (2014, October 17). Installation Speech by Timothy Sands. Retrieved from:
http://www.president.vt.edu/about-the-office/statements/101714-installation-speech.html

8 http://www.bls.gov/careeroutlook/2012/spring/spring201200q.pdf
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Biomedical engineering has become one of the fastest growing fields of engineering worldwide. The
Bureau of Labor Statistics states that employment of biomedical engineers is expected to grow by 62 %
from 2010 to 2020, much quicker than the average for all engineering professions®. At Virginia Tech,
many undergraduate students are interested in BME, as evidenced by the number of students who are
enrolled in the BME Minor Program (170 students as of January 2016). Currently, VT undergraduates
who are interested in BME are advised to pursue a major in chemical, biological systems, or
mechanical engineering, taking technical electives in the BME area. However, a dedicated

undergraduate program will allow this opportunity to be marketed to bring additional opportunities
within the College of Engineering.

Although gender diversity is poor in engineering as a whole, the BME discipline has historically been
attractive to women. The fraction are those receiving BS degrees in BME who are women is
approximately 40%. BME is a challenging program — integrating engineering and the biomedical
sciences. Admission to the Virginia Tech BME program will be competitive. It is anticipated that such
a program will attract many outstanding students, vet, the addition of a new undergraduate program in
Biomedical Engineering at VT needs to be developed and implemented so that students within the
program receive the same outstanding education as their fellow COE peers.

Virginia Tech is in a premier position to offer this new degree. A recent survey by Gallup
indicated that “Virginia Tech alumni are more likely than the national college graduate
comparison group as well as graduates in peer institution and research university cohorts to be
thriving in every element of well-being.” Gallup defines the five elements as purpose, social,
financial, community, and physical well-being.” An undergraduate degree in Biomedical
Engineering will help the Department’s future alumni achieve well-being in these five domains,
increase Virginia Tech’s prestige, and invite more alumni donations as the Department’s students
graduate with the ability to gain BME-related jobs.

Since the Department of Biomedical Engineering merged with the Department of Engineering
Science and Mechanics, the new Department of Biomedical Engineering and Mechanics
(BEAM) has seen tremendous growth both inside and outside of the department. This
Department has unique partnerships unavailable to other universities in Virginia or in the United
States, including ties with prestigious groups such as the Edward Via College of Osteopathic
Medicine, Virginia-Maryland College of Veterinary Medicine, Virginia Tech Transportation
Institute (VTTI), Institute for Critical Technology and Applied Science (ICTAS), Virginia Tech
Carilion School of Medicine (VTCSOM), and Virginia Tech Carilion Research Institute
(VTCRI). The existing Biomedical Engineering graduate degree program and Biomedical
Engineering undergraduate minor have already benefited from these unique partnerships and it is
expected that a new undergraduate BME degree program will likewise benefit.

? “Great Jobs, great lives: Virginia Tech alumni thrive, according to Gallup survey.” Virginia

Tech. Web. 28 Aug. 2015. Retrieved from: http://www.vtnews.vt.edu/articles/2015/08/082815-
dsa-gallupalum.htm]
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Students in this program will have access to world renowned researchers in specialized fields of
biomechanics, tissue engineering, neuroengineering, biomedical imaging, translational cancer
research, cardiovascular engineering, nanomedicine, and nanobioengineering. The department’s
teaching and research expertise position it for a smooth transition from the BME minor to the
B.S.in BME. Some of Virginia Tech’s most prestigious faculty are affiliated with the

Department of Biomedical Engineering and Mechanics including the Dean and University
Center Directors.

Both faculty and student interest has steadily increased within the existing minor and graduate
degree programs. By creating an undergraduate Biomedical Engineering degree, students will
have the opportunity to study biomedical engineering fields intensively as well as double-major
in BME and a wide variety of related degree programs such as Physics and other Engineering
disciplines. This program will also prepare undergraduate students who want to pursue a
graduate education in biomedical engineering, medicine, or other areas of science and
engineering. As one of the top institutions in the United States, Virginia Tech’s hands-on,
engaged approach to education and preparation of scholars to be leaders in their fields and
communities is an excellent foundation for a B.S. in Biomedical Engineering, a field that reflects
the Virginia Tech motto Ut Prosim (That I May Serve).

Student Demand

There is tremendous student interest in the field of biomedical engineering at Virginia Tech.
Because of expressed interest, a Biomedical Engineering minor was created in 2012. Enrollment
in the minor has grown steadily and currently has 170 students enrolled. The student interest in
biomedical engineering at Virginia Tech reflects the national trend showing strong interest
among undergraduate students in biomedical engineering. As shown in Figure 1, data from the
American Society for Engineering Education (ASEE)'?, reveal that biomedical engineering is the
8™ top major for undergraduate students in engineering colleges.
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Figure 1. Undergraduate Enrollment by Discipline (2012-2013)°
‘ Yoder, B. L. (2012). Engineering by the Numbers. American Society Jor Engineering
Education, Washington, DC. http://www .asee.org/papers-and-publications/publications/14 11-
47.pdf.
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Figure 2. Percentage of Bachelor’s Degrees Award to Women by Discipline (2012-2013)1

Although gender diversity is poor in engineering as a whole, the field of biomedical engineering
has historically attracted more women than other engineering specialties. Approximately 40% of
those receiving a B.S. degree in Biomedical Engineering are women, as shown in Figure 2.
Therefore, adding this degree can help attract and recruit women, contributing to increasing the
gender diversity of undergraduate engineering students at Virginia Tech.

In 2012, Forbes'! ranked Biomedical Engineering as the number one major that was worth
student’s tuition, time, and effort: “These aren’t majors that anyone could do. They’re hard,
-..there is high demand for them and a low supply of people with the skills, so it drives up the
labor market price.” Spontaneous inquiries and expressions of interest from potential students
has been another indicator of student interest. The department has archived the numerous emails
from potential students interested in pursuing a B.S. in Biomedical Engineering. Many of these
students are high school juniors and seniors who are considering enrollment at Virginia Tech.
These students voice disappointment when they hear that Virginia Tech does not offer a B.S. in
Biomedical Engineering. Virginia Tech is potentially losing bright and talented students to other
universities in the country due to a lack of availability of a B.S. in Biomedical Engineering. This
potential loss also effects the Biomedical Engineering graduate program when the department
has to spend extra funds on recruitment efforts to bring these highly sought- after students at
other universities to Virginia Tech, as well as our graduates that wish to pursue a higher degree.

" Goudreau, J. (2012, May 15). The 15 Most Valuable College Majors. Retrieved from
http://www.forbes.com/sites/jennagoudreaun/2012/05/1 S/best-top-most-valuable-college-majors-
degrees/
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Market/Emplover Demand

Analyses of every research and economic projection clearly indicate that the Biomedical Engineering
field is a leading growth area. The following reports from news and journals show the critical

motivating factors that justify the development of this undergraduate biomedical education program at
Virginia Tech.

National Demand: The US News and World Report'reported that according to the U.S. Department of
Labor, “employment of biomedical engineering is expected to grow by 62 percent between 2010 and
2020”. Additionally, the Bureau of Labor Statistics states: “Employment of Biomedical Engineers is
projected to grow 27 percent from 2012 to 2022, much faster than the average for all occupations”.
Other news sites such as Boston.com' go on to say that “The aging of the population and a growing
focus on health issues will drive demand for better medical devices and equipment designed by
biomedical engineers.” Biomedical Engineering undergraduates often go on to pursue industry (1/3),
medical school (1/3), or graduate school in engineering or law (1/3). As a degree, Biomedical
Engineering is quickly becoming one of the most valuable majors with places like Forbes listing
Biomedical Engineering as the No. 1 most valuable college major in America.'

Major news outlets and the Department of Labor are not the only ones noticing the growing trend in
Biomedical Engineering. Several research journals have also published findings that support a future

need for growth in Biomedical Engineering programs. The Annals of Biomedical Engineering" found
that:

“Financial opportunities, expansion of research applications for engineering methods and techniques
to biomedical problems, and the associated eruption of the quantity and quality of quantitative life
science investigations have driven the growth of academic BME programs. So, too, has intense
student interest...Since 2010, 17 additional BME programs have been accredited ... with 92
accredited programs already, one can guess that over the next 25 years, the total number of ABET
accredited undergraduate programs in the US may rise to a total of 150-175”

Another article that was published in Nature, spoke of the increased commercial interest of Biomedical
Engineers. They noted that students are finding themselves with multiple job offers after graduation
and that “Job prospects are bright in biomedical engineering (BME), which combines engineering
design skills with biological expertise, and students are flocking to enter the field”.

'2 Engineering School Tips for Success. (2013, March 26). US News and World Report.
Retrieved from: http://www.usnews.com/education/best-graduate-schools/top-engineering-
schools/articles/2013/03/26/engineering-school-tips-for-success-2

* Top 30 fastest-growing jobs by 2018. (2013, December 30). Retrieved from
http://www.boston.com/jobs/2013/12/27/top-fastest-growing-
jobs/aUvFsEjhGN3igQeNKohyceM/story.html#slide-1

'* 15 Most Valuable College Majors. (n.d.). Retrieved from
http://www.forbes.com/pictures/Imj45igfi/no-1 -biomedical-engineering/

15 Hart, R. T. (201 5). Biomedical Engineering Accredited Undergraduate Programs: 4 Decades
of Growth. Annals of biomedical engineering, 1-3.
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They go on to mention that because “biomedical engineering is made up of two fields that will never g0
away, and are constantly changing, and are in demand” biomedical engineers have key marketable
qualities that companies such as medical-device manufacturers, pharmaceuticals, and the drug industry
are “beginning to see the value of biomedical engineers. . ..because they can move bioinformatics and
computational biology forwards”. ' Additionally, an article published in the Journal of the American
Medical Association (JAMA)" stated: “At each juncture along the continuum from basic biomedical
research to clinical research to improved health, it is imperative that our national clinical research
expertise have adequate resources and infrastructure”. They went on to say that it is recommended that
specific stakeholders “recognize biomedical informatics as a scientific discipline by creating
educational programs and tenure track opportunities for researchers”.

Local Demand: On March 1, 2016, we issued a survey which polled all undergraduate College of
Engineering (COE) students at Virginia Tech who are enrolled in the Biomedical Engineering
Minor Program (total 171). The poll ask only 5 questions.

1. Gender

Ethnicity

Current Major

Expected graduation date

If BME was available as an undergraduate degree at VT, would you have pursued it?

A

Results were collected from 113 of the 171 students. There was a 47/53% of responses from

males vs. female students, respectively. The results in Table 1 depict a strong interest in
pursuing a BME BS at VT.

Table 1. Survey Questions #5: If BME was available as an undergraduate degree at VT, would you

have pursued it? Results indicated significant interest in BVME at VT.
* %

1 Yes 91 - 81%

2 Maybe SR 17 o 15%

3  No B 5 4%
Total 113 100%

Without a Biomedical Engineering program, it is very likely that we will lose top quality
students to other schools as they look for Biomedical Engineering programs. Historically, high
school students and their parents have routinely asked about an undergraduate Biomedical
Engineering programs and opportunities and have been disappointed to find out that only a

graduate program and minor currently exists. In addition, Schools.com'® projects the career
outlook for biomedical engineers in Virginia at 95.9%.

18 Gewin, V. (2003). Biomedicine meets engineering. Nature, 425(6955), 324-325.

"7 Sung, N. S., Crowley Jr, W. F., Genel, M., Salber, P., Sandy, L., Sherwood, L. M. & Rimoin,

D. (2003). Central challenges facing the national clinical research enterprise. Jama, 289(10),
1278-1287.

18 Rainey, K. (2014, June 9). Biomedical engineer salary & career outlook. Retrieved from
http://www~schools.com/news/biomedical—engineer-sa]ary-career—outlook.html
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Additional Critical Motivational Factors:

* Increasing engineering diversity at Virginia Tech by recruiting at the undergraduate,
graduate, and faculty levels: Approximately 40% of Biomedical Engineering students
are female.

* Capitalizing on unprecedented biomedical growth at Virginia Tech through a range of
new programs, institutes and partners will help create new jobs and technology.

* Virginia Tech COE is the only program in the top 50 across the U.S. without an
undergraduate program in Biomedical Engineering. Adding a degree in Biomedical
Engineering will also increase the university’s rankings nationally.

* Increasing Biomedical Engineering faculty will increase research expenditures.

* Increasing philanthropic donations from individuals and companies with Biomedical
Engineering interests and desires for better health.

Employment Demand

Biomedical Engineering has become one of the fastest growing fields of engineering worldwide.
Biomedical engineers analyze and design solutions to problems in biology and medicine with the goal
of improving the quality and effectiveness of patient care through jobs in universities, hospitals,
manufactures, government agencies, and research facilities. A bachelor’s degree in engineering is
required for almost all entry-level engineering jobs. The Bureau of Labor Statistics 920 (BLS) states
that employment of biomedical engineers is expected to grow by 62 % from 2010 to 2020 with about
5,200 new jobs over the next 10 years, much quicker than the average for all professions. It is
projected that the demand will only increase as an aging population is likely to need more medical care
which there will be a need from increased biomedical engineering advances. In 2012, BLS estimated
19,400 jobs in biomedical engineering for job seekers with a bachelor’s degree. Job seekers with
biomedical engineering bachelor degrees were reporting from $41.81 per hour to a median of $86,960+
per year at entry-level positions (Tables 2 and 3).

Table 2: Job Growth Projections (2012-2022) for Biomedical Related Occupations
(U.S. Bureau of Labor Statistics; accessed Sept. 2015)%!

Job Title SOC Code Employment Projected Percentage Median Typical
2012 Employment Change Annual Entry-Level
2022 Wages Education
2012
Biomedical 17-2031 19,400 24,600 26.6% $86,960 Bachelor’s
Engineers Degree
Biomechanical
Biochemical
Biomedical
Dialysis
Genetic

Table 3: Job Growth Projections (2010-2020) For Biomedical-Related Occupations
(Virginia Employment Commission)

Job Title SOC Code  Employment Projected Total Annual
2010 Employment Percentage Percentage
2020 Change Change
Biomedical 17-2031 462 905 95.9% 7%
Engineer

10
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Resource Needs / Savings

The newly created BME program will launch with a fixed class size of 40 students per

year. Based on the current faculty to student class ratio of 8:1, we anticipate to hire 2 new
faculty members and 2 new instructors to help cover the required courses. The BME degree
student class size may change based on a yearly evaluation of student demand and departmental
resources. The BEAM department future resources will be subject to the new budgeting models
being developed by the University.

RESOURCE ESTIMATED COSTS (use NA if not applicable)

Faculty $429,600 (salary and benefits for 2 faculty and 2
instructors)

Administrative Staff NA

Graduate Teaching/ NA

Graduate Research Assistants

Space Shared use of general assigned space

Library NA

Equipment $700,000 (part of startup)

Other NA

' Occupational Outlook Handbook. (n.d.). Retrieved from: hitp://www.bls.gov/ooh/architecture-
and-engineering/biomedical-engineers.htm

2% Occupational Employment and Wages, May 2014, 17-2031 Biomedical Engineers. (n.d.).
Retrieved from: http://www.bls.gov/oes/current/oes] 72031.htm

2 Employment Projections. (n.d.). Retrieved from: http://data.bls.gov/projections/occupationProj

11
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Appendix A: Sample Plans of Study

COLLEGE OF ENGINEERING - DEPARTMENT OF BIOMEDICAL ENGINEERING AND MECHANICS
BACHELOR OF SCIENCE IN BIOMEDICAL ENGINEERING
FOR STUDENTS GRADUATING IN CALENDAR YEAR 2020

FALL SEMESTER FRESHMAN 2016

122 CREDITS REQUIRED FOR GRADUATION

SPRING SEMESTER FRESHMAN 2017 k

FALL SEMESTER SOPHOMORE 2017

C redIts N

CrdIts Credlts
CHEM 1035 General Chemistry 3 ENGL 1106 First-Year Writing 3
Co: MATH 1025 or MATH 1225 Pre: ENGL 1105
CHEM 1045 General Chemistry Lab 1 MATH 1226 Calculus of a Single Variable 4
Co: CHEM 1035 Pre: MATH 1225
. .- MATH 2114 Introduction to Linear Algebra 3
ENGL 1105 First-Year Writing 3 | |Pre: MATH 1225 (minimum grade of B) or MATH 1226
: - PHYS 2305 Foundations of Physic I 4
IJ\JM_TE %21{5 Cslcums of a Single Variable (C-) 4 Pre: (MATH 1205 or MATH 1205H or MATH 1225) or (MATH
re: Maih heady 1206 or MATH 1206H or MATH 1226)
I?;IGE Alﬁ}l{S}l;ggndatlons of Engineering (C-) 2 ENGE 1216 Foundations of Engineering (C-) 2
CLE (Areas 2, 3, or 7)" 3 Pre: ENGE 1215
TOTAL 16

B SPRING SEMESTERNSOPHOMORE 2018

BIOL 1105 Principles of Biology’

BMES 2104 Introduction to Biomedical Engineering®

TOTAL

]
Co: BIOL 1115 3 Pre: ENGE 1216, PHYS 2305 Co: MATH 2214 3
: P ESM 2204 Mechanics of Deformable Bodies
}I:./IA'I/;ZI‘I 7%}2[014221I6m0duct10n to Multivariable Calculus 3 Pre: ESM 2104, (MATH 2224 or MATH 2224H or MATH 2204 or MATH 3
re 2204H)
; ; - : ESM 2304 Dynamics
ATl o218 nwoduction tilg;fﬁrfg? Equations 3| |Pre: ESM 2104, (MATH 2224 or MATH 2224H or MATH 2204 o | 3
re. or 2114, MATH 2204H), Co: MATH 2214
ESM 2104 Statics . . . 3
Co: MATH 2224 or MATH 2224H or MATH 2204 or MATH 2204H 3 MSEC%034 ]Ialemem? of Ma;e“als Engincering
o VATH 29061 Pre: CHEM 1035, Co: PHYS 2305
PHYS 2306 Foundations of Physics I with lab 4 ECE 3054 Electrical Theory 3
Pre: MATH 1226, PHYS 2305 Pre: PHYS 2306, Co: MATH 2214
16 TOTAL| 15

ALL EMESTER SENIOR 2019

FALL SEMESTER JUNIOR 2018 Credits SPRING SEMESTER JUNIOR 2019 Credits
BMES 3024 BME Cellular Lab and Design® 2IF] BMES 3034 Bioinstrumentation Laboratory & Design for 218]
Pre: BMES 2104 Living Systems® Pre: BMES 2104
ESM 3234 Fluid Mechanics I — Control Volume Analysis 30F) BMES 3184 Problem Solving in BME® 305]
Pre: ESM 2304, PHYS 2306 Pre: BMES 2104
BMES/BMVS 406'4 Introduction to Medical Physiology® 30F) BMES Technical Elective? 3
Pre: Junior Standing
STAT Course? 3 Technical Elective’ 3
CLE (Area2,3 or 7) CS Programming Course® 3

OTAL

SPRING SEMESTER SENIOR 2020

BMES 4015 BME Senior Design and Project®
Pre: BMES 3184

BMES 4016 BME Senior Design and Project®
Pre: BMES 4015

BMES 4134 Global, Societal and Ethics in BMES BMES Technical Elective* 3
BMES Technical Elective* 3 BMES Technical Elective* 3
Technical Elective® 3 Technical Elective® 3
CLE (Area2,3 or7) 3 CLE (Area2,3 or7) 3
CLE (Area 6) 1

! A total of 6 hours of Area 2 and 6 hours of Area 3 courses must be completed. Only selected courses can simultaneously satisfy both Area 2/3 & 7 requirements.

Use extra care when selecting this course.
28TAT course chosen from: STAT 3615, STAT 4604
3CS programming course chosen from: CS 1044, CS 1064, or CS 1114

“BMES Technical Electives may be chosen from those listed on the Approved Technical Electives list on page 4 of checksheet
*Technical Electives may be chosen from those listed on the BMES Electives list on page 3 of checksheet

Course satisfies BMES degree core requirement

"BMES students are not required to take BIOL 1115 as a co-tequisite to BIOL 1105
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Curriculum for Liberal Education (CLE)

Consult the CLE Alphabetical Listing at: http://www.cle.prov.vt.edu/guides/alpha.html, CLE courses need to be completed
prior to graduation

CLE Area 1: Writing and Discourse (6 hrs) ENGL 1105 (3) |IENGL 1106 | (3)
CLE Area 2: Ideas, Cultural Traditions, Values Electives (6 hrs) 3 A3)
CLE Area 3: Society & Human Behavior electives (6 hrs) 3 3)
CLE Area 4: Scientific Reasoning and Discovery (8 hrs) PHYS 2305 (4) IPHYS 2306 | (4)
CLE Area 5: Quantitative and Symbolic Reasoning (8 hrs) MATH 1225 (4) MATH 1226 | (4)
CLE Area 6: Creativity & Aesthetic Experience elective (1 hr) 1)
CLE Area 7: Global Issues Elective (3 hrs)! 3)

If a CLE course is double-counted to satisfy two different CLE areas, a free elective(s) must be taken to maintain a
minimum of 122 credits.

'A total of 6 hours of Area 2 and 6 hours of Area 3 courses must be completed. Only selected courses can
si usly sati d’ i ts € extra ¢ ti this cours

Biomedical Engineering (BMES) Technical Electives (12 credit hours required)
Any 3-credit BMES 3/4/5000-level course not otherwise used to fulfill a BME requirement can be used as a

technical elective. BMES Technical Electives may be chosen from the approved list on page 4 of the checksheet.
Technical Electives (9 credit hours required)

An approved 2/3/4000-level course in another discipline that has significant technical content relevant to the science
or application of biomedical engineering can be used as a technical elective. Technical Electives may be chosen
from the list on page 3 of the checksheet.
Change of Major Requirements: For change of major requirements, please see:
http://www.enge.vt.edu/undergraduate/undergraduate-changing-majors
Foreign Language Requirements: Students must have had 2 years of a foreign language in high school or one year
at the college level (6 credit hours) of the same language. College-level credits used to meet this requirement do not
count towards the degree.
Satisfactory Progress Towards Degree: University Policy 91 outlines university-wide minimum criteria to
determine if students are making satisfactory progress towards the completion of their degrees. The BME Department
fully supports this policy. Specific expectations for satisfactory progress for Biomedical Engineering majors are as
follows:
e Each student must meet the minimum University-wide criteria as described in Policy 91 and summarized in
the Undergraduate Catalog (under Academic Policies)
»  After having completed 72 credit hours (including transfer, advanced placement, advanced standing, and
credit by examination) must have:

o Maintain an in-major GPA (in-major GPA is calculated using all courses taught under the BMES
designator) and an extended in-major GPA (extended in-major GPA is calculated using all BMES
courses and ESM 2104, 2204, and 2304) of 2.0 or better

o  Complete a minimum of 12 credits that apply toward the BME degree per academic year (including
summer and winter sessions).

Statement of Hidden Pre-requisites:
e There are no hidden pre-requisites in this program of study.
¢  Pre-requisites may change from what is indicated. Be sure to consult the University Catalog or check with
your advisor for most current requirements.

Graduation Requirements: Each student must complete at least 122 semester credit hours with a minimum overall
GPA of 2.00 and a minimum in-major GPA of 2.00.

Note: This will be replaced by the Pathways Curriculum if it is approved by the start of
this proposed program.
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Appendix A-2: BMES Technical Electives*

BMES 3124 — Introduction to Biomechanics Pre: BMES 2104, ESM 2204, ESM 2304

BMES 3134 — Introduction to BME Imaging Pre. BMES 2104, (MATH 2204 or 2204H), PHYS
2306

BMES 3144 - Biomedical Devices Pre: BMES 2104

Students in their senior year, with 3.0 or better GPA, may enroll in 5000-level courses
satisfying undergraduate degree requirements within their department’s with the
permission of the course instructor and the Department Head.

BMES 5054 — Quantitative Cell Physiology Co: BMES 5044

BMES 5064 — Quantitative Organ Systems Physiology Co: BMES 5044

BMES 5024 (cross-listed with BMVS 5224) — BME and Human Disease Pre: BMES 5004 or
BMES/BMVS 4064

BMES 5044 (cross-listed with BSE 5044 and CHE 5044)—- Engineering Mathematics

BMES 5124 (cross-listed with ESM 5224)— Advanced Musculoskeletal Biomechanics

BMES 5184 — Injury Physiology Pre: BMES 5004, Co: BMES 5164

BMES 5314 — Introduction to Regenerative Medicine

BMES 5714 — Biomedical Microdevices

* New courses will be developed as the demand grows.
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Appendix A-3: Approved Technical Electives

Students choose from the courses listed below, noting that some courses are not available to all students
because some courses have prerequisites and some are restricted to majors in the offering department.

BCHM 3114 Biochemistry for Biotechnology | ESM 4245- Mechanics of Animal Locomotion
and the Life Sciences ESM 4246
BIOL 2004 Genetics ESM 4304 Hemodynamics
BIOL 3134 Human Genetics HNFE 3634 | Epidemiologic Concepts of Health
and Disease
BIOL 4704 Immunology HNFE 3824 | Kinesiology
BIOL 4734 Inflammation Biology HNFE 4844 | Exercise and Neuromuscular
Performance
BMVS/BCHM | Environmental Health ISE 3614 Human Factors Engineering and
4034 Toxicology Ergonomics
BMVS 4054 Laboratory Animal Management | ISE 4624 Work Physiology
BMVS 4074 Pharmacology MATH 3214 | Calculus of Several Variables
BSE 3534 Bioprocessing Engineering MATH 4234 | Elementary Complex Analysis
BES 4544/ Protein Separation Engineering MATH 4445- | Introduction to Numerical Analysis
CHE 4544 MATH 4446
CHE 4104 Processing Materials ME 4034 Bio-inspired Technology
CHE 4304 Biological Transport Phenomena | ME 4524 Introduction to Robotics and
(ME 4344) Automation
CHEM 2535- Organic Chemistry ME 4864 Micro/Nano-Robotics
CHEM 2536
CHEM 2545- Organic Chemistry Laboratory MSE 4164 Principles of Materials Corrosion
CHEM2546
CHEM 4554 Drug Chemistry MSE 4304 Metals and Alloys
CS 3824 Introduction to Computational MSE 4574 Biomaterials
Biology and Bioinformatics
CS 4884 Computational Biology and MSE 4584 Biomimetic Materials
Bioinformatics Capstone
ECE 4580 Digital Processing Imaging MSE 4614 Nanomaterials
ECE 4624 DSP and Filter Design NEUR 3044 | Cellular and Molecular
Neuroscience
ECE 4405-ECE | Control Systems PHYS 3324 Modern Physics
4406
ESM/MSE Mechanical Behavior of PHYS 3405- | Intermediate Electricity and
3054 Materials PHY'S 3406 Magnetism
ESM 4024 Advanced Mechanical Behavior of | PHYS 4455- | Introduction to Quantum Mechanics
Materials PHYS 4456
ESM 4044 Mechanics of Composite Materials | PHYS 4504 Introduction to Nuclear and Particle
Physics
ESM 4105- Engineering Analysis of PHYS 4574 | Nanotechnology
ESM 4106 Physiologic Systems
ESM 4204 Musculoskeletal Biomechanics PHYS 4614 | Optics
ESM 4224 Biodynamics & Control PHYS 4714 Introduction to Biophysics
ESM 4234 Mechanics of Biological

Materials and Structures
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Department of Biomedical Engineering and Mechanics

%Vll‘glniarfedl« Kelly Hall, Room 317 (MC 0298)

s - 325 Stanger Street
College of Engineering ~ Blacksbufg, VA 24061
540-231-8191 Fax: 540-231-9738

www.vt.edu

Department Letters of Support

1. Chemistry

2. English

3. Math

4. Engineering Education

5. Phyéics

6. Biology

7. Material Science Engineering
8. Electrical Engineering

9. Computer Science

10. Statistics

11.Chemical Engineering
12.Mechanical Engineering
13.Biological Systems Engineering
14.Neuroscience

15. Biomedical Sciences and Pathobiology

16.Human Nutrition, Food and Exercise

Invent the Future

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
An equal opportunity, affirmative action institution



Attachment E

Department of Chemistry (MC0212)

% VirginiaTECha 2103 Hahn Hall South

. Blacksburg, Virginia 24061
Coilege of SCEenCG 540-231-3090

email: gyee@vt.edu
www.chem.vt.edu

December 17, 2015

Pam VandeVord

BEAM

Associate Department Head for Undergraduate Studies
BEAM (0194)

Virginia Tech

Dear Pam,

The Department of Chemistry supports the use of CHEM 1035 and 1045 General Chemistry
as the required chemistry course for Biomedical Engineers. We also support listing CHEM 1036,
General Chemistry, CHEM 1046 General Chemistry Lab, CHEM 2535/2536 Organic Chemistry,
CHEM 2545/2546 Organic Chemistry lab and CHEM 4554 Drug Chemistry as electives. This is
based on an estimate of 12 students per year. If a student is pre-med, he/she will have to have all
but the Drug Chem course and this represents a fairly significant request because of the labs. We
can support this conditionally until we know the true numbers, but as circumstances change, we

would have to revisit the question and hope that we can count on you for support of a request for
additional resources,

Gordon T, Yee

Associate Professor

Director of Undergraduate Programs

Invent the Future

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
An equal opportunity, affirmative action institution
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2. English

Ginney Fowler <viowleriglt et RFA 3L TSR N
1o Pam iacks «
Dear Dr VandeVora:
The English depariment i bapey to have you intlude English $105. 4106, (and 1204M) on yous chack sheet
Ginney Fowsler
Vg G Fowtes Iy
Peolesaon & Drrector of
Vidergadure Sicies
in Engluin
313 Stk Hal)
Virgnia Teck
Blacksbirg. W MO6L-0112
HOIILENN (o) MU LN (b

<Chackshast BMES_Oraf.pdi>

3. Math

Pem VondeVord <puend@ut. eduy Jn € - v
e Pated v {'3

Hi Peter R

+ om Jollowing up on the raquest for a support [stter from your dapanment for he use of

MATH 1225, 1226, 2114, 2204, 3224 as our raquived MATH series (with the cormuction ta include 2 pre-rays for 2124),
and the usa MATH 3214, 4674, 4445-4445 35 technicol efeciives

Puter Haskell <phaskell@math. z.9dus dan§ ~ -
0 Pam -

Dear Pam.

Thank you fos writing me sboul your aiforts 1o introduce a Biomedical Engineering B S. degrea tat wif include. bath 1225, 1226, 2114, 2204, wndi 2214 33 required sovurses and #ill includs Math 3214, 4574, &145, and 4446 as lechrical
slectives. Offerng this degree siikes me s an excellem idea, which the Math Depanment will suppor 10 the extent possible. if the gegre doey not [esull in an increased rumber of COE students, it is liksly that the degree vill nol
slgzifieaiily increase anicliment in math courses, Mot CCE dagrses requite the courses you plan o require, an the farge numbet of technical sleotivgs. 50u plan to list will make it ikely thal your students will be distributed lighlly across
4 latge number of lechnical slective tourses We'l moniter smtimants, 1 thay don'l increase. wa will nol require additional ressurces. 7o the exdent that university policies lead (o significant increases tn math antoliments, wa'l bs abla lo
serae ol udonls ordy if e recere rusourte incraates eommensurate Wik lhe onvollmen increasas. | maks fhis point ot because your immesiale plons suggest that 1 should expast incrensed enrcliments. buf only because hese days |
hear muth encowragement Lo usa hew Gegrees 1o incrasse ensollments bl | hear nothing alot realistic plans to supporl the teaching that larger numbars of students will require

b

Engineering Education

Pam VandeVord <pvord@vi.adus @ 1Y1is v
to Tamars. Stephanie -

Hello Stephanie and Mar

As you may already know, the Biomedical Enginesring and Mechanics Department is developing a new BS degree In Biomedical Engineering. Our clriculum commi
Will sducale 3 news generation of biomedical engines:s I doing sa, we have found courses vilhin you depariment which would slrenglhen the wutriculum.

Stmitar w alf other COE students, we would like to use ENGE 1215 and 1276 as our requtired Eng Foundations series.

e has been working hard to construct a sofid group of coursas thal

We need your approval beftve lisling them on cu checkshaat within the BRE BS proposal. | have altached & draft version of the

Pioposed checksheel for you to revimt; bul please keep in mind this 1s 2 drall and we would sppreciate
you cnly circulating 1o those who you feel need ta help in the decision process.
After reviewing please ket me know iF your depariment would Yol be able o support the use of the courses (listed below) within the BME BS degree cumiculum. We are Taping to have the proposal to the COE UCC this January. Your :
suppont would be greatly apprecioed. I you have any questions or eoncems. § would be happy to meel and disciss with you.
thanks )
Pam

Retjuired Courses:

Ken Reld <kenreid@vi edu> s e -
toPam Tamars Steghamie -

Pam Mara forwvarded the altached messsge ta ma  This loaks like an agdition lo any B3 degrea n engineenng that we would expect: we would asssme ENGE 1215 & *2Eto be o part of the program
Please considar the request to be approved. Pleass let mo kiow IF thees ara. any questions of coneems.
Thanks -
Ken
On Fri. Dac 18. 2015 at 7:04 AM. Tamara Knotl <HeNEs.edu> wiole
Tamara Knatt

Assotiate Profassor
Enaineerino Education
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@ VlrglniaTeCh 1 Department of Physics

Blacksburg, Virginia 24061
College of Science 540-231-8740 Fax: 540-231-7511
E-mail: jhs@vt.edu

January 15,2016

Dear Colleagues,

This letter is in support of the proposal for a new BS degree in Biomedical Engineering. The Physics
Department has no problem with including in this degree the required introductory Physics courses (PHYS 2305
and 2308) and the list of physics technical electives at the 3000 and 4000 level.

Sincerely,

prt—

John H. Simonetti
Professor, Associate Chair of Physics
Virginia Tech

Invent the Future

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
An equal opportunity, affirmative action institution
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QVirginiaTECh . | Department of Biologi&al Sciences

2089 Derring Hall (0406)
College of Science Blacksburg, Virginia 24061
540/231-3803 Fax: 540/231-9307
* E-mail: rawalker@vt.edu
www. biology.vt.edu

January 12, 2016

Pamela VandeVord, Ph.D.
Department of Biomedical Engineering & Mechanics

Dear Dr. VandeVord,

The Department of Biological Sciences supports inclusion of BIOL 1105 Principles of Biology as
arequired course on the checksheet for the BS degree in Biomedical Engineering. Please note
our ability to provide seats in BIOL 1105 is dependent on continued enroliment support funds.

We also support the inclusion of the following courses as technical electives on the same
checksheet:

BIOL 2004: Genetics

BIOL 3134: Human Genetics
BIOL 4704: Immunology

BIOL 4734: Inflammation Biology

Please be sure students in the Biomedical Engineering BS degree are informed that one or
more prerequisites are required for each of these technical elective courses and that
prerequisite checking is enforced for our courses. Inclusion of these BIOL courses is not an

indication that prerequisites will be waived for students in the Biomedical Engineering BS
degree.

Sincerely,

sz s

Richard A. Walker
Associate Head

Department of Biological Sciences

Invent the‘ Future

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
An equal opportunity, affirmative action institution
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7. MSE

Pam VandeVord «pvord@@vt eou» @ Gn§ -~ -
1o Dayid |obert lrenune .~

4 Or Hendicks!
Hagpy New Years

| wanled 1o follow-up viith you regerding thve usa of your courses for BME dagres, Wauld ycu be able to sgnd
if yols are not the comat faculty member lo address this fequasl. can you please forward ko the corracl person

Thanks

me 3 suppert [etler for the use of MSE 2034 es a squited and MSE 4164 4304, 4574 and 4384 as technical electives? Also
?

Robert Hendricks ~hendrrw@®mse. vt edu>

Jan 6 L S
e Sgar Michelle Pam ~ .
Hiz
¥ nave talked ko our Undergrad CC chalr and te agrees thai we will be happy to 2llow: your students 1n these courses, assuming they have all the prerequislies. If the prerequiasite Is an MSE course, we will also approve the student for that
course,
8eb

8. ECE

Jaime De Lo Res “jmelopegivt edv> Jan 13 « -
1o Jason Fam

Psm

Happy New Year,

1 have spoken vath Dr. Xuan  He teaches ECE4580 and ha 1s OK with nefuding students from vour departmant if space is available
Also, yeu ean Include ECE2054 in the list of Tech Elsctives

Sony for the delay. ¢ was wailing for answers

Bast

Jime N
Dr Jaimo De Ls Ree

Associate Depanment Heatl and Asscoiate Professor

ECE Dapariment

Virginia Jech

Blatksburg, VA 240610111

(840: 15125 Office .

a0y 3L
NI IS Calf

9. Computer Science

Py VosdVoend ~qsvse sl v

Hupgog Nisw Yisad

1 ddad 10 Tolzrdap W YO regaraing the wie of e soutsas for BME degtee Wodls you be able ioyend e 2 £UppaN tottar for 1 ugh 67

TS 104, 1064 or 1714 a3 ows vequived course and
L2 CEL o ths tohous] olusivr (10

AP BIVY cenpralz o baeoming Depasmant Haadl Doey is mamn thee sEeveoas wil be mmung the LUCG?
Pam

n Vi, Dre b, 5008 28 2 63 D4, O Ribbsorn,. “nasizivd cgue yaoly

Pomela wandavord, Ph.O.

Peati-oar

Srogeam Chaie Srmedial Gogresrng

fepattmens al Sreonts ol Eoenaarig & Morhne
AT KRy il

F-a) Rl Ll e . ety ~ -
T wFam .

Fam

henik Neury Peat thusns ot b s rerg o)

Yoz, there wll % 3 avive oot £man fzf the ceilene Cimeulum omt.
Cal
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MVirginiaTECh 1 Ronald D. Fricker, Jr.

Head, Department of Statistics
College of Science Hutcheson Hall, room 406-A, Virginia Tech

Blacksburg, Virginia 24061
540-231-7754
f@vt.edu

February 5, 2016

To whom it may concern:

The Department of Statistics is pleased to offer our conditional support for the proposed
Bachelor of Science in Biomedical Engineering to be housed in the Virginia Tech Biomedical
Engineering and Mechanics Department. We are excited about the promise this interdisciplinary

field holds for the advancement of knowledge about the application of engineering analysis and

design to clinical applications, including the considerable synergistic opportunities for research
collaboration between the school and our department.

The Biomedical Engineering degree check sheet lists STAT 3615 as a required majors
course. We support the inclusion of this course as part of the Biomedical Engineering degree
program, though we must note that the Department of Statistics is facing increasing enrollment

pressure on all of our classes, and in particular STAT 3615 which is currently significantly over-
subscribed and under-resourced.

Thus, our support of this new degree is conditional on additional resources being
provided to the Statistics Department so that we have the capacity to support the additional
students. In particular, each additional STAT 3615 class (consisting of 60 students) will require
funding for a GTA step 10 stipend and tuition waiver for the semester in which the section is

taught, and these resources will need to be committed to in advance and available beginning the
first year Biomedical Engineering students can enrolt.

Of course, we are aware that a new funding model is under development by the Cffice of
the Provost to support this kind of service teaching and that it may be in place by the time this
degree begins enrolling students. However, in the absence of any specific funding model details,
we must emphasize that without the funding just described we do not have the resources to
support these students. Furthermore, at the expense of stating the obvious, a funding model in
which resources lag enrollment is untenable in a situation like this were we expect to have fo
support multiple new sections of STAT 3615 as soon as the program is approved.

That éaid, we are excited to be a part of this innovative educational initiative that
promises to produce graduates with skills valuabie to the advancement of engineering, medicine,
and societal well-being. We offer our conditional support to the program and we look forward to

the opportunities for research collaboration between Department of Statistics faculty and the
Biomedical Engineering and Mechanics Department facuity.

Sincerely,

R.D. Fricker, Jr.
Professor and Head,
Department of Statistics

invent the Future

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
An equal apportunity, affirmative action institution
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@ V]IginiaTEdl l Aaml; S. Goldstein

Associate Professor
College of Engineering ?;;i;:l;:;:ltp;fg:ﬁg;lgngmeenng
Blacksburg, Virginia 24061
540/231-3674 Fax: 540/231-5022

14 December, 2015

Dear Pam,

This letter is to indicate that the Chemical Engineering Department approves the listing of CHE 4104
Process Materials and CHE 4304/ME 4344 Biological Transport Phenomena as technical electives for the

BME major. Please advise your students that entry into these courses will be contingent on their meeting
the listed course prerequisites (or equivalent courses).

No additional resources are requested.

Please feel free to contact me at 540-231-3674 or by email at goldst@vt.edu if you have any additional
questions.

Sincerely,

2 I

Aaron S. Goldstein, Associate Professor

Assistant Department Head

Department of Chemical Engineering

Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061-0211

Invent the Future

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
An equal opportunity, affirmative action institution
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12. ME

Pain VandeVord <pvora@ut ecu> @ 121015 - -
50 Clinton ~ .

Hello Clint

As you may already know. the Biomexlical Engineering ard Mechanics is ping a new BS degree in Bi ical Enginseting. Cur curricul has been working hard to censtrucl a solid group of courses that

will educate = nev/ generation of biomedical engineers. {n doing so. vee have found courses within your which would the currleul

These course would oniy be wsed as technical ¢lectives, thus limitng the
students who would rake them. We need your approval hefors listing thent on our checksheel as ‘spproved techrical electives' within the BME BS proposal

1 have attached a drafl version of the proposesl checkshest fL}ycu to review. but please keep i mind this is a draft and we would appreciate you only circulating to thoss whe you feel need to help in the decision process.

Afer reviewing. please let me knowi if your department would you be able to support the use of the cowses {listed below) within e BIE BS degree curriculurn. We are hoping to have the proposal to the COE UCC this January. Your
support viould be greally apprecisled. §f you have any quesiions of concems. { would be happy 1o mest and iscuss with you
thanks

Pam

Courses;

ME 3304; Heat and Mass Transier

ME 4034: Bio-inapired Yechnology

ME 4524: Introduction to Robatics and Automation
ME 4864: Micro/Nana-Robotics

Clintown Dancey <elu@t.edu>

. 1215018 L
to Pamy - .
Pam. Vith Ihe exceplion of ME 3304 we apptova of you isting the other courses as Technical Elsctives on your Biomad Degree Checksheat, Co ol list ME 3304 it is 2 required ME rourse with preraquisites and we are not in & position
lo accer more students in this couse

1 will ualify our approval for the other courses so that you understand that all of these courses are vi
will seaepl non-majors such as your students, bul enrollment in these coursas is nol guarantaed. H

Besl wishes fer the helidays.
Clint

ery popular with ME siudents and they tend Lo have limited enrollment eapaclty So. ME students will gel priority If there is rom we
vou have questions let me know:

13. BSE

Tess Thompson <wnn@v.edus . @ fanf L
io Pan ~

Hi Pam
Happy New Year to vou as wellf

We discussed this and we approve listing the following twa courses as lechnical electives fora 88 degrsz in biomadical anginsering:

BSE 3534 Bioprotess Engineering

BSE 4544/CHE 4544 Protein Separslion Engineenng

Plesse note he thange in the course number for BSE 4504 to BSE 3534. dus to some adjustments in our biomotecufar engineesing eumiculum

You may also wish o consider a naw course. BSE 4554 Metabolic Engineering, as & technical elective. Altached is the course proposal

Tess

Tess Thampson, PhD

Associate Professer

Assistant Depariment Head for Undergraduate Studies
Blological Systems Enginsenng, Virginia Tech
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% VirginiaTeCh \ Office of the Dean (0405)

College of Science

College of Science _ North End Center, Suite 4300, Virginia Tech
300 Turner Street NW
Blacksburg, Virginia 24061
540/231-5422 Fax: 540/231-3380
www.science.vt.edu

December 18, 2015
Pamela VandeVord
Program Chair, Biomedical Engineering

Department of Biomedical Engineering & Mechanics
Virginia Tech

Dear Dr. VandeVord,

The Neuroscience program supports your request to include NEUR 3044 Cellular and Molecular
Neuroscience and 3084 Cognitive Neuroscience as elective courses for the Bachelor of Science
in Biomedical Engineering degree. Since these are required courses for all Neuroscience majors
and with the demand growing, first preference for enroliment in these courses will be given to

Neuroscience majors, Biomedical Engineering students in the Biomedical Engineering degree
will be able to enroll in these NEUR courses subject to availability.

Sincerely,

Harald Sontheimer
1.D. Wilson Chair and Professor
Executive Director, School of Neuroscience

Invent the Future

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
An equal opportunity, affirmative action institution
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15. BMVS

Abmed, $ <ansrahmd@vt edus Jan 6 - v
to Pamela. Angsla. Becky ~

Hello Pam,

Happy New Yearl

Our college does not see any problem. However, the only active one is BMVS 4954 that is taught by Dr.
Is a potential {not certain) that some of the recruits may be interested in team

From: <pamvord @gma Lepm> on behaif of Pam VandeVord <pvord@vi,egy>

Date: Wednesday; January 6, 2016 at 11:26 AM

To: Microsoft Office User <ansrehmd, >, "Webb, Angela" <awivebb@vt.edus
Subject: Fwa: Request to use courses within BME BS degres as technical electives

David Moore. We are in the process of recruiting faculty, there
-teaching the other two courses. | wilt keep you Informed. Best. Ansar

16. HNFE

! Selberg-Eaton, Renee <rselberg@.adu> i Jan13 - L
[ to Pamela Matthew «

Hi Matt and Pam, .

I'm not able Lo see the syllabus right now, but as long as lhe sludents have appropriate background | dont see an issue with adding these 1o your chetk sheet ,

Renee S. Eaten
Sent from my iPhone

<BWMVS-BMES4084_Fall154Finald peif>
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COVER SHEET - NEW and REVISED CHECKSHEETS, OPTIONS, CONCENTRATIONS
and DEGREES

Commission on Undergraduate Studies and Policies; Commission on Graduate Studies and Policies
Effective September 2010

*SEE APPENDLY FOR NOTES, EXPLANATIONS AND ADDITIONAL GUIDELINES
*PRINT CLEARLY, TYPE or COMPLETE ELECTRONICALLY.

PROPOSAL DATE: 03/29/16 1S-DAY REVIEW END DATE:
DEPARTMENT: Biomedical Engineering and Mechanics

DEGREE NAME: Biomedical Engineering

M| masor (] mmmor _ [_] opTiON/CORCERTRATION
(| GRADUATE CERTIFICATE [ ]| UNIVERSITY CONCENTRATION
DEAN and/or CONTACT
DEPARTMENTAL CONTACT: Pam VandeVord MAILCODE: 0298
CONTACT PHONE: __ 540-231-1994 CONTACT E-MAWL:  pvord@vt.edu
CHECK ONLY ONE OF THE FOLLOWING BOXES
[C] NEW UNDERGRADUATE | | REVISED CHECKSHEET [Revision>20%___ Revision<20%____]
CHECKSHEET {Attach copy of current APPROVED checksheet)
[] NEw MminOR [] REVISED MINOR [ ] DISCONTINUED MINOR
(Attach copy of current APPROVED checksheet] (Attach Transition Plan)
[ ] sew oPTION ["] REVISED OPTION [] DISCONTINUED OPTION
: (Attach copy of current APPROVED checksheet) (Attach Transition Plan)
[_] NEW UNIVERSITY CONCENTRATION ] REVISED UNIVERSITY ] DISCONTINUED UNIVERSITY
CONCENTRATION CONCENTRATION
(Attach copy of current (Attach Transition Plan)
APPROVED checksheet)
[] NEW CONCENTRATION [] revisep - [] pisconTINUED
CONCENTRATION CONCENTRATION
(Attach copy of current (Attach Transition Plan)
APPROVED checksheet)
] NEW GRADUATE CERTIFICATE [l REVISED GRADUATE CERTIFICATE
NEW DEGREE [ rReviSED DEGREE [_] pisconTmvueD DEGREE
{Attach Transition Plan}
* EFFECTIVE DATE: GRADUATING CLASS OF 2020 {List Year Only)

* EOR ALL CHECKSHEETS, NEW AND REVISED: Attach Statement from Dean or Departmental
Representative Outlining the Changes from the Currently APPROVED Checksheet and Method(s} of
Communication to Students Impacted by these Changes.

¢ Attach Appropriate Letters of Support from Affected Departments and/or Colleges

* Revised checksheets with 20% or less revision can be forwarded directly to the Office of the

University Registrar (0134) for Administrative Approval. Supporting documentation should be
attached.

Revision Summary:

APPROVAL SIGNATURES
Department Represegrative Lo ' Date: 3¢ 7/ A~
g I : Re eptati X Date; A///L///(/

Date: 4//4///'0

Rev. 04-20-2012
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ki » L Department of Biomedicat Engineering and Mechanics
& VirginiaTech. Caly i, oo 17 e oot
f : 325 Stanger Street
College of Engineering Blacksbufg‘ VA 22061
540-231-8191 Fax: 540-231 -8738

www.vt.edu

January 18, 2016

Memorandum

To: COE Undergraduate Curriculum Committee
From: Department of Biomedical Engineering and Mechanics

Subject: Support for new B.S. degree program in Biomedical Engineering

Please find the attached propésat for the development of a new B.S. in Biomedical
Engineering. The BME Undergraduate Curriculum Cbmmittee has reviewed and
approved the proposed curriculum described in the following, proposal. In addition, all
courses within the proposed checksheet have been approved by their departments to

be included in the curriculum (Support letters are included). Required resources are
also described within the document.

Sincerely,
4 _ / - %
1 vU&/{qM vy #rr Ltz
Pamela VandeVord Steén Duma
BME Program Chair BEAM Department Head
Professor

Harry C. Wyatt Professor

L

Invent the Future

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
An equal opportunity, affirmative action institution
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Bachelor of Science Degree in Biomedical Engineering
Presentation to the Board of Visitors,
Academic Affairs Committee
April 3, 2017

Pamela VandeVord, Professor and Interim Department Head, BEAM
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Department of Biomedical
Engineering and Mechanics

What is Biomedical Engineering?

Applying engineering analysis and design to clinical applications in
order to improve the quality of life

(@ Image Processing Equipment

@ Endowrlst Instrumen ts

2000 How Stufl Works @ Surgical Arm Cart
i Inbuathe Surgical @ Hi-Resolution 3-D Endoscope
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Attachment E

Bachelor of Science Degree in Biomedical Engineering

What is the Demand for Biomedical Engineers?

“27% job growth from 2012-
2022. This is more than double
the 11% outlook for all
occupations”

“employment of biomedical
engineers is expected to grow by
62 % from 2010 to 2020, much
quicker than the average for all
engineering professions”

US Department of Labor Statistics

UnpERGRADUATE ENROLLMENT BY DisciPLiNg: 543,942*
120,000

100,000

80,000

60,000

40,000

20,000

Data from the American Society for Engineering
Education (ASEE)!9, reveal that biomedical
engineering is the 8" top major for
undergraduate students in engineering colleges

Forbes ranked BME as the
#1 major that was worth
student’s tuition, time, and
effort

“These aren’t majors that
anyone could do. They’re
hard, ...there is high demand
for them and a low supply of
people with the skills, so it
drives up the labor market
price.”

Goudreau, J. (2012, May 15). The 15
Most Valuable College Majors

Schools.com projects the career outlook for biomedical engineers in Virginia at 95.9%
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o1 \.‘
S me
A
Patent Examiner (Biomedical Engineer)
Recent C Department Of Commerce 3.8 96 Reviews — Alexandna, VA
Engineers and s
technol_og;es tha Apply on Partner Site Save - We
C offer diverse tec qng ne
and exciting car *arch, ’
service, and test 1
; Job Description g
Functiona
_ About the Agency
Depending on b
_ _ Applications will also be accepted from students who expect to complete qualifying education
* Biomedi within 9 months from the date of application. USPTO requires verification of successful
¢ Compute
o Electrical completion before extending a final offer.
* Materials
e Mechani Come work for the USPTO, we have been ranked as one of the Best Places to Work in the Federal
Government®!
Candidate The U.S. Patent and Trademark Office (USPTQ) has been serving the economic interests of America for
more than 200 years. We are responsible for granting US intellectual property rights for patents and
We're looking fd trademarks. Our efforts have provided inventors exclusive rights over their discoveries. It's an effort that lical
technology com continues to contribute to a strong global economy, to encourage investment in innovation and te cultivate
Candidates mus an entrepreneurial spirit far the 21st century. The USPTO is headquartered in Alexandria, Virginia, and
has aver 12,000 employees, including engineers. scientists, attorneys. analysts, IT specialists, ete. all
& Minimun] dedicated to accomplishing the USPTO's mission, vision, strategic geals and guiding principles. For more
* Abachel information about the USPTOQ, please visit the USPTO Careers Website.
Science,
: Relevgnrt-l THIS VACANCY ANNOUNCEMENT IS FOR POSITIONS LOCATED IN ALEXANDRIA, VA ONLY.
YOUR APPLICATION TO THIS VACANCY ANNOUNCEMENT WILL ONLY ALLOW CONSIDERATION
03 FOR THIS ANNOUNCEMENT AND THIS DUTY STATION.
Ing o . _— _
Please read this entire announcement before submitting application materials.

|- SUPPOrt Oroject teams.
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Department of Biomedical
Engineering and Mechanics

Program Objectives

* Educate and train the future biomedical engineers for a complex, diverse and
global workplace

 Expose students to and provide opportunities for them to conduct state-of-the-
art research that embraces societal challenges

e (Capitalize on the department’s biomedical partnerships with: VT Carilion School
of Medicine and Research Institute, Institute for Critical Technology and Sciences,
Virginia-Maryland College of Veterinary Medicine, VT Biocomplexity Institute, VT
Transportation Institute, and Edward Via College of Osteopathic Medicine (VCOM)

e Establish the BEAM as the national leader in biomedical engineering education!
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Department of Biomedical
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BME Curriculum Summary

Capstone Senior Design courses
5% General

Engineering Core
24%

Upper-level BME
courses
13%

Technical Electives
17%

Math and Science
courses
17%

Pathways to
Entry-level General Education
Science courses courses
16% 8%
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Department of Biomedical
Engineering and Mechanics

Interdisciplinary Coursework

BCHM

Intro to BME BIOL

Principles of Biology BMVS

Physics CHEM

Electrical Theory HNFE

Computer Programming NEUR
8 Engineering Departments

BME Cellular Lab

Multivariable Calculus . .
Fluid Mechanics

Statics e .
. Bioinstrumentation
Dynamics o
. Problem Solving in BME
Mechanics of Deformable

Bodies Medical Physiology

Biomedical Commercialization of BME
Engineering Research
Undergraduate
Degree

Linear Algebra
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Department of Biomedical
Engineering and Mechanics

Why VT?

e Limited opportunity in Virginia, as only 2 other universities in the
State have a bachelor's-level research-based education program

e VT 2012-2018 Strategic Plan proposes major growth in the fields of
"science, technology, engineering, mathematics, and health sciences
(STEM-H)”

 President Sand’s emphasizes interdisciplinary programs and research
opportunities

e Roanoke Health Sciences & Technology campus
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" Bachelor of Science Degree in Biomedical Engineering
Department of Biomedical
Engineering and Mechanics

e VT BME Minor Program currently has over 200 undergraduates
students enrolled

» Key participants in Destination Areas (Brain Behavior and Data
Analytics)

 Draws on strengths of engineering faculty with expertise in
biomedical research
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Department of Biomedical
Engineering and Mechanics

VT College of Engineering has expertise in key

BME Research Areas

Biomedical
Imaging

Biomedical
Devices
Biomedical

Engineering
ndergraduat

U e
Program
<>

Translational
Cancer
Research
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Engineering and Mechanics

RECOMMENDATION:

That the above resolution recommending the
establishment of the Bachelor of Science Degree in
Biomedical Engineering be approved.

April 3, 2017
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