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SELF-STUDY REPORT

DEPARTMENT OF BIOMEDICAL ENGINEERING
BS in Biomedical Engineering
lllinois Institute of Technology

BACKGROUND INFORMATION
Contact information

Vincent Turitto, DEngSci, Chair of Department of Biomedical Engineering and
Director, Pritzker Institute of Biomedical Science and Engineering

10 W. 32" st., Bldg. E-1, Suite 116

Chicago, IL 60616

312.567.6927

Fax: 312.567.5707

turitto@iit.edu

Program History

The Department of Biomedical Engineering entered its first undergraduate class
in 2002. The Department evolved out of the Pritzker Institute of Biomedical
Science and Engineering. The Institute received a Whitaker Foundation grant in
2000 to found the PhD program and then another in 2001 to found the
undergraduate program; recruitment of faculty and work began that year. The
current 3 tracks were founded and the supporting curriculum began to emerge as
each class moved up. Refinement of the curriculum has been a continuous
process.

Options

The Department of Biomedical Engineering has 3 tracks: cellular and tissue
engineering, neural engineering, and medical imaging. There is a core math,
science, and engineering (including BME courses) curriculum that all students
take concurrent with a track specific biomedical engineering curriculum.

Organizational Structure

The Department of Biomedical Engineering depends upon two primary
mechanisms within the departmental structure: the Undergraduate Curriculum
Committee and the ABET Committee. Both collect and analyze data, assess
information, make and recommend policy to the Department and the Chair. Both
committees have the power to make certain routine decisions as well as the
ability to make recommendations in curricular policy to the faculty and the chair.



Many of these decisions are within the purview of the Department and do not go
up to the College.

Questions regarding student credit overload, late adds and drops, or any change
of grade have to be approved by the Dean of Armour College of Engineering.
New course forms also go through the Dean’s office.

Larger curricular issues, such as increasing total credit hours for the degree go to
the University Undergraduate Curriculum Committee.

See Background Table 1.1 - BME Undergraduate Organizational Structure.
Program Delivery Modes

The Department of Biomedical Engineering offers its undergraduate courses
predominately during the day, Monday through Friday. The traditional lecture
and laboratory format is followed utilizing problems sets, writing assignments,
laboratory reports, oral presentations, quizzes, examinations, programming
assignments, and projects (e.g., design).

Deficiencies, Weaknesses or Concerns Documented in the Final Report
from the Previous Evaluation(s) and the Actions taken to Address them

This is the initial application by the Department of Biomedical Engineering at IIT
for ABET accreditation. There are no previous reports, etc.

10



BACKGROUND TABLE 1.1 - BME
ORGANIZATIONAL STRUCTURE

BME UNDERGRADUATE
ORGANIZATIONAL STRUCTURE

Undergraduate | ABET
Committee Committee

>

BME Chair — BME Department

University
Dean of Armour Undergraduate
College of Engineering Studies Committee
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CRITERION 1. STUDENTS

1.1 Student Admission

Armour College of Engineering provides a rigorous education that prepares students to
become qualified engineers. To satisfy this mission, its faculty have established a
minimum set of academic standards and academic policies to which all continuing
students must adhere. The processes used to evaluate, advise, and monitor students
are described in this section. The advising process ensures that all students follow a
designated curriculum, by track in the BME department, that leads to the achievement
of the BME Program Outcomes, a-m as shown in Table 3.2 and then, ultimately, the
students are prepared to achieve the Program Educational Objectives 1-5, as seen in
Table 3.1.

1.1.1 Department of BME Admission

Students are typically accepted into the Department of Biomedical Engineering (BME)
as freshman. Inter- and intra-university transfers are also accepted. The
undergraduate admissions process is centralized at lllinois Institute of Technology.
Admission requirements are based on a combination of secondary school grades,
standardized test scores, co-curricular activities, and other indicators of the applicant’s
academic abilities. Although the BME Department does not formally participate in the
admissions process, it is routinely consulted by admissions representatives to ensure
that all applicants meet the standards for admission.

BME freshmen generally score slightly higher than other incoming freshmen in
Armour College of Engineering and across the campus as a whole.

Table 1.1 History of Admissions Standards for Freshmen Admissions for Past Six

Years

Campus Number

BME BME Avg. w/o Armour Avg. of New

Academic | Composite ACT | Composite SAT Armour w/o BME Students

Year MIN. AVG. MIN. AVG. | ACT | SAT | ACT | SAT Enrolled
2002-3 18 29 1110 1303 | 27 | 1273 | 28 | 1287 37
2003-4 22 29 1170 1370 | 28 | 1269 | 28 | 1286 25
2004-5 20 28 1150 1309 | 28 | 1287 | 28 | 1296 35
2005-6 21 29 1050 1325 | 28 | 1292 | 28 | 1286 37
2006-7 19 29 1090 1253 | 28 | 1252 | 28 | 1266 47
2007-F 15 29 1080 1297 | 27 | 1261 | 28 | 1250 27

*This graph was adjusted to include data that was available and place the BME program in perspective
relative to the Armour College of Engineering and the IIT campus.

1.2 Evaluating BME Student Performance
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Evaluation of the student's progress and level of performance in coursework is
conducted by use of metrics including homework, quizzes, projects, presentations and
exams. The student’s progress is reflected by the letter grade earned in the course,
which is documented on the student’s institutional transcript and is utilized in the
calculation of the student’s Grade Point Average (GPA) on a maximum scale of 4.00.
The academic status of every student in the Armour College of Engineering is reviewed
at the end of each semester. Students who do not earn at least a 2.00 cumulative GPA,
a 1.85 current GPA, and a 2.00 GPA in their major field are placed on academic
probation. Degree-seeking students are also required to maintain a minimum of 12
credit hours per semester applicable to their degrees. The BME Department is notified
by the Associate Provost of Undergraduate Affairs when students enter probation
status, and such students are counseled by the Undergraduate Coordinator of the
department and their advisor. Students on probation are not permitted to register for
more than 15 credits per semester, hold office in any student organization, represent
the university on any athletic team, or participate in the cooperative education program.

Undergraduate students who have completed at least 60 credit hours will receive
an audit from the Office of Educational Services, which will provide a summary of the
student’'s academic status to date and lists the courses to be completed in order to
receive a degree. Atthe end of each semester the names of all undergraduate students
who have completed at least 12 credit hours without any D or E grades and who have a
semester GPA of at least 3.50, will appear on the Dean’s List.

1.3 Advising BME Students

Each BME student is first advised by the Chair or an Undergraduate Curriculum
Committee representative if the Chair is unavailable prior to matriculation. Each BME
student is then assigned a faculty advisor in their first semester in the BME Department
who remains associated with that student from the freshman year, or date of transfer, to
graduation. Each student meets each semester with his/her faculty advisor to assist
with course selection and discuss other educational and research opportunities as well
as long-term career plans. The BME Department has three track areas — Cellular and
Tissue Engineering, Neural Engineering, and Medical Imaging, each of which have
specific curricular requirements in addition to the core BME courses. By the end of the
freshman year, the students are required to select one of these three tracks in which
they will specialize. Students in the BME Department are required to meet with their
advisors at least once per semester to discuss course selection for the following term.
The advisor monitors the student’s progress, and ensures that the selected courses
adhere to the BME curriculum chosen by the student. The advisor signs a registration
form containing the agreed upon coursework that is submitted to the Registrar’'s Office,
or, more commonly, provides an electronic authorization that permits the student to
register using a web-based system called “Web-for-Students.” The advisor also
maintains a program planning sheet that tracks the students progress toward the
degree (see Appendix E).

As part of their first-year experience in the BME Department, all freshman and
transfer students are required to complete the course BME 100 — Introduction to the
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Profession. In addition to exposing them to an overview of the field of BME and
instilling critical skills in writing and analyzing technical literature, this course provides
an important forum in which the policies and expectations of the department are
communicated to the students. Moreover, the instructor of this course often serves as
an unofficial liaison between the new student and the BME department, which helps to
ensure that the new student becomes properly integrated into the established advising
system.

Exit interviews are conducted with all graduating seniors on an individual basis
with the Department Chair twice during their senior year. The first interview takes place
at an early stage during the fall semester in order to gain insight on the students’ plans
after graduation and offer specific career suggestions. The second interview takes place
at a latter stage in the spring semester where their plans are readdressed.

1.3.1 Medical School Advising

Approximate 30% of the BME graduates in the first two graduating classes attended
medical school. In order to assist this large student group, additional advising for pre-
med students is provided. BME faculty advisors are made aware of the additional
requirements for medical school admission so that students are adequately informed.
One major concern for these students is the fact that most medical schools will not
accept Advance Placement Credit in the sciences. Students must complete one year
each of biology, chemistry (both organic and inorganic) and physics with a laboratory
component. Thus, it is not in the best interest of these students to accept AP credit for
university science courses, particularly in inorganic chemistry (the standard first year
chemistry sequence) because the choices of upper division inorganic chemistry courses
are limited. In addition to BME faculty advising, there is a campus wide Premedical
Studies Committee that advises these students. The BME Department is always
represented on this committee.

1.3.2 Grad School and Industry Advising

Students meet with the BME Graduate Advisor in the Fall Semester of their senior year
where a presentation on the nature of graduate work, requirements, professional
preparation is made. Students also meet with their BME advisors regarding graduate
applications and letters of recommendation.

lIT presents a Career Fair each semester where students have an opportunity to meet
with industry representatives. In April 2008, The BME Department hosted the Midwest
Biomedical Engineering Conference (MBEC). Students received assistance in planning
academic and industrial careers, were introduced to companies based in the Midwest,
and exposed them to innovative biomedical engineering research.

1.4 Monitoring of BME Student Progress

14



Student performance is monitored at the end of every semester during the academic
year, as described above in Sections 1.2 and 1.3. Specifically, the Office of
Undergraduate Affairs automatically monitors the current, cumulative, and major GPAs
of all students, and notifies the Undergraduate Coordinator of BME which students are
entering probation status. At the end of each semester, the Associate Provost of
Undergraduate Affairs and the BME Undergraduate Curriculum Committee in
consultation with the student’'s faculty advisor will review all such cases and make
decisions on any necessary actions. Actions range beyond placing the student on
probation and include dismissing the student from the program and/or from IIT, or
requiring an academic contract in which the student has to set specific expectations for
this/her performance in upcoming semesters. Adherence to the contract terms is
monitored by the Undergraduate Coordinator as well as the student’s academic advisor,
who maintains a program of study that is reviewed and updated at the end of each
semester. Finally, undergraduate students who have completed at least 60 credit hours
will receive an audit from the Office of Educational Services which will provide a
summary of the student’s academic status to date and lists the courses to be completed
in order to receive a degree. Students may request additional audits up to one time per
semester.

1.5 Transfer Students and Transfer Courses

1.5.1 Institutional Policies

The Office of Undergraduate Admissions is responsible for admissions decisions for full-
time transfer students. Transfer students may apply for the fall or spring term, and
admission decisions are made on a rolling basis. Transfer applicants must be in good
academic standing at their previous colleges to be considered for admission to IIT.
Admission is based on individual grades in all classes that apply to the major. Transfer
applicants with less than 30 credit hours of transferable graded college coursework
must submit high school transcripts and standardized test scores.

Official transfer credit evaluations are completed by the Office of Educational
Services after a student is admitted to IIT. Courses may be acceptable for transfer from
accredited colleges and universities, provided they are comparable in content and level
to those offered by IIT. A course in which a grade lower than a ‘C’ was received is not
eligible for transfer. A maximum of 68 credit hours is transferable from a two-year
institution. In addition to the official transcript submitted for admission, the student is
required to provide the Office of Educational Services with course descriptions and
syllabi for all courses he/she wishes to have considered for transfer credit. All
engineering upper-division transfer courses must be from an ABET accredited program
and approved by the BME Department as described below. In the case of transfer of
engineering credits from international institutions, courses are reviewed by the
Educational Services and the Department. Upon admission and enrollment, transfer
credits are incorporated into the permanent record in terms of semester hours.
However, the GPA will only reflect grades from courses completed at [IT. The final 45
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credit hours of work must be completed at IIT, and the student must complete a
minimum of 45 credit hours at IIT in order to be eligible for a bachelor’s degree from IIT.

An existing student may request a review of academic status or university
regulations by submitting an academic petition to the Office of Educational Services. An
undergraduate student registered at IIT who wishes to enroll at another institution must
submit an academic petition to the Office of Educational Services for approval prior to
registration at the other institution. This includes registration at another institution for the
summer term.

1.5.2 Specific Policies of the Department of BME

The BME Department must approve all transfer credit that seeks to satisfy 100 through
400 BME required or elective courses. A student may be permitted to apply transfer
credit toward a 300 or 400-level BME course under specific conditions. Approval of the
transfer credit by the IIT Office of Educational Services is a necessary but not sufficient
condition for its application toward the BME degree. This establishes that the transfer
credit must be from an ABET accredited institution. The course syllabus, including
instructor contact information, and catalog description from the institution where the
course will be or was taken must be submitted to the BME Department Undergraduate
Curriculum Committee. This body will render the final decision indicating the
applicability of the transfer credit to the BME degree.

Any request for course substitutions, e.g., double majors, must be reviewed
and/or approved by the Undergraduate Curriculum Committee.

Table 1.2 Transfer Students for Past Six Academic Years

Number of Transfer Students | Number of Transfer Students
Academic Year Enrolled from within IIT
2002-3 3 6
2003-4 2 7
2004-5 13 5
2005-6 7 2
2006-7 9 5
2007 F 5 2

1.6 Graduation Requirements at lIT

A student has the ultimate responsibility to fulfill all graduation requirements as specified
in the IIT Bulletin in effect at the time of admission to IIT. This includes completing all
the curriculum requirements for the degree and complying with all academic and
administrative rules governing the specific degree program.

In the event that curriculum requirements change before a specific degree

program can be completed, a student must have their department chair's approval to
make course substitutions or to follow an alternate curriculum.
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Students must submit an Application for Graduation form to the Office of
Educational Services at the beginning of the semester in which they plan to graduate.
The specific deadlines to submit this form are found in the IIT calendar which is in the
[IT Bulletin. Failure to meet the specific deadline will delay the date of graduation and
the awarding of a diploma. The Application for Graduation form can be obtained in the
Office of Educational Services. A $50.00 late fee will be assessed for applications
received after the published deadline date.

Undergraduate students must complete the following in order to graduate:

* General education requirements.

* Curriculum requirements including required number of credit hours for the specific
degree program.

* Academic Residence requirement. The final 45 semester hours towards a degree
must be completed at IIT.

* A minimum cumulative grade point average of 2.00 and a minimum major grade
point average of 2.00. In the event a student completes all curriculum
requirements for a specific degree program but does not meet a minimum grade
point average, written approval from both the student's department chair and
academic dean is required prior to registering for additional courses.

* Completion of all the above within a period of eight calendar years from the
semester of initial admission for full-time students or twelve calendar years for
part-time students after achieving degree-seeking status. A student may petition
the major department and the academic dean to have this period extended; if
approved, this extension may involve additional compensating academic
requirements.

* Payment of all financial obligations to the university.

NOTE:

If a student receives a grade of "I" (Incomplete) in the final semester, curriculum
requirements are not completed. The student will not receive a diploma dated for that
semester and must submit a new Application for Graduation form.

1.7 Department of BME Enrollment and Graduation Trends

New freshman enrollment in the Department of Biomedical Engineering from 2002-2006
has averaged approximately 35 students each year (Table 1.1). Added to this number
are transfer students from other campuses, mostly junior colleges (Table 1.2). There
are also a number of students who transfer to the BME Department from other IIT
programs with the majority from engineering departments, but some from biology (Table
1.2). This enroliment pattern has proven steady as has the talent level of the students.
The Department attracts high quality students (Table 1.1). BME freshmen on average
enter with higher scores compared to the campus average SAT and are on par with the
Armour College of Engineering. Table 1.3 shows enrollment trends for the past 7
academic years (since the inception of the Department).
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The Department has been active in attracting students, both undergraduate and

graduate. For example, Department personnel have visited several local high schools
and the lllinois Math and Science Academy regularly. Also, the Department has had an

exhibit booth at the Biomedical Engineering Society Annual Fall Meeting to recruit
students for the past 6 years. Graduation rates are also displayed in Table 1.3.

Table 1.3 Enrollment Trends for Past Seven Academic Years

Year Year Year Year Year | Year

(2002- (2003- (2004- (2005- | (2006- | (2007-
03) 04) 05) 06) 07) F)

Full-time Students 40 65 101 121 135 125
Part-time Students 0 1 1 3 1 2

Student FTE? 42 69 107 130 146 133
Graduates 21 27 4

" FTE = Full-Time Equivalent (uses IITs Credit hour definition of 1FTE = 15 hrs
FTE data includes undergraduates only

Table 1.4 Program Graduates — Spring 2008 (+ 2 FO7 & 2 SumQ7)
(For Past Five Years or last 25 graduates, whichever is smaller)

Prior Certification/ Inli:_tial or Current
Nume_ri_cal Year Year I_Degree(s) Licensure rggLo.)FiTlg?t/
Identifier Matriculated | Graduated if Master _(If Other
Student Applicable) Placement
1 | 102-65-308 2005 2008 N/A N/A Grad School
2 | 102-72-624 2004 2008 N/A N/A Med School
3 | 102-71-139 2004 2008 N/A N/A Med School
4 | 102-46-463 2004 2008 N/A N/A Industry
5 | 103-91-152 2004 2008 N/A N/A Industry
6 | 104-05-179 2005 2008 N/A N/A Grad School
7 | 103-72-395 2003 2008 N/A N/A Industry
8 | 102-15-351 2004 2008 N/A N/A Industry
9 | 103-89-897 2004 2008 N/A N/A Undecided
10 | 103-88-517 2004 2008 N/A N/A Grad School
11 | 102-23-222 2004 2008 N/A N/A Grad School
12 | 103-88-352 2004 2008 N/A N/A Undecided
13 | 103-87-828 2004 2008 N/A N/A Industry
14 | 102-48-162 2004 2008 N/A N/A Grad School
15 | 102-42-888 2004 2008 N/A N/A Med School
16 | 104-12-015 2006 2008 N/A N/A Industry
17 | 104-13-873 2006 2008 N/A N/A Home/family
18 | 102-06-709 2004 2008 N/A N/A Grad School
19 | 104-05-988 2005 2008 N/A N/A Med School
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20 | 103-72-461 2004 2008 N/A N/A Grad School
21 | 103-28-619 2003 2008 N/A N/A Med School
22 | 103-91-806 2004 2007 N/A N/A Grad School
23 | 103-30-860 2002 2007 N/A N/A Industry

24 | 103-88-309 2004 2007 N/A N/A Med School
25 | 102-42-932 2004 2007 N/A N/A Grad School

1.8 Student and Faculty Interaction

BME students work closely with faculty both in and beyond classes. There is an active
BMES student chapter at IIT that engages in a variety of professional development and
social activities. Students attend sporting events according to season. The Department
hosts a welcome cook-out each fall for all students and faculty but particularly to
welcome the new freshmen. The Department also hosts a dinner for graduating seniors
each spring. On a professional level, the chapter organizes and acts as an intermediary
with Michael Reese Hospital for student volunteers. There have also been field trips to
major biomedical companies and to medical centers. Two faculty members advise
these students and aid in their fund-raising and other events.

Undergraduate students also play a role in research. On average, about 8-10 students
work with faculty in a research capacity in their laboratories. Many of these students
have presented at BMES and other professional society meetings. More
undergraduates work in the faculty research laboratories over the summer months.
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CRITERION 2. PROGRAM EDUCATIONAL OBJECTIVES
2.1 Mission Statements

2.1.1 University Mission
The Mission of lllinois Institute of Technology is (http://www.iit.edu/about/index.html):

To advance knowledge through research and scholarship, to cultivate invention
improving the human condition, and to educate students from throughout the
world for a life of professional achievement, service to society, and individual
fulfillment.

2.1.2 Armour College of Engineering Mission

The Mission of the Armour College of Engineering is
(http://www.iit.edu/engineering/about/mission.shtml):

Provide state-of-the art education and research programs; educate a new breed
of engineers with a strong fundamental knowledge of engineering principles, the
capability to apply their knowledge to broad interdisciplinary areas, and an
understanding and appreciation of the economic, environmental, and social
forces that impact intellectual choices; and enhance Armour's reputation as an
internationally recognized engineering school.

2.1.3 The Department of Biomedical Engineering Mission

The Mission of the Department of Biomedical Engineering is
(http://www.iit.edu/engineering/bme/programs/undergrad/overview.shtml):

To educate students in the fundamentals of biomedical engineering. This
foundation consists of a broad exposure to the chemical, mathematical, physical
and biological sciences, coupled with the appropriate technical and engineering
skills to be able to fill diverse professional roles in industry, graduate school and
the medical professions.

2.2 Program Educational Objectives

2.2.1 Department of Biomedical Engineering Educational Objectives

The Undergraduate Program is designed to meet the following specific objectives in
order to fulfill the Departmental, College, and University Missions. These objectives

describe the qualities and performance of our alumni and can be found at:
http://www.iit.edu/engineering/bme/programs/undergrad/objectives.shtml
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1. Our alumni possess the quantitative, analytic, and critical thinking skills
necessary for solving biomedical engineering problems in industry,
graduate or professional graduate programs.

2. Our alumni possess the ability to employ biomedical engineering laboratory
skills in industry, graduate or professional graduate programs.

3. Our alumni possess the requisite written and oral communication skills
necessary to interact with health care professionals, engineers or
scientists in industry, graduate or professional graduate programs.

4. Our alumni possess the ability to work in teams in industry, graduate or
professional graduate programs.

5. Our alumni possess the sense of responsibility and ethics of a professional
engineer in industry, graduate or professional graduate programs.

2.2.2 Discussion of Program Educational Objectives

Objective 1. A central focus of our biomedical engineering program is for students to
possess a matrix of necessary critical analytic skills that will eventually result in their
ability to solve complex problems. This means a solid foundation in mathematics,
physics, biology, chemistry, and engineering. Problem solving, creativity, and an ability
to think critically are founded in both a knowledge base and a problem solving
curriculum

Objective 2. A guiding principle for the IIT BME program at is to train our students and
equip them with the latest in laboratory and technical skills and the necessary
accompanying analytic abilities that will make them competitive for entry into industry
and the graduate/medical world. As such, we emphasize significant laboratory
experiences that are integrated with the highest cognitive levels that hone their analytic
and creative abilities.

Objective 3. The nature of the professional world, either in academia, industry, and the
healthcare/medical professions requires that engineers effectively communicate with a
wide range of professionals. Communication, either written or in presentation form, is
an integral element in the BME curriculum. Students receive instruction the first
freshman semester and that emphasis is reinforced throughout the Department until
graduation. The students also take a variety of other courses in Humanities and the
Social Sciences that further reinforce these skills. Central to our commitment is the
simple but critical approach that clear critical thinking precedes a written paper or a
poster presentation. Communication skills are not taught without the accompanying
critical thinking skills.
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Objective 4. Biomedical Engineering is of such a complex state the very nature of
problem solving within industry, academic-based research, and medical school-based
research are by their very definition team oriented. From their first class in the fall of the
freshman year to the final design capstone course, BME students have a wide range of
team experiences to make them aware of the nature of intellectual sharing and working
towards common goals.

Objective 5. Students are immersed immediately in their freshman year and then
throughout the breadth of BME curriculum about the responsibility that they will assume
as biomedical engineers. Their actions as engineering scientists can ultimately have an
impact on the health of patients. There is a code of conduct proffered by the Biomedical
Engineering Society that is used as a basis for understanding their mission. An inherent
aspect of this is an understanding of ethical behavior regarding their actions towards
animal experimentation, patient privacy, patient needs, etc.

2.3 Consistency of the Department of Biomedical Engineering
Program Educational Objectives with the University and the Armour
College of Engineering Missions

The Mission of IIT is to advance knowledge through research and scholarship and serve
the needs of human kind and the larger community with professional and individual
achievement. The Armour College of Engineering further defines this for engineering
with a focus on rigorous academic preparation and training students to broadly apply
their knowledge and skills into an ever changing world.

The Department was founded upon the belief that biomedical engineering is an
interdisciplinary major in which the principles and tools of traditional engineering fields,
such as mechanical, materials, electrical, and chemical engineering are integrated with
the chemical, physical and biological sciences, and applied towards a better
understanding of physiological processes in humans or towards the solution of medical
problems. Engineering will continue to play an increasingly important role in advancing
medical treatment, developing biotechnology, and improving health-care delivery. By its
very nature, biomedical engineering is expansive and requires a broad and integrated
foundation in the physical, chemical, mathematical and biological sciences.

2.4 The Department of Biomedical Engineering Constituencies

The BME program relies primarily upon 3 groups of constituents: its faculty, students,
and alumni, and secondarily from industry and professional graduate schools who have
input into the program educational objectives. The assessment process depends upon
contributions from all constituents. However, the role of implementing the assessment
and revision process is a central faculty responsibility.

It should be noted that at another level, BME program educational objectives can
be impacted. The Armour College of Engineering plays an important role in developing
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undergraduate programs that meet the mission of the College and University as a
whole. Their input includes external assessment and revision of program objectives and
outcomes as well as their role in the delivery and assessment of engineering courses
outside of BME.

Also, University administration can contribute to the program through the
development, delivery, and assessment of a broad range of courses in the arts and
sciences as well as ensuring that students have the tools and learning environment
necessary to develop as students, engineers, and citizens.

The most immediate impact comes from:

BME Majors: This group represents the current students within the program. These
students contribute to the assessment process through the use of data generated in
courses, course evaluations, senior exit surveys, and the student advisory board.

BME Alumni: This group contains the graduates of the BME program. Their
contributions will include completion of departmental alumni surveys, college and
university surveys, representation on external review boards, and direct
communications with the Department.

BME Faculty: The departmental faculty members are responsible for ensuring the
success of the undergraduate BME program. These responsibilities include
implementing the process of assessment and revision of program objectives and
outcomes in collaboration with larger constituent body.

Employers

Industry: This group represents employers or potential employers of BME alumni at
any point in their career, i.e., immediately after graduation from this institution or at any
point later in their career. These employers may include industry, government, volunteer
or charitable organizations, and academia. Their role is in the review of program
objectives through discussions with faculty and on advisory boards. As the
undergraduate program has graduated only 3 classes with only a few students going to
industry, the ABET Committee has contacted those companies where are students
have been placed.

Professional/Graduate  Schools: This group generally represents the
employers/faculty that are the direct recipients of the BME graduates, although in some
cases BME alumni may be returning to graduate school following some industrial or
service experience. These schools may include BME graduate programs, similar
graduate training programs, e.g., biomedical sciences, medical school, engineering
management programs, or other post-undergraduate training. Their role is in the review
of program objectives through communication with departmental faculty.

The Pritzker/BME External Advisory board plays a prominent role in aiding the
Department to gauge how best to approach both entities, industry and graduate
schools, for insight on our graduates and determine if we are meeting student needs in
their preparation.
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2.5 Program Educational Objectives Assessment Process

2.5.1 The Department of Biomedical Engineering Program Educational
Objectives Assessment Process

The assessment process relies upon feedback from all the constituent groups regarding
the program objectives and outcomes. This is the first ABET evaluation for the BME
program and currently we are conducting a two year feedback loop while outcomes and
assessment methods are in actuality evaluated on a annual basis. Figure 2.1 illustrates
the current process.

The BME program entered its first class in Fall 2002 largely through the efforts of
Vincent Turitto, DEngSci, the Director of the Pritzker Institute of Biomedical Science and
Engineering. With the aid of two Whitaker Grants, one to establish a PhD program in
2001 and the second for an undergraduate program, a core faculty was recruited and
facilities were converted to BME use. The original proposed curriculum, designed by Dr.
Turitto, began to evolve as new faculty more acutely addressed BME needs while
working with other faculty and committees within Armour College. As the Department
was so small both graduate and undergraduate curricular, objective, and outcome
issues were discussed and determined within the context of regular department
meetings. An Undergraduate Curriculum Committee was formally convened in 2004 as
was an ABET Committee. There has been considerable refining of the specialty tracks
as BME courses came on line and the nature of courses in other departments was
better understood. Parallel to the curricular development was a growth in the
understanding of where these efforts fit within an ABET matrix. Since that time the
ABET Committee has endeavored to formalize the Department Mission, program
outcomes, and program educational objectives. In pursuit of this effort, several
members of the committee have attended ABET workshops. Dr. Turitto has also
attended the Whitaker Education Summits. In addition, the Department held a faculty
retreat in the summer of 2007 that focused on the ABET assessment process. Faculty
presentations and discussions during the retreat promoted action plans for enhancing
the assessment of program outcomes and mapping these to our educational program
objectives. The assessment process in place, outlined in Figure 2.1, ensures the
objectives remain relevant and meet the needs of constituents while continuously
undergoing improvement.

The following assessment mechanisms are currently in place: Faculty Review, Student
Advisory Board Review, Senior Exit Survey, Alumni Survey, External Advisory Board
Review.

The ABET Committee solicits input and data from the faculty, and all other
constituencies, reviews the material and information, and then makes recommendations
back to the faculty and chair.

2.5.2 Faculty Review

The BME faculty have significant input in regard to the appropriateness of the Program
Educational Objectives. They have extensive knowledge of the job market, graduate
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school, and medical schools. They continually improve their understanding on their
particular body of knowledge as presented in classes and through their research
programs. We have an active research-oriented department that continually
investigates into their respective areas. Based upon those changing knowledge bases,
faculty critically evaluate the Program Educational Objectives on a bi-annual basis and
assess if the Objectives are appropriate and need refining, etc. The ABET Committee
solicits input from the faculty, incorporates the feedback, and then makes any
recommendations back to the faculty for review and approval.

2.5.3 Student Advisory Board

In April of each academic year, a student representative for each class is selected by
the BMES Chapter. These representatives relay student concerns to the Department
Chair or the Chapter Faculty Advisors. Current board members are working with the
ABET Committee to prepare a formal survey mechanism to assess how the BME
curriculum addresses the Program Educational Objectives.

2.5.4 Senior Exit Survey

Graduating seniors have a 4 year perspective of the BME curriculum. All seniors fill out
the exit survey and discuss that data with the Department Chair. The student
commentary and completed forms are later assessed by the Chair and the ABET
Committee. A specific question is directed to the Program Educational Objectives.
Students are asked about the relevance of the Objectives to their post-BS career plans.
See Appendix E.

2.5.5 Alumni Survey

The BME Alumni Survey, inaugurated in October 2007, contains 5 specific questions on
the Program Educational Objectives, one for each objective. See Appendix E for the
survey. These questions specifically ask if the Program Educational Objectives have
prepared them for their current vocational needs. These data again go to the Chair and
the ABET Committee.

2.5.6 External Advisory Board Review

An advisory board has been present from the beginning of the effort to create a BME
graduate and undergraduate program at lIT. The first board existed for the Pritzker
Institute of Medical Engineering and had oversight through the creation of the graduate
and then the undergraduate program. The Board now has two advisory roles: one for
the Pritzker Institute for Biomedical Science and Engineering and another for the
Department of Biomedical Engineering. The membership of the Board reflects the post-
BS career plans of the graduate and undergraduate student constituencies. The Board
has: 4 medical, 5 industry, and 7 academic-based representative (5 of whom are
biomedical engineers). There are a high number of students coming into BME that
indicate medical school as their goal, on average 30-35%. The next significant group
view graduate school as their goal, on average between 50 and 52%. The number of
students who were interested in going directly into industry was on average about 18%.
The Board usually meets on an annual basis with the Pritzker Institute and the
Department. See Table 2.3 for current membership.

25



The Board members represent the larger constituencies of graduate school,
professional school, and industry. These representatives provide feedback to the
Department on the relevance and significance of the Program Educational Objectives to
the student constituency and the constituency that they represent. Their knowledge of
their own field allows them to make commentary on the needs of the student coming
into that field. By knowing this, the Department can more acutely meet the needs of the
students and meet the needs of the post-BS constituencies.

The ABET Committee has recommended that an alumnus be on the Advisory Board or
alumni from the medical, professional/graduate, and industry areas.

26



o

__________________________________________________

TABLE 2.1 ASSESSMENT PROCESS

CONSTITUENTS

h 4

BME
Department
Mission
and Goals

|

Program
Objectives

Y

Program
Outcomes

h 4

h 4

BME Program-
Courses, faculty,
Students

b

r

Pre-Grad

Assessm

ent Tools

b

r

BME

—— Graduation

Course

Outcomes |

Armour College
Undergraduate Committee

Undergraduate

Committee

Post-Grad
Evaluation
Tools

[y

27

___________________________________



2.6. Achievement of Program Educational Objectives

As stated in 2.5.1, the Department of Biomedical Engineering Program Educational
Objectives Assessment Process, a process for assessment has been established
utilizing input from the constituencies listed below.

2.6.1 Senior Exit Survey

The last portion of this survey asks students about where they are going in their post-BS
career and provides the Department with information if they are prepared for
acceptance into the medical, academic, and industrial professional worlds. The senior
exit survey form can be found in the Appendix E. Exit interviews are conducted with all
graduating seniors on an individual basis with the Department Chair twice during their
senior year. The first interview takes place at an early stage during the fall semester in
order to gain insight on the students’ plans after graduation and to offer specific career
suggestions. The second interview takes place at a latter stage in the spring semester
where their plans are readdressed. This survey is a preliminary assessment based on
student placement success. The tacit assumption being that if students are successful
in gaining entrance into graduate school, medical/professional school, or industry, then
the Department has adequately prepared them to achieve our Program Educational
Objectives in their chosen careers.

2.6.2 Alumni Survey

The first two BME undergraduate classes graduated in May 2006 and 2007 and provide
the basis for the alumni survey. A survey has been designed and has been
implemented on a web-based survey mechanism. The alumni survey has been posted
on an Internet provider (Zoomerang). The survey was created, tested, and approved by
the ABET Committee. Data has been garnered and has been analyzed by the ABET
Committee. The third graduating class will be in May 2008 and will be surveyed a year
from graduation.

A portion of the survey is designed specifically around the Program Educational
Objectives and Outcomes, and asks a series of questions that indicate if and to what
extent the student has achieved goals and accomplishments directly linked to the
Program Educational Objectives. Students are asked to indicate, on a 1 (worst) through
5 (best) scale, the degree of importance and preparation for each Program Educational
Objective and Outcomes. The mean of the responses are reviewed and any areas
under 4 are examined more closely.

2.6.3 Employer Survey

A survey has been developed asking employers to evaluate BME graduates with
respect to their achievements that are related to the Program Educational Objectives
and Outcomes.

Employers are asked to indicate, on a 1 (worst) through 5 (best) scale, the degree of
performance on specific tasks and skills related to Program Educational Objective and
Outcomes. The mean of the responses are reviewed and any areas under 4 are
examined more closely.
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TABLE 2.2 - PRITZKER INSTITUTE OF BIOMEDICAL SCIENCE
ENGINEERING/BME ADVISORY COMMITTEE (09/07)

Maryellen L. Giger, PhD

Professor and Director, Graduate Program in Medical Physics
Department of Radiology

University of Chicago

Chicago, IL

Eric J. Guilbeau, PhD
Professor

Department of Bioengineering
Arizona State University
Tempe, AZ

J. David Hellums, PhD

A. J. Hartsook Professor Emeritus and Research Professor
Department of Bioengineering

Rice University

Houston, TX

Jiang Hsieh, PhD

Chief Scientist, Applied Science Laboratory
GE Healthcare

Milwaukee, WI

Mitchell Litt, DEngSci

Professor of Bioengineering and Chemical Engineering
Department of Bioengineering

School of Engineering and Applied Science

University of Pennsylvania

Philadelphia, PA

Yale Nemerson, MD

AND

Philip J. and Harriet L. Goodhart Professor of Medicine and Professor of Biochemistry

The Mount Sinai Medical Center
New York, NY

Philip S. Ulinski, PhD

Professor

Department of Organismal Biology and Anatomy
University of Chicago

Chicago, IL
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Harvey J. Weiss, MD
Columbia Medical School
520 St. Nicholas Ave.
Haworth, NJ 07641

Adrian Kantrowitz,MD
L-VAD Technology, Inc.
Detroit, Ml

Brad Enegren

VP and General Manager
Medtronic Mini-Med
Northridge, CA

David L Amrani, PhD, FAHA
Senior Director

Exploratory Research

Baxter Corp.

Deerfield, IL

Lewis B. Schwartz, MD

Director of Research in Cardiovascular Applications
Abbott Laboratories

Abbott Park, IL

James Davidson, PhD
Edwards Lifesciences
One Edwards Way
Irvine, CA 92614

IIT Members:

Robert Arzbaecher, PhD

Professor Emeritus

[IT - Pritzker Institute of Biomedical Sciences and Engineering and Department of
Biomedical Engineering

Vincent Turitto, DEngrSci

Prof and Chair

lIT - Pritzker Institute of Biomedical Sciences and Engineering and Department of
Biomedical Engineering

30



CRITERION 3. PROGRAM OUTCOMES

3.1 Process for Establishing and Revising BME Program
Outcomes

The current Program Outcomes were developed in the Department of Biomedical
Engineering in 2004. These are the first outcomes for the undergraduate
program. They were formulated in the ABET Committee and then brought to the
Chair and Department for approval. They were directly adapted from the ABET
outcomes with the addition of the specific program objectives for Biomedical
Engineering. They were modified only slightly to include proper nomenclature
linking the outcomes to biomedical engineering.

The Program Outcomes were again reviewed by the ABET Committee in
2007. They were determined to still meet the requirements of our students. The
review included evaluation of data provided by exit surveys, alumni surveys, and
input from the Advisory Board. Both surveys are contained in Appendix E. The
outcomes will come under review again in 2009.

3.2 BME Program Outcomes

Graduates of the BME program at lllinois Institute of Technology will attain
proficiency in the following program outcomes upon graduation. These
outcomes are documented on:
http://wwwe.iit.edu/engineering/bme/programs/undergrad/objectives.shtml as well
as inthe IIT Undergraduate Bulletin 2006-08.

(a) an ability to apply knowledge of mathematics, science, and engineering to the
solution of biomedical engineering problems

(b) an ability to design and conduct experiments, as well as to analyze and
interpret data

(c) an ability to design a biomedical engineering system, component, or process
to meet desired needs within realistic constraints such as economic,
environmental, social, political, ethical, health and safety,
manufacturability, and sustainability

(d) an ability to function on multi-disciplinary teams

(e) an ability to identify, formulate, and solve engineering problems

() an understanding of professional and ethical responsibility

(g) an ability to communicate effectively based upon analytical and critical
thinking skills
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(h) the broad education necessary to understand the impact of engineering
solutions in a global, economic, environmental, and societal context

() a recognition of the need for and an ability to engage in life-long learning
() a knowledge of contemporary issues relevant to biomedical engineering

(k) an ability to use the techniques, skills, and modern engineering tools
necessary for engineering practice

() an understanding of biology and physiology, and the capability to apply
advanced mathematics, science, and engineering to solve the problems at
the interface of engineering and biology

(m) the ability to make measurements on and interpret data from living systems,
addressing the problems associated with the interaction between living
and non-living materials and systems

3.2.1 Relation of BME Program Outcomes to ABET Criterion 3 and 9

The Program Outcomes for the BME undergraduate program at IIT are directly
correlated with the required ABET outcomes of Criterion 3 and Criterion 9.
Specifically, program outcomes (a) through (k) correspond to Criterion 3 (a-k)
while outcomes (l) and (m) correspond to sections of Criterion 9.

3.3 Relationship of BME Program Outcomes to BME Program
Educational Objectives

The specific program outcomes that lead to fulfilling the program objectives and
mission are outlined in Table 3.1. The first 2 objectives reflect the essential
guantitative skills necessary for engineering practice and are supported by most
of the program outcomes. The last 3 objectives, more specific, reflect non-
technical skills that are complementary to the first two objectives and are vital to
functioning in the professional engineering world.
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Table 3.1 Relationship Between Program Objectives and Outcomes

Program Outcomes

Program Objectives alb|c|d|eff|g|h |i]|] |k

1. Our alumni possess the quantitative,
analytic, and critical thinking skills
necessary for solving complex
biomedical engineering problems in | x| x| X X | x X | X|Xx|x
industry, graduate, or professional
graduate programs.

2. Our alumni possess the ability to
employ biomedical engineering | X | X | X X[ X|X[Xx | X|[x]|X
laboratory skills in industry, graduate,
or professional graduate programs.

3. Our alumni possess the requisite X | x
written and oral communication skills
necessary to interact with health care
professionals, engineers or scientists
in industry, graduate, or professional
graduate programs.

4. Our alumni possess the ability to X X
work in teams in industry, graduate or
professional graduate programs.

5. Our alumni possess the sense of
responsibility and ethics of a X | x X
professional engineer in industry,
graduate, or professional graduate
programs.

3.4 Relationship of Courses in the Curriculum to the BME
Program Outcomes

The relationship of all required math, science and engineering courses to the
BME Program Outcomes is delineated in this section according to Track.

3.4.1 Relationship of non-BME courses to the BME Program
Outcomes

BME students acquire basic math and science knowledge and skills in the
first 2 years. The relationship to BME Program Outcomes is summarized in
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Table 3.2. Math courses lay a basis for Program Outcomes a, e and |. Science
lecture courses in chemistry, physics and biology lay an additional basis for
Program Outcomes a and |. Accompanying lab courses contribute Program
Outcome b, in addition to outcomes a and I. A lab course in human biology
further contributes to knowledge required for Program Outcome m.

All students are also required by BME, in addition to the institution, to take
an introductory computer science course. The course that BME students
complete is track dependent with CS 105 in Cell and Tissue, CS 115 in Neural
Engineering, and CS201 in Medical Imaging. Introductory computer science
courses lay the groundwork for achievement of Program Outcome k (Table 3.2).

In these first two years, students also complete lower division engineering
courses based on their Track selection. All students complete an introductory
engineering course in circuits (ECE 211); Cell and Tissue Track students’
complete courses in mechanics (MMAE 200), materials science (MS201) and
mass and energy balances (CHE202); Neural Engineering students complete
additional courses in circuits and accompanying labs (ECE 212, 213, 214);
Medical Imaging Track students take the one additional circuits course
(ECE213). The Program Outcomes determined by the host department for each
course was correlated to BME Program Outcomes and the relationship of these
courses to BME Program Outcomes is noted in Table 3.3.

Table 3.2 Math and Science Courses — Program Outcomes

Course
PHYS 123
PHYS 221
PHYS 224
BIOL 115
BIOL 117
BIOL 430
CHEM 124
CHEM 125
CHEM 237
CHEM 239
MATH 151
MATH 152
MATH 251
MATH 252
MATH 333
CS 105
CS 115
CS 201 X

blc|d|e|flg|h]i]]]|k

XAX XXX [X[X|X[X|X|X[X|X|X|[X|®
X | X
XXX XXX [X|X[X[X|X[X|X|X|X|[—

XXX [ X | X

x

x
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Table 3.3. Armour College Engineering Courses — Program Outcomes

Course alblc |d|e|f|g|h]i|)] k]|l |m
CHE 202 X | X X X X
ECE 211 X X X
ECE 212 X | X X X X
ECE 213 X X

ECE 214 X | X X X
ECE 218 X X

ECE 437 X X X X
ECE 481 X | X | X X | X |X X | X
MMAE 200 | x X X X | X | X

MS 201 X | X X | X | X

3.4.2 Relationship of the BME courses to the BME Program Outcomes

In the first semester in the department, all BME students (new freshmen
and all transfer students) take BME 100, Introduction to the Profession, which
introduces BME laboratory skills (outcome b), ethics (outcome f), communication
(outcome @), an appreciation of the breadth of biomedical engineering and its
relationship to medicine, research and industry (outcome h) through
presentations by outside speakers representative of these constituencies. In the
3 or 4™ semester all students take BME 200, Engineering Applications of
MATLAB which introduces biomedical engineering problem solving (outcomes a,
and e ), and the ability to use modern engineering tools (outcome k)(Table 3.4).

BME upper division core courses continue to provide a broader
background in biomedical engineering with topics including signals (BME 330)
and biomaterials (BME310) and biomedical engineering applications of statistics
(BME 433). They also include a 3 semester sequence of laboratories:
Instrumentation and Measurements (BME 315), Bio-fluid Mechanics (BME320),
and Quantitative Physiology (BME 405). Together, this core contributes to all of
the BME Program Outcomes and provides team-based experiences, although
they are not strictly multidisciplinary (the students from each track are often in
one team), and hence, do not strictly address outcome d. The 2 semester
capstone design experience addresses multidisciplinary teams by requiring team
members come from across tracks and by projects which entail broader
engineering skills, e.g., electronics or signals in conjunction with materials. The
sequence additionally addresses the realistic constraints of the design process
(outcome c). BME 490 Senior Seminar emphasizes outcomes such as life-long
learning (i) and understanding biomedical engineering in a broader context
(outcome h), e.g., social.
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Track requirements provide more depth in the areas of Cell and Tissue
Engineering, Neural Engineering and Medical Imaging and further support all
BME Program Outcomes.

Cell and Tissue Track courses focus on the engineering topics of
thermodynamics (BME 335), fluid mechanics (BME301), reaction kinetics (BME
408), and mass transport (BME482) that are essential for cell and tissue
engineering applications. These courses additionally address a range of
Program Outcomes with an emphasis on biomedical engineering problem solving
(outcomes a, e and ) and contemporary issues in cell and tissue engineering
(outcome j) through analysis of current journal literature.

The Neural Engineering and Medical Imaging Tracks have 4 common
courses that address biomedical imaging and sensing (BME309), instrumentation
and electronics (BME 443), quantitative neural function (BME445) and Neuro-
Imaging (BME 438). These courses also emphasize biomedical engineering
problem solving (outcomes a, e and I) and the use of modern engineering tools
with extensive application of MATLAB in addition to more specific software
including PSplice, Neurons in Action, and SMP5.

Table 3.4 Relationship Between Program Outcomes and BME Courses

Course alblc|d|e|[f|g|h]i]|j|k]l]|m
CORE

BME 100 X X | X|X X | X
BME 200 X X X X | X[ X

BME 310 X | X X X | X[ X
BME 315 X | X X X

BME 320 X | X X X X

BME 330 X | X | X X X

BME 405 X X X | X
BME 419 X[ X|X|X|[X|[X]|X]|X X[ X|X]|X
BME 420 X[ X|X|X|X]|X]|X X | X | X
BME 433 X | X | X X X

BME 490 X[ X|X]|X]|X

Cell and Tissue alblc|d|e|f|g|lh]i|]|k]I|m
BME 301 X X X X X
BME 335 X X X X
BME 408 X | x X X | x| X
BME 482 X X X X | X
Neural Engineering/

Medical Irr?aging ’ ajbjcidie fgihii|jjkiljm
BME 309 X X X X X |X|[Xx|X
BME 438 X | X X X|X|[Xx|X
BME 443 X X X

BME 445 X | X X | x| X X
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3.5 BME Documentation

The Department of Biomedical Engineering maintains a specific room solely for
ABET materials (Wishnick Hall, Room 301C). There are labeled binders for each
course with all relevant data, e.g., syllabi, samples of student work, (see list of
materials collected for each course, each semester in Appendix E). These are
termed “Course Binders” and include a copy of the syllabus that links student
learning objectives (SLO) for the specific course to Program Outcomes and
indirect assessment of SLOs (and hence Program Outcomes). There are also
specific binders from each team in the Capstone Design course. There is
another set of binders dedicated to each of the Program Outcomes termed
“Direct Outcome Assessment Binders”. In each are complete sets of student
achievement for targeted outcomes assessed as described in Section 3.6. There
is in addition, a binder with pertinent Department policy, e.g., advising, etc., and
ABET Committee and Faculty meeting minutes.

3.6 Achievement of BME Program Outcomes

3.6.1 Direct Assessment of Program Outcomes

Assessment of program outcomes occurs by applying specific performance
criteria to each outcome. The BME Department established specific
Performance Criteria that define measurable/quantifiable knowledge, skills or
abilities for each of the Program Outcomes (see Table 3.5). The ABET
Committee continued to refine the criteria and presented this final draft to the
Chair and Department for approval. These criteria were used to assess
achievement for all outcomes for academic years 2006-07 and 2007-08.

The Performance Criteria are directly applied to specific assignments
similar to a grading rubric. Therefore, each instructor is assigned (by the ABET
Committee) 2 or 3 Program Outcomes that are addressed in their junior or senior
level course. The instructor selects an assignment (this can be a homework or
test question(s), lab report (or portion), article analysis, term paper, etc.) in which
the students are asked to demonstrate the knowledge, skills or abilities identified
in the Performance Criteria. For this assignment, each student’'s achievement is
measured.  Achievement for the first two academic years in which the
Performance Criteria were implemented for all Program Outcomes was defined
as a pass (1) or fail (0) evaluation based on the acceptable achievement level
defined as average or better. In future versions of the Performance Criteria,
levels of achievement will be more specifically defined and graded from 1-4 or 5
depending on complexity. In addition, as previously noted, they will only be
applied to each outcome on a 3-year cycle.

Data from instructors are contained in spreadsheets by outcome and

performance criteria for each student (see example in Appendix E). These data,
in conjunction with copies of the assessment mechanism (homework, exam, etc)
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are collected by the ABET Committee at the end of each academic year and
maintained in the “Direct Outcome Assessment Binders”. The level of
achievement for each student across Performance Criteria and the achievement
of a given criteria across students are automatically tabulated in the spreadsheet.
The ABET Committee reviews these data and provides a report to the
Department Chair and faculty with specific concerns and any recommendations
for improvement. These are then discussed by the full faculty and any decisions

voted on.

Table 3.5 Performance Criteria for Qutcomes Assessment

OUTCOMES

PERFORMANCE CRITERIA

a: An ability to apply knowledge of
mathematics, science, and
engineering to the solution of
biomedical engineering problems

1. Converts physical problem into
mathematical equations including
initial/boundary conditions

2. Transforms equations into a solvable
format (e.g., Laplace Transforms,
MATLAB)

3. Solves equations

4. Relates solution to relevant physical
meaning

b: an ability to design and conduct
experiments, as well as to analyze
and interpret data

1. Effectively uses a range of manual
measurement instruments and
computerized data acquisition
based instruments

2. The ability to apply basic statistics
(mean, SD, t-test) to data sets and
present data in a logical manner
using both graphics and textual
descriptions

3. Student understands the limitations of
the data and the statistical tests
performed on the data. Provides
rational explanations of data within
the context of the relevant
underlying concepts. Applies
information from additional
sources. Goes beyond mere error
analysis

4. The ability to design an experimental
methodology to address a specific
objective or test a hypothesis
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c: An ability to design a biomedical 1. Able to define needs
engineering system, component, or | 2. Able to define constraints
process to meet desired needs 3. Offers alternative solutions
within realistic constraints such as | 4. Defines problem to be solved
economic, environmental, social, 5. Defines project scope
political, ethical, health and safety, | 6. Compares alternative solutions
manufacturability, and 7. Defends selection of final design
sustainability.
d: An ability to function on 1. Helps group develop team goals,
multidisciplinary teams defines criteria for conflict
resolution, and communicate their
decisions
2. Completes tasks on time
3. Monitors group’s progress
4. Stays on tasks
5. Initiates interactions with other team

members and facilitates
interactions between team
members

. Evaluates work of peers

Uses results of evaluation to improve
performance of the team

e: An ability to identify, formulate and
solve engineering problems

=

Defines problem

States assumptions, identifies
unknowns, and an ability to
estimate

Develops model (mathematical or
experimental)

Solves problem or completes
experiment and evaluates solution

Applies knowledge of basic math and
science throughout process

f: An understanding of professional and

ethical responsibility

Recognizes when ethical issues or
dilemmas are present

Discusses ethical concerns within the
context of the relevant ethical
standards

Comprehends and critically assesses
opposing arguments

Uses ethical conduct in
communication (using citations,
acknowledging sources of info)

develops and maintains a personal
code of ethics
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g: An ability to communicate effectively
based upon analytical and critical
thinking skills

. Conveys technical information

effectively using graphics, tables,
and charts

. Conveys information effectively in

written and oral presentations

. Synthesizes technical/scientific

information/content in order to
present effectively to an audience

. Analyzes technical/scientific

information in order to present
effectively to an audience

. Recognizes background, needs, and

characteristics of audience

. Communicates effectively using

mathematics

h: the broad education necessary to
understand the impact of
engineering solutions in a global,
economic, environmental, and
societal context

. Identifies human needs and/or goals

that technology or engineering
research will serve

. Analyzes and evaluates the economic,

social, environmental, and global
impact of new research or
technology

i: arecognition of the need for and an
ability to engage in life-long
learning

2.
3. Evaluates how sources contribute to

. Searches pertinent, professional

literature
Uses other information resources

knowledge

4. Able to discern when sufficient

5.
6.

7.

expertise or knowledge is reached
for a particular task
Assess the reliability of sources
Attends seminars, workshops or other
continuing education venues
Pursues graduate or professional
degrees following graduation
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j: aknowledge of contemporary issues
relevant to biomedical engineering

. Critically analyzes processes and

theories addressed in current
research or technological
endeavors that impact biomedical
engineering

. Comprehends assumptions and

interprets key results of current
research or technology based on
knowledge of underlying
engineering principles

. Draws relevant conclusions about

current research or technology and
proposes relevant future studies or
improvements

. Is able to assess why a research

finding or new technology is a
significant contemporary topic

k: an ability to use the techniques, skills,
and modern engineering tools
necessary for engineering practice

. Able to use software (e.g., Excel,

Matlab, or Flowlab) to solve
engineering problems

. Able to use instrumentation relevant to

BME (viscometers,
spectrophotometers, pumps,
sensors, transducers, effectively

. Able to use computerized data

acquisition to acquire data
(Powerlab)

I: an understanding of biology and
physiology, and the capability to
apply advanced mathematics,
science, and engineering to solve
the problems at the interface of
engineering and biology

. Ability to quantitatively describe and

explain biological/physiological
processes and systems

. Utilizes appropriate assumptions when

applying engineering solutions to
biological or physiological systems

. Understand limitations of engineering

solutions applied to biological and
physiological systems
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m: the ability to make measurements on 1. Handles animal subjects with proper

and interpret data from living technique and care

systems, addressing the problems | 2. Handles tissue, cells or other anatomic
associated with the interaction components without inflicting
between living and non-living unnecessary damage

materials and systems 3. Able to record relevant physiologic

signals or apply appropriate stimuli
4. Able to analyze data and extract
relevant parameters following data
reduction
5. Connects results to and synthesizes
results with general physiological
principles
. Ability to describe and explain nature of
interactions between living and
non-living materials and systems

(o2

3.6.2 Indirect Assessment of Program Outcomes

Student Learning Objectives (SLOs) are determined for each course and linked to
Program Outcomes. The SLOs are assessed in every course, each semester by both
students and faculty. The survey asks students to answer the following questions
using a 4-point scale. 1) To which level do you feel this objective was addressed in this
course? And 2) To what degree do you personally feel you achieved this objective?
Additionally, each instructor completes a survey that indicates their own determination
of the level of students’ achievement of SLOs. Instructors base their determination on
the level of success in particular assignments as designated on the survey. Instructors
also address specific aspects of the students’ achievement that includes their
preparation in mathematics, basic sciences and the required prerequisite courses. The
instructor is also asked to provide comment on any improvements to be made in future
semesters. Finally, the students’ perception of SLO achievement, based on question 2
responses, is correlated with faculty determinations and entered into a spreadsheet that
automatically generates a graphical comparison of student and faculty perceptions for
each SLO and their correlative Program Outcomes. Examples of both surveys and the
graphics are provided in Appendix E.

The data from the surveys are included in the “Course Binders” and submitted to
the ABET Committee for review. Significant discrepancies between the student and
instructor responses are discussed by the Committee and any recommendations
presented to the full faculty. For example, if students indicate that a particular objective
was not well addressed, or if students felt they were not able to achieve particular
SLOs, these are identified and the relationship to Program Outcomes used in
conjunction with Direct Assessment materials in Outcome assessment.
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CRITERION 4. CONTINUOUS IMPROVEMENT

4.1 Information Used for Program Improvement

The BME Department garners important data from both indirect and direct
assessment on the achievement of Student Learning Objectives, Program
Outcomes, Program Educational Objectives and overall satisfaction with the
curriculum. Data are also obtained regarding the suitability of Program
Outcomes and Educational Objectives. The specific mechanisms used to assess
achievement are as follows:

Student Learning Objectives

1) Student and Faculty Course Surveys
Program Outcomes

Direct Assessment based on Performance Criteria

Indirect assessment from 1) Student and Faculty Course Surveys (SLOs
are linked to one or more POs), 2) Exit Surveys, 3) Alumni Surveys, 4) Employer
Survey
Program Educational Objectives

1) Exit Survey, 2) Alumni Survey
Student Satisfaction with Curriculum

1) Exit Survey, 2) Alumni Survey

Mechanisms for assessing the suitability are as follows:

Program Outcomes

1) Advisory Board, 2) Alumni Survey
Program Educational Objectives

1) Advisory Board, 2) Alumni Survey

4.2 Student Learning Objectives (SLOs)

Specific learning objectives are determined for each course in the curriculum.
These objectives are then linked to one or more Program Outcomes. Each
semester students provide their perception of achievement of SLOs. Faculty
members also submit a survey with their perception of student achievement.
These responses are tallied and submitted in a spreadsheet that automatically
graphs a comparison of student and faculty perceptions. An example for BME
100 (FO7) is shown below (Figure 4.1). Significant variation (>20%) between
student and faculty responses are summarized and reported to instructors.
Instructors also provide commentary on strengths and weaknesses in the course.
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BME 100 - Fall 2007
Qutcomes

MO
_ AO ,
0 dw—_‘j
NU
MO

m Faculty

O Student

Student Learning Objectives
3
b,
gl z

MO

NU

0.00% 20.00%  40.00%  60.00%  80.00%  100.00%

Percent Achievement

Figure 4.1 Example of data obtained from comparison of student and faculty
surveys of achievement of student learning objectives

Note: MO — Mastered outcome, AO — achieved outcome; NI — Needs improvement, NU — No
understanding

4.3 Program Outcomes

4.3.1 Direct Assessment

Achievement of performance criteria were assessed over two academic years
and the percent of all students achieving each outcome were summarized as in
Table 4.1. Criteria with less than 70% achievement were reviewed closely by the
ABET Committee and actions recommended.

Table 4.1 Program Outcome b

Performance | 1 2 3 4
Criteria-b

BME 315 — 19/25 Not 14/25 19/25
25 students | 76% assessed 56% 76%
BME 320- 24 | 24/24 17/24 12/24 Not
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students 100% 70.8% 50% assessed
Combined 43/49 17/24 26/49 19/25
87.7% 70.8% 53% 76%

4.3.2 Indirect Assessment

4.3.2.1 EXxit Surveys

The second part of the Exit Survey queries students on how well they achieved
competency in specific skills on a scale of 1 (worst) to 5 (best). The first
generation of the Exit Survey relates to Program Outcomes a — m fairly well.
This portion is currently under revision for 2008-09 academic year to more
accurately address each aspect of every Program Outcome. The results from
three years of graduates show that 75% or more of all graduates responded to
skill questions with a 4 or 5 (with 5 indicating best). An example of responses for
Outcome g is shown in Table 4.2.

Table 4.2 Example of data from exit survey on skills achievement

SKILL Worst [ 2|3 4 Best
1 5

Ability to communicate (oral) (g) 1 7 |34 |24

Ability to communicate (written) (g) 215 |24 |32

Track Class of 2006 Class of 2007

Cell and Tissue 18/27 67% 12/15  80%

Neural Engineering 1/3 33% 2/6 33.3%

Medical Imaging 0 1/1 100%

Overall 19/30 63 % 15/22 68%

(All Tracks)

Table 4.3 Response rate to Alumni Survey
4.3.2.2 Alumni Surveys

Alumni are asked to rate their perception of the level of preparation vs. the
importance of Program Outcomes in their post-graduate employment or
educational activities. Means and standard deviations are determined and any
response under 4, as well as any difference in mean response between
importance and preparation are examined by the ABET Committee and
recommendations determined. An example of response data is shown in Figure
4.2. The response rate by graduating class and track is shown in Table 4.3.
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4.3.2.3. Employer Surveys

Industry employers were asked to evaluate the performance of our students
regarding their ability to perform the skills addressed by the Program Outcomes.
To date we have responses from 2 employers regarding 5 graduates in industry.
This is a high response rate as the majority of our graduates go on to post-
graduate studies of some kind rather than enter industry. Responses are on a 1-
5 scale as in other survey mechanisms.

4.4 Program Educational Objectives

4.4.1 EXit Surveys

Exit surveys yield placement data, and thus give an early indication of students’
achievement of Program Educational Objective 1. Students were queried about
their chances of attending graduate school, medical school, or other professional
school on a 1-5 scale. A summary of results from 3 years of surveys is given in
Figure 4.3.

4.4.2 Alumni Surveys

Alumni surveys provide placement data and ask students to answer fact-based
guestions designed to evaluate their achievement of Program Educational
Objectives.

Figure 4.2 Example of data obtained from Alumni Survey. Comparison of students’ perception of
achievement (upper bar) versus importance of Program Outcomes (lower bar).
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Student Perception by Percentile of Achievement of
Program Objective 1 - 2006-2008

100.0%
v 80.0%
5 o1l
c
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0.0%
C&T NE M
BME Tracks

Figure 4.3 Perception of success in post-graduate study. 1 (worst) — 5 (best)
Percentage of students graduating in 2006-2008

44.2.1 Placement data

Placement information is summarized and categorized according to students’
current activity as Graduate School, Medical School, Industry or Other (Example
for 2007 in Figure 4.4). Employment in areas other than companies (e.g. lab
techs) is placed under Other.

4.4.2.2 Achievement of Program Educational Objectives.

A series of fact based questions, designed to determine the extent of
achievement of Program Educational Objectives are compiled and evaluated.
The responses are primarily in the form of a “yes” or a “no”.

4.5. General satisfaction with the curriculum

4.5.1 Exit Survey

The exit survey given to seniors each of the last three years asks students to rate
their overall satisfaction with the program, as well as their ability or knowledge in
the specific areas of programming, hands-on expertise, written and oral
communication and their perception of chances of pursuing post-graduate
studies. Responses are divided among the three tracks and are on a scale from
1to 5. The percent of responses at a level of 4 or 5 are summarized in Table 4.4
by track. Responses totaled 14-17 for NE, 45-50 for CT and 5 for Ml.
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Demographics of Graduates: Class of 2007

Based on fotal no. of respondents

Other

-Applying to Grad School

- Applying to Medical School

- Lab Techs

«Paraprofessional Special Education Assistant Medical Schools

- University of Chicago
- Wayne State

Graduate Schools

= Cornell
T
« Northwestern

Figure 4.4 Placement data for 2007 graduates obtained from the Alumni Survey

Table 4.4 Responses from Exit Survey regarding satisfaction with the

program

CT | NE MI
Was your education a positive experience? 83% | 88% | 80%
Quality and Effectiveness of the program. 74% | 86% | 40%
Your hands-on expertise now 71% | 88% | 80%

Your proficiency in
Computer coding with any computer language | 31% | 65% | 40%

MATLAB 38% | 69% | 80%
Any word processing software 98% | 100% | 80%
Oral presentations 92% | 94% | 60%
Writing reports 91% | 88% | 100%

Chances of attending graduate school in the
near future for M.S. or Ph.D., Medical School, | 86% | 81% | 60%
or other?

4.6 Suitability of Program Outcomes and Program Educational Objectives
In addition to determining the achievement of outcomes and objectives,
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their suitability for the Program will also be evaluated periodically and revised if
necessary. Input from Faculty, the Advisory Board and the Alumni are the key
sources of data. The capability of the alumni to achieve the objectives and
outcomes also contributes to the decision to revise or update. Advisory Board
input was obtained most recently in the Fall of 2007. Their commentary was
recorded and will be evaluated in 2009 together with data from the Alumni
Surveys and Faculty input.

4.7 Actions taken to improve the Program
4.7.1 Improvements Requiring Curricular Revision

A series of curricular revisions occurred since the Program inception in 2002.
The curricular changes were made based on a compilation of faculty
assessment, student feedback, the need to strengthen the engineering content
and specific biomedical engineering outcomes | and m.

4.7.1.1 AY2002 revision to streamline curriculum

Initially the curriculum consisted of three tracks (Cell and Tissue Engineering,
Medical Imaging and Neural Engineering) and 2 options (premed and
biomaterials) that were slight variations of the Cell and Tissue curriculum. The
curriculum was streamlined by eliminating the two options that only differed by
one or two courses. This decision was primarily based on a review of the
curriculum by the newly hired faculty (three at the time).

4.7.1.2 AY?2004 revision to engineering credits

The number of engineering versus math/science credits for each track was
determined based on ABET requirements. The Cell and Tissue track and the
Medical Imaging track were slightly below the standard of 48 for engineering
credits. As a result, the third semester of physics was replaced in all tracks with
BME 330 Biomedical Signals and Systems. The requirement was implemented
for all students that had not yet completed Physics Il at the time of this decision.

4.7.1.3 AY2004 revision to Neural Engineering and Medical Imaging
Tracks.

The Neural Engineering and Medical Imaging curricula were revamped
substantially primarily as a result of student feedback. Due to the large number
of courses taught in ECE and CS for these tracks, a large percentage of students
that originally opted for them decided to move to the Cell and Tissue Engineering
track (of the approximately 10 students that opted for NE, 7 opted to leave NE
and move to C and T. The Department Chair met with these students and
received detailed feedback regarding their concerns. The reason was that the
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students felt there was not a significant biomedical component to their major. An
additional factor in the decision to revise the curriculum was that these tracks
were clearly less populated then the Cell and Tissue Engineering track. A large
number of BME students plan to attend medical school and have a need for the
Organic Chemistry classes that were not a part of the Neural Engineering and
Medical Imaging curricula. The revised curricula offer an option to take organic
chemistry classes and have more common core BME classes for the Neural
Engineering and Medical Imaging tracks. The new BME courses implemented in
the junior and senior years are:

BME 443 Biomedical Instrumentation and Electronics

BME 445 Quantitative Neural Function

BME 438 Neuroimaging

The success of this revision is demonstrated in the number of students selecting
one of these tracks and ultimately graduating from that track. In 2006 there were
22, 3 and 0 graduates from CT, NE and MI, respectively. In 2007, it was 13, 7
and 1. In 2008 there were 10, 6 and 4, respectively.

4.7.1.4 AY2007-08 curricular revision to implement a MATLAB based
engineering course.

Analysis of Exit Survey responses and faculty input revealed that students felt
under qualified in computer programming, and specifically in the application of
MATLAB. Responses over three years of graduates indicated that only 31, 65
and 40% of students in CT, NE and MI, respectively, indicated a strong (4 or 5
response) proficiency in programming in any language. Only 38% of Cell and
Tissue Track, 69% of NE and 80% of MI students indicated a strong proficiency
in MATLAB. However, the number of responses in Ml was only 5. Additionally,
several faculty members had implemented MATLAB based assignments (see
section 7.2.1.1 under Criterion 7) and felt an introductory course in the use of
MATLAB to solve open-ended engineering problems was highly desirable. This
was also considered a desirable skill for industry and one that engineering
students would find helpful in their careers. The lack of adequate MATLAB
instruction for all BME students also came out in the interview portion of the exit
survey. This problem was discussed and resolved at the department faculty
retreat in July 2007. BME Applications of MATLAB (BME 200) became a 1 credit
core requirement in Spring 2008 for sophomores. Therefore, complete
implementation for all students will occur over 2 years. The total credit hours for
the program was not increased by this addition due to a gain of a credit from a
biology lab (BIOL 117) that was reduced from 2 to 1 credit the same year. The
results of this change will be known at the end of the 2008-2009 academic year,
at the earliest.

4,7.1.5 AY2007-08 curricular revision to add a core biomaterials
course

Following the establishment of specific Performance Criteria for Program

Outcome assessment, it was determined that students did not have sufficient
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training in the interaction between living and non —living systems as indicated in
outcome m, specifically performance criteria 6 “Ability to describe and explain
nature of interactions between living and non-living materials and
systems”. Although students received some exposure to biomaterials in some
required courses (BME 100, BME 405, BME 419), the extent of instruction was
limited and informal and in many cases, specific assignments addressing this
issue were not provided. The faculty felt that the ideal solution was to take an
elective course in Biomaterials and make it a core requirement for all tracks.
This was also decided at the Faculty Retreat in the summer of 2007.
Implementation occurred over stages so that graduating seniors would not have
to take an overload (over 18 credits in one semester) or delay their graduation.
Seniors (graduating by summer 2008) were highly encouraged to enroll in the
course as one of their BME electives. Students graduating beginning in the Fall
of 2008 are required to take the course. In order to maintain the total number of
credit hours in the program, the requirement for general biology with lab (BIOL
105 and BIOL 107) was removed as of Fall 2007. This opened up 4 credit hours,
3 of which were replaced with the biomaterials course.

4.7.1.6 AY2007 curricular revision to enhance Design

Instructor and student feedback following the first offering of the Design course
(BME 419) led to a decision to increase the number of credit hours in the first
semester from 1 to 2 such that the year-long course totaled 5 credits. In the first
two offerings, the first semester was solely lecture and based on the underlying
principles of design, but did not give students the opportunity to begin design
projects. The projects were started and completed in the second semester only.
Students did not feel they had sufficient time to complete the iterative process
necessary for design. The instructor agreed. Simultaneous with this discovery, 2
credits were dropped from freshmen biology labs. Therefore, it was decided that
one of these credits could be added to BME 419 without increasing the total
number of credit hours in the program. In the Fall of 2007 students began their
specific design projects in the first semester.

4.7.1.7. AY2008 curricular revision to enhance Physiology Lab

Based on student and instructor feedback, beginning in the Fall of 2008, the 1
credit physiology lab will have a lecture added and be increased to 2 credits.

4.7.2 Actions to improve the program not requiring curricular
revision

4.7.2.1 Actions to improve the program from student and faculty
course surveys.

Changes at the course level arise from data obtained from student and faculty
surveys (indirect) and from direct assessment of outcomes. Instructors, in
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conjunction with the ABET Committee determine specific action items for course
and program improvement.

A review of student/faculty course surveys is done on a semester and
annual basis for all BME courses by the ABET Committee. For example, based
on comparisons between student and faculty responses on the level of
achievement of student learning objectives, the following areas of significant
disparity (over 20%) were identified for Core BME courses in Fall 2006-Spring
2007 and resulted in actions.

Fall 2006

BME 100 - Introduction to the Profession

SLO 2 “Students will have an understanding of professional ethics through
discussion of the Code of Ethics of the Biomedical Engineering Society
and presentations by professional engineers and physicians”, PO f.
Observation: Students did not feel ethics were covered sufficiently (Handout of
code of conduct and BMES Code of Ethics with some class discussion was
insufficient.)

Action: The instructor agreed and specific assignments that assessed students
understanding of the codes of ethics have been developed for implementation in
Fall 2007.

Result (from Fall 07 surveys): Prior to the addition of specific ethics
assignments, 39% of students indicated that they adequately achieved the SLO.
After implementation of assignments, this number rose to 90%.

SLO 3 “Students will experience an introduction to biomedical engineering
labs through four hands-on experiences” (Program Outcomes b and m).
Observation: In hands-on exercises students had a greater perception of
achievement than the instructor.

Action: The instructor felt that the students were comfortable performing the
labs and that the students based their assessment on this metric, whereas the
instructor based the actual assessment on the lab reports. A grading rubric for
lab reports was implemented to aid both students and instructor in articulating the
requirements for the written lab reports.

Result (from Fall 07 surveys): The instructor determined that the number of
students adequately achieving SLO3 increased from 44% to 58%.

BME 330 - Analysis of Biosignals and Systems

Observation: SLOs 5,6 and 7 were not addressed and this was reflected in
faculty and student responses.

Action: The instructor has determined that there is insufficient time in one
semester to cover all topics of biomedical signals and biomedical systems. This
problem was addressed at the July 18, 2007 Retreat. The SLOs will be limited to
biomedical signals and subject matter relative to biomedical systems analysis will
be considered a topic for an elective course.

Results (from Fall 07 surveys): SLOs 5 and 7 were deleted while SLO 6 was
maintained. Additionally, the topics removed from BME 330 were primarily the
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“systems” related components. This topic area is now represented in a new BME
elective course titled Control Systems for Biomedical Engineers (BME 452).

Spring 2007

BME 320 - Biofluids Laboratory

Observation: Students felt they achieved at a somewhat lower level on
communication SLOs (PO g)

Action: A grading rubric for lab reports is being implemented to aid both
students and instructor in articulating the requirements for the written lab reports.
Results (from Spring 2008 surveys): Students perceived a greater
achievement of the communication SLO. The number responding that they did
not achieve the objective, or needed improvement decreased from 20% to 4.6%.
The faculty perception of achievement remained approximately the same. The
implication is that there is still a disconnect between faculty and student
expectations with regard to written communication. This issue will continue to be
addressed. Data from direct assessment of Program Outcome g in the same
course is presented below.

BME 420 - Senior Design

SLOs

1. To be able to identify design problems related to the construction of

biomedical engineering devices. (Satisfies Program Outcomes a, e, h, j, I)

2. To provide an understanding of the processes involved in planning, design

and development in a team setting (Satisfies Program Outcomes a, c, d, e, j, I)

3. To design and conduct experiments according to the team’s design plans and

analyze the resulting data (Satisfies Program Outcomes a, b, c, d, e, I)

4. To build a prototype biomedical device (Satisfies Program Outcomes a, b, c,

d, k)

5. To understand the ethical issues involved in testing the prototype devices

(Satisfies Program Outcomes f)

6. To develop professional communication skills (Satisfies Program Outcomes Q)

7. To use various software package (e.g. Matlab, LabView, PowerLab) to

acquire and analyze data (Satisfies Program Outcomes a, b, e, k, 1)

8. To use Project Kickstart software to plan and document the design process
(Satisfies Program Outcomes a, b, e, g, k, )

Observation: The instructor did not indicate any level of achievement for SLO 8
and student response corroborated by indicating “unacceptable” achievement.
Action: SLO 8 has been removed from the course objectives. It was
determined that use of this software package was not a key objective for a
capstone design course.

Observation: On SLO-'s 1-7 the instructor indicated a greater percentage of
students achieving at the “met expectations’ level than the students who
indicated that they did not feel they had met the objectives of the course.
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Action: The course objectives and the correlative program outcomes were
reviewed by the instructor and members of the ABET committee. The objectives
were streamlined. Essentially, objectives 1, 2, 3, 4 and 6 remained. In addition,
a textbook was acquired for the course. There had been no text in previous
years. Finally, students received a stronger introduction to the design process
by the increase in credits in BME 419 as described in section 4.7.1.5.

Results (From Spring 2008 surveys): Every student indicated adequate or
better achievement of all SLOs.

4.7.2.2

Actions to improve the program based on Exit Surveys

Data from Exit Surveys was divided into 4 areas. 1) Students perception of
achievement of Program Outcomes (recall that the skill based survey questions
corresponded to most Program Outcomes.); 2) Students satisfaction with
laboratory courses (including capstone design); 3) Students perception of
success in post-graduate study (early indicator of achievement of Educational
Program Objective 1); 4) General satisfaction with the program and specific
guestions regarding proficiency in programming languages, specifically MATLAB
and proficiency in oral and written communication.

1)

2)

Data from 3 years of graduates indicate that 75% or more of the
students perceive that they achieved the aspects of Program
Outcomes a-m addressed in the Exit Survey (see Appendix E for the
survey). There was, however, an indication that students were not
receiving sufficient knowledge about current societal and
environmental issues that affect biomedical engineering. IIT requires
that all students take 21 hours in social science and humanities
courses and somewhere in this they would hopefully attain some
knowledge that would help them to see the bigger picture. In Spring
2008 an effort to emphasize biomedical engineering within a larger
context was made in BME 490, Senior Seminar. The direct
assessment of Program Outcomes i and h from this course were very
positive and are discussed in section 4.7.2.3. The responses in all
other areas were at a level 3 or above; therefore, no action is currently
planned based on these results. However, the Exit Survey is under
revision to more closely align this portion of the survey with all aspects
of the Program Outcomes and their respective Performance Criteria.
Graduating seniors were surveyed on their laboratory experiences on a
sliding scale of 1-5, 1 (worst) and 5 (best). BME 315 is taken in fall of
their junior year and BME 320 is taken in spring of their junior year;
BME 405 is taken in fall of senior year, and BME 420 in spring.
Results are displayed in the following 4 Figures.

For year 2006, generally less than 10% of students indicated
dissatisfaction with laboratory experiences and 80-90% expressed
satisfaction (Figure 4.5a).

In 2007 (Figure 4.5b), a greater dissatisfaction appeared with BME
315 and BME 320. There was some improvement in BME 405 and
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BME 420. In the case of BME 320, there were significant
instrumentation or equipment issues that contributed to the student
dissatisfaction and have now been resolved. Regarding BME 315, this
is under discussion with the instructor and the ABET Committee.

In 2008 (Figure 4.5c), there were no responses at the worst level
(1) for any of the labs. There was considerable improvement in BME
420 responses in this year with all responses at 3 or above. As noted
above in section 4.7.2.1, there were concerted efforts to improve
students’ perception of achievement of outcomes and as noted in
section 4.7.1.5 the introductory design course was expanded to better
prepare students for the final semester of BME 420.

3) Students were queried about their chances of attending graduate
school, medical school, or other professional school after graduation.
The student responses in 2006 are for 25 students (22 for C& T, and 3
for NE). Generally, C & T and MI students had an expectation of
success in post-graduate study. One student or one/third of total in NE
had poor expectations.

The student responses in 2007 are for 18 students (10 for C& T, 7
for NE, and 1 for MI). Generally, students in all tracks had
expectations of success in post-graduate study.

The student responses for 2008 are for 20 students (10 for CT, 6
for NE and 4 for MI). There were only 2 responses, both in CT, that
indicated a low expectation of success in post-graduate work.

The combined responses for the graduating classes from 2006 to
2008 are shown in Figure 4.6.

4) Analysis of the responses to this component of the Exit Survey resulted
in a curricular change that is described in section 4.7.1.4.

4.7.2.3 Actions to improve the program based on direct program
outcome assessment

4.7.2.3.1 Actions taken to improve the assessment process

Direct assessment of Program Outcomes first occurred in academic year 2006-
2007. Previously, all assessment was indirect and survey based. An attempt
was made to assess all outcomes (a-m) in junior and senior level courses based
on the Performance Criteria. However, there were some areas in which direct
assessment mechanisms for individual students had to be developed. These
included outcomes c, d, h, i. Outcome c (design) was performed in teams and
individual achievement could not be determined. This problem was addressed in
Fall 2007. The instructors for BME 419 developed an individual exam based on
the design process. In the case of outcome d, teams were evaluated as a whole,
whereas individual students were not. This was addressed by the development
of a peer-evaluation rubric. Outcomes h and i were not assessed because
faculty did not have specific assignments that clearly addressed these outcomes.
This was rectified by targeting these outcomes in the senior seminar course
(BME 490). Seminar speakers that specifically addressed these outcomes and
accompanying assignments asking students to consider these outcomes were
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incorporated into the course in Spring 2008.

Figure 4.5 Student
satisfaction with
laboratory courses and
capstone design from
Exit Surveys from 2006-
2008. a) responses
from AY 2005-06; b)
responses from AY2006-
07; c) responses from
AY2007-08.
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Student Perception by Percentile of Achievement of Program
Objective 1 - 2006-2008

100.0%

«w 80.0% -
& @l
c
8  60.0% m2
%)
& | o3
= 40.0% o4
S 5
5 20.0% .
0.0% l—‘_ : i— :
c&rT NE MI
BME Tracks

Figure 4.6 Students’ perception of their potential success in post-
graduate studies

The direct assessment process in 2006-2007 also identified specific
performance criteria that could not be assessed because an adequate
mechanism did not exist. For example, Program Outcome b is “An ability to
design and conduct experiments as well as to analyze and interpret data”. The
components of this outcome (design, conduct, analyze) are addressed by
different Performance Criteria. It was determined that the ability to design
experiments was not well covered. There was a practical exam (timed) given in
BME 315 in which students were given an experiment to perform without being
given a step-by-step protocol. This was used to assess this criteria, however, the
ABET Committee felt this was not sufficiently open-ended and it had limitations
due to the time constraint of the exam. Therefore, in BME 320 in Spring 2008,
students were given an open-ended problem around which they designed an
experiment from scratch.

In academic year 2007-2008, all program outcomes were directly
assessed based on Performance Criteria.

4.7.2.3.2 Actions taken to improve achievement of program outcomes
Based on the 2006-2007 assessment data, the ABET Committee
identified a set of Performance criteria (and respective Program Outcome) for

which less than 70% of the students demonstrated minimal achievement. A
pattern was recognized in that all of these criteria related to the ability of students
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to evaluate or explain solutions to BME problems, or discuss data from
experiments. The relevant Program Outcome (in bold) and the specific
Performance Criteria (by number) were:

a: An ability to apply knowledge of mathematics, science, and engineering
to the solution of biomedical engineering problems
4. Relates solution to physical meaning
b: an ability to design and conduct experiments, as well as to analyze and
interpret data
3. Provides rational explanations of data within the context of the relevant
underlying concepts. Applies information from additional sources.
Goes beyond mere error analysis
e: An ability to identify, formulate and solve engineering problems
4. Solves problem or completes experiment and evaluates solution
I: an understanding of biology and physiology, and the capability to apply
advanced mathematics, science, and engineering to solve the problems at
the interface of engineering and biology
3. Understand limitations of engineering solutions applied to biological
and physiological systems

In part, it is thought this is due to the students’ inability to apply knowledge and
skills across the curriculum. For example, applying knowledge of human biology
or physiology to understanding the physical significance of a solution. Individual
instructors in courses addressing these outcomes were asked to make a
concerted effort to focus on these Performance Criteria. For example, in BME
320 extra time was set aside to help students prepare discussion points for their
lab reports and to understand how to go beyond error analysis. Additionally, in
BME 315 and BME 320 the use of outside sources to prepare a discussion was
emphasized, specifically, peer-reviewed literature only and not web sites. The
results in the following year did not show improvement (Table 4.5). The ABET
Committee is planning to address this problem in greater depth this summer by
first examining each of the assessment mechanisms. The mechanisms (exam
problem, lab report, etc.) were, in some cases, different each year. Additionally,
to assess every student, a combination of assessments from two courses was
employed. In some cases, the achievement was greater than 70% in one
course, but only 40% in another. Therefore, a review of the consistency of the
assessment process is first required. However, this does not mean that the data
are irrelevant. It is clear by the commonality of the criteria that are a problem and
from discussions with faculty that students are very limited in their abilities in this
area. One source of the problem was also identified in the Exit Interviews. In
the current curriculum, Statistics for Biomedical Engineers (BME 433) is taken in
the senior year. This course is invaluable for data analysis and comprehending
the significance of data. Additionally, the physiology lecture course (BIOL 430) is
most often taken in the senior year making it difficult for students to understand
physiologic relevance. Although there is a human biology course in the freshmen
year, this does not deal with physiologic systems. The possibility of moving
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these courses earlier in the curriculum will be under discussion at a department
faculty retreat in August 2008.

Table 4.5 Percent achievement of specific Performance Criteria

Year a(4) b(3) e(4) 1(3)
2006-2007 50% 50% 70% 47%
2007-2008 63% 32% 55% 45%

A second area of concern is the application of basic mathematics across
BME courses. This concern is often reported in the faculty course survey
comment section and is apparent in the direct assessment of the following
Performance Criteria

a: An ability to apply knowledge of mathematics, science, and engineering
to the solution of biomedical engineering problems

3. Solves equations
e: An ability to identify, formulate and solve engineering problems

4. Solves problem or completes experiment and evaluates solution

Table 4.6 Percent achievement of specific Performance Criteria

Year a(3) e(4)
2006-2007 50% 70%
2007-2008 28% 55%

Following the 2006-2007 and the 2007-2008 assessment cycles further evidence
of a weakness in the application of mathematics to biomedical engineering
problems was apparent. All faculty indicated that they spend some portion of
their courses reviewing basic mathematics concepts needed for the course. For
example, vector calculus for fluid mechanics, solution of differential equations for
nearly all courses. As noted above, the assessment mechanisms used will be
reviewed. In addition, it was proposed that each instructor prepare a list of
example math problems that are relevant to their courses and give these to
students at the beginning of each semester so they are made fully aware of the
math skills they may need to review or, in some cases, relearn. This will be
implemented in the 2008-2009 academic year. It should be noted that one
reason for a decrease in achievement from 06-07 to 07-08 is that, in general, the
07-08 students were generally weaker in all areas.

Actions to improve the program based on Alumni Surveys

To date, alumni surveys have been received from graduates from 2006 to 2007
(see Table 4.3 for response rates). These data are to be reviewed in August
2008 at a faculty retreat. However, the placement data and student responses to
the importance vs achievement of Program Outcomes will be presented here.
The placement data will also be compared to similar data obtained from the Exit
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Survey at the time of graduation in order to compare students’ goals/plans with

their placement 1 or 2 years post graduation.

Planned placement compared to actual placement

At the time of graduation, 30% of our students planned on attending medical
school, 34.6% on attending graduate school, and 13.5% planned to pursue
industrial positions. Subsequent placement data obtained from 2006 Alumni
Surveys shows a similar demographic for placement in medical school and
industry with a movement from “other” (21.2% down to 5.3%) to graduate school
(34.6% increases to 47.4%). Placement data for 2007 also shows a larger
percentage of placement in graduate school (60%), but retains a larger “other”
category (26.7%). Clearly, the placement is more stable (less in the “other”
category) for students two years out. Overall, however, the data suggest great
success for students entering graduate and medical school. The placement in

industry is still somewhat low

2006-2007 Senior Exit Profile

I:l Grad School

- Med School
|:| Industry -

Other
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Figure 4.8 Placement data from Alumni Survey for a) 2006 graduates and b) 2007

graduates.
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4.7.2.4.2 Alumni Ratings of Preparation vs. Importance of ABET
Criteria

Table 4.7 summarizes the responses of alumni to achievement and importance
of Program Outcomes. In all cases the responses average a value greater than
4 on a 5-point scale for importance. The responses for preparation are generally
above an average of 4. There are 3 outcomes with an average response slightly
below 4.The perception of preparation in design was slightly below 4 at 3.94
(outcome c); the knowledge of contemporary issues was at 3.68 (outcome j);
understanding of the societal and global impact of engineering (outcome h) was
at 3.65; an understanding of professional ethical responsibility (outcome f) was
3.81. As described in previous sections, these outcomes were flagged by other
sources of data including Exit Surveys and Student course surveys. Plans for
improvement in these areas were put in place with some improvement observed
from the 2006/07 to the 2007/08 academic year (see section 4.7.2); however, the
success of these changes will only be apparent in future alumni surveys.

4.8 Existing limitations and concerns

4.8.1 One-credit lab courses, enhanced capstone design, additional
core engineering courses

The originally established curriculum in 2002 devoted only 1 lab credit (3 hour
lab) to laboratory courses and 4 credits to capstone design. Stand-alone
laboratory courses are limited in that there is little time to present underlying
concepts prior to laboratory work. Additionally, the design course was not a
sufficient number of contact hours. In the past 6 years it has been possible to
add one lecture credit (1 hour per week) to the Instruments and Measurements
Lab (BME 315) and one additional credit to the first semester of design (BME
419). In the Fall of 2008 an additional lecture credit will be added to the
physiology lab (BME 405). This was possible only when additional credits were
obtained from two sources. Originally, there were 10 credits devoted to
freshmen biology with labs (2-3 credit lectures and 2-2 credit labs). The biology
labs were reduced to 1 credit each, leading to two open credits. Beyond this, the
department opted to remove general biology lecture (3 more credits gained) in
order to require a MATLAB course and a biomaterials course. We still wish to
add one credit to the Biofluids Lab (BME 320) that remains a stand-alone lab.
Finally, one more credit to capstone design for a total of 6 credits over the senior
year is highly desirable. However, we cannot achieve this without increasing the
total credit hours for the degree. With requirements of 131 to 133 total credit
hours, we are already considered somewhat on the high side. The T
requirement of 21 general education requirements in the humanities and social
sciences is common. However, IIT also requires 6 credits (2 courses) of
Interprofessional Project (IPRO) courses. These courses are project courses
that require enroliment of students from multiple majors. However, they are often
not engineering, math or science based and are considered part of the general
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education requirement, making the total general education requirement 27 credit
hours. There is a desire in many science and engineering departments to reduce
this requirement from 6 to 3 credits so that additional courses in the major can be
added to the curriculum. However, attempts to push this through the University
system have not been successful.

4.8.2 Multidisciplinary Teams

The BME department is aware that, although, team based work is common in our
department, and that it occurs across tracks, it is not truly multi-disciplinary.
There is a general belief that the Interprofessional Project courses fulfill this
requirement. However, we are concerned that the projects completed are not
necessarily engineering based. The Chemical and Biological Engineering
Department addressed this concern by basically merging their capstone design
with IPRO. That is, chemical engineering students are required to take an IPRO
that is run by their department. Discussions with administration have indicated to
the BME department that this merging is no longer an option and will not be
allowed. Secondly, teaching multiple sections of IPRO in our department would
require additional instructors. Therefore, the BME department supports a
different approach to this issue that enables team based work in courses across
engineering departments. For example, in sophomore level courses such as
Circuits or Static and Dynamics. However, this is not supported outside of the
department and BME does not have the manpower to open our courses to other
departments.

Table 4.7 Average responses of alumni to preparation vs importance of
Program Outcomes

Importance Preparation

Difference
Mean Stdev Mean Stdev | t-test | in Means

Program Outcome 1: An ability to apply

knowledge of mathematics, science, and
engineering to the solution of biomedical
engineering problems. 4.65 0.91 4.42 0.76 0.30 0.23

Program Outcome 2. An ability to design and
conduct experiments, as well as to analyze and

interpret data. 4.55 0.89 4.16 0.82 0.08 0.39

Program Outcome 3: An ability to design a
biomedical engineering system, component, or
process to meet desired needs within realistic
constraints such as economic, environmental,
social, political, ethical, health and safety,

manufacturability, and sustainability. 4.42 0.89 3.94 1.12 0.06 0.48
Program Outcome 4: An ability to function on

multi-disciplinary teams. 4.74 0.51 4.26 0.93 0.01 0.48
Program Outcome 5: An ability to identify,

formulate, and solve engineering problems. 4.40 0.81 4.30 0.88 0.35 0.10
Program Outcome 6: An understanding of

professional and ethical responsibility. 4.52 0.68 3.81 1.14 0.00 0.71

Program Outcome 7: An ability to communicate
effectively based upon analytical and critical

thinking skills. 4.90 0.30 4.45 0.68 0.00 0.45
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Program Outcome 8: The broad education
necessary to understand the impact of
engineering solutions in a global, economic,
environmental, and societal context.

4.10

0.98

3.65

1.05

0.08

0.45

Program Outcome 9: A recognition of the need for
and an ability to engage in life-long learning.

4.77

0.50

4.19

1.08

0.01

0.58

Program Outcome 10: A knowledge of
contemporary issues relevant to biomedical
engineering.

4.52

0.68

3.68

1.14

0.00

0.84

Program Outcome 11: An ability to use the
techniques, skills, and modern engineering tools
necessary for engineering practice.

4.32

0.91

4.03

0.84

0.20

0.29

Program Outcome 12: An understanding of
biology and physiology, and the capability to apply
advanced mathematics, science, and engineering
to solve the problems at the interface of
engineering and biology.

4.44

0.98

4.22

0.81

0.46

0.22

Program Outcome 13: The ability to make
measurements on and interpret data from living
systems, addressing the problems associated with
the interaction between living and non-living

materials and systems.

4.50

1.04

4.44

0.98

0.87

0.06
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requisite flow charts that show an overview of the curriculum (Figure 5.1), and each
track specific curriculum (Tables 5.4, 5.5, 5.6, 5.7, and 5.8). The required general
education courses are placed in the curriculum to fill out 16-18 credit hours per
semester over 8 semesters.

The BME curriculum comprises 104-106 total credits in math, science, and
engineering. There are 41 credits of core math and science plus an additional 6-7
credits of math and/or science specific to each Tracks. There are core BME
engineering credits for all students (24 credits), and one external (provided by other
engineering departments) engineering requirement for a total of 27 core engineering
credits. BME courses and external engineering requirements specific to each track
contribute an additional 27-29 credits of engineering for a total of 54-56 engineering
credits.

5.2.1 Core Mathematics, Science, and External Engineering Requirements

The BME curriculum requires 44 hours of coursework in mathematics, the sciences, and
engineering for all students.

Mathematics:
MATH 151 - Calculus | (5)
MATH 152 - Calculus Il (5)
MATH 252 - Differential Equations (4)
MATH 251 - Multivariate and Vector Calculus (4)

Science:
CHEM 124 - Principles of Chemistry | (4)
CHEM 125 - Principles of Chemistry Il (4)
BIOL 115 - Human Biology (3)
BIOL 117 - Experimental Biology (1)
PHYS 123 - General Physics | (4)
PHYS 221 - General Physics Il (4)
BIOL 430 - Animal Physiology (3)

Engineering:
ECE 211 - Circuit Analysis | (3)

5.2.2 BME Core Engineering Requirements

The BME Engineering requirement is divided into core classes and track-required
classes.

Core Engineering:
BME 100 - Introduction to the Profession (3)
BME 200 - Biomedical Engineering Applications of MATLAB (1)
BME 310 - Biomaterials (3)
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BME 330 - Analysis of Biosignals (3)

BME 315 - Instrumentation and Measurement Laboratory (2)
BME 320 - Biofluids Laboratory (1)

BME 405 - Physiology Laboratory (2)

BME 419 - Introduction to Design Concepts (2)

BME 420 - Design Concepts in BME (3)

BME 433 - BME Statistics (3)

BME 490 - Senior Seminar (1)

In addition to the above 24 credits of core BME classes, each track requires the
following engineering and science classes.

Cell and Tissue Engineering
Engineering (27 credits):
MMAE 200 - Introduction to Mechanics (3)
MS 201 - Material Science (3)
CHE 202 - Material and Energy Balances (3)
BME 301 - Biofluid Mechanics (3)
BME 335 - Thermodynamics (3)
BME 408 - Reaction Kinetics (3)
BME 482 - Mass Transport (3)
Two BME electives (6 credits total)

Science (7)
CHEM 237 - Organic Chemistry | (4)
CHEM 239 - Organic Chemistry Il (3)

Computer science (2 credits)
CS 105 - Introduction to Programming (2)

Neural Engineering

Engineering (29 credits):
ECE 212 - Analog and Digital Laboratory (1)
ECE 218 - Digital Systems (3)
ECE 213 - Circuit Analysis 1l (3)
ECE 214 - Analog and Digital Laboratory 11 (1)
BME 309 - Biomedical Imaging and Sensing (3)
BME 443 - Biomedical Electronics (3)
BME 445 - Quantitative Neural Function (3)
BME 438 - Neural Imaging (3)
Three BME electives (9 credits total)

Math or science (6/7 credits)
MATH 333 - Complex Variables and Linear Algebra (3) or CHEM 237 — Organic
Chemistry | (4)
Technical Elective or CHEM 239 - Organic Chemistry Il (3)
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Computer science (2 credits)
CS 115 - Object-Oriented Programming | (2)

Medical Imaging

Engineering (27 credits):
ECE 213 - Circuit Analysis 1 (3)
ECE 437 - Digital Signal Processing | (3)
ECE 481 - Image Processing (3)
BME 309 - Biomedical Image and Sensing (3)
BME 443 - Biomedical Electronics (3)
BME 445 - Quantitative Neural Function (3)
BME 438 - Neural Imaging (3)
Two BME Electives (6 credits total)

Math or science (6/7)
PHYS 224 - General Physics Il (3) or CHEM 237 - Organic Chemistry | (4)
MATH 333 - Complex Variables and Linear Algebra (3) or CHEM 237 - Organic
Chemistry 11 (3)

Computer science (4 credits)
CS 201 - Introduction to Computer Science (4)

5.2.3 General Education

lIT, and subsequently the BME curriculum, requires 21 hours (7 classes) of coursework
in general education comprised of 12 credits of humanities, 12 credits of social science
and an additional 3 credits in either area. There are an additional 6 credit hours of
coursework considered Interprofessional Projects 1 and 2 (IPRO 1 and IPRO 2). These
courses are team based courses that can be in any subject and require participation of
students from multiple majors on each project.

5.3 Preparation of Students for Engineering Practice

In addition to the basic math, science and engineering topics, preparation for
professional engineering practice requires competency in the following areas:

Oral and written communication
Ethical and Professional responsibility
Teamwork

Laboratory/hands-on experiences
Design

5.3.1 Oral and Written Communication
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Program Education Objective #3 states that our graduates will “possess the requisite
written and oral communication skills to interact with health care professionals,
engineers or scientists in industry, graduate or professional graduate programs.”
Therefore, extensive opportunities to learn written and oral communication skills are
integrated into BME courses. This integration allows our students to practice these
skills in the proper context of science, engineering, and medicine. The process begins
in BME 100, Introduction to the Profession for Biomedical Engineering majors taken in
the first semester of the freshman year.

This first course undergraduates complete in BME (BME 100) lays the
groundwork for the Program’s emphasis on written and oral communication skills. The
ITP course has been taught for the past 5 years by an engineering professor, Dr.
Connie Hall (Asst. Prof., BME) and a historian of science and engineering, Dr. Paul
Fagette (Historian in Residence and Senior Lecturer, BME). The unique combination of
a historian and an engineer has led to the development of a process by which the
students are introduced to the professional literature and taught to critically analyze
scientific/engineering journal articles and present the key concepts in focused two page
essays. Additionally, the students are introduced to laboratory exercises with required
written laboratory reports that are in the form of a scientific article. A tutorial with Excel
introduces students to basic numerical manipulation and graphics. There is also a final
project that the students prepare for over the last 6-7 weeks of the semester. The
students, having been introduced to MEDLINE and other journal databases, are given a
topic related to one of the three tracks (Cell and Tissue Engineering, Neural
Engineering, Medical Imaging) and are asked to find 3-5 peer-reviewed articles in order
to address the topic (e.g., the key issues related to biocompatibility of mechanical heart
valves). The students submit an individual written analysis and prepare a poster
presentation in teams of three for presentation to the entire BME faculty on the last day
of class. The team members have different aspects of the same topic so that they can
present a broader view in the poster component. Dr. Hall and Dr. Fagette have
reiterated the process of article analysis in junior level courses, such as BME 301.
Additional courses incorporate a significant component requiring analysis of
professional literature (BME 408, BME 309, BME 310, and BME 335 among others).

The junior level laboratory courses, BME 315 and BME 320, follow a consistent
writing and oral communication component. The students are required to write formal
laboratory reports in the style of peer-reviewed journal articles. BME 315 requires 5-6
reports that are submitted by teams of three. In BME 320, the students are transitioned
from group reports to individual reports. The initial instructors of BME 315 (Dr. Jennifer
Kang Derwent) and BME 320 (Dr. Connie Hall) developed consistent requirements that
enable the students to progress to the submission of individual lab reports at the end of
the junior year. In addition, BME 315 and BME 320 require the students to present their
work in oral presentations. Each laboratory team will give on average of 1-2 oral
presentations using PowerPoint during the semester. All of the laboratory courses
(BME 315, BME 320, and BME 405) require extensive laboratory notebook record-
keeping.
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In the senior design sequence (BME 419 and BME 420), teams of seniors
generate several written design documents including problem statements, executive
summaries, design specifications, risk analyses, intellectual property issues, economic
and financial models, and discussions of safety and ethical considerations. In addition,
teams participate in weekly meetings with the design faculty. Design teams orally
defend their design solutions in front of the faculty at the end of BME 419 and BME 420.

Lastly, all BME seniors are required to take BME 490, Senior Seminar. Students
attend a weekly series of seminars by professionals in and related to the biomedical
engineering field. Representatives from industry, academia, and the healthcare industry
will make presentations on research, translational development and research, clinical
problems, and aspects of biomedical engineering regarding ethics and the role of the
discipline in a broader economic/global context. Students write a one-page essay that
explains the essential points of the each presentation. The main focus of the course is
on life-long learning and a broader understanding of biomedical engineering.

5.3.2 Ethics and Professional Responsibility

Program Educational Objective #5 states that our graduates will “possess the sense of
responsibility and ethics of a professional engineer in industry, graduate or professional
graduate programs.” Therefore, ethics and professional responsibility are introduced in
BME 100, the first course students take as incoming freshmen. The students are
informed of the IIT Academic Code of Conduct and the Biomedical Engineering Society
Code of Ethics. Specific discussions are directed toward ethics in communication and
plagiarism during the introductory module on reading and analyzing a peer-reviewed
journal article. Also, freshman BME students are required to complete a 2 hour
certification process on Human Participant Protections Education by the National
Cancer Institute prior to their first laboratory:
http://cme.cancer.gov/clinicaltrials/learning/humanparticipant-protections.asp.

Additional instruction is provided in the laboratory courses as students’ laboratory
notebooks are monitored for complete record keeping and truthfulness in data collection
and presentation of results. There is also an emphasis on the strict use of peer-
reviewed literature for references and no acceptance of web sites. The application of
statistics in biomedical engineering presents ethical dilemmas arising from data
analysis.

The capstone design course sequence, BME 419 and BME 420, requires a
component on medical device safety and on the use of human and animal subjects in
research. In addition, at least one lecture is delivered on medical ethics and relevant
case studies. Students in BME 420 are asked to consider the ethical ramifications of
their proposed design solutions and to include appropriate ethical discussions in their
final team notebooks. An understanding of professional and ethical responsibility
(Program Outcome f) is assessed according to the Performance Criteria presented
under Criteria 3.
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