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Abstract—Undergraduate biomedical engineering (BME)
programs typically consist of courses from several different
academic departments combined with BME-specific courses
taught by faculty trained in a variety of disciplines. While
some students embrace this diversity in courses and disci-
plinary perspectives, many students struggle with how to
translate these experiences into career opportunities. BME
students are often concerned that they are perceived as a
‘‘jack of all trades, master of none.’’ In 2016, our department
sought to find new ways to integrate BME professional
practice into our curriculum. Informed by organizational
change theory, we asked: (1) is there potential for change; (2)
what strategies facilitate change; and (3) how can these
strategies be implemented? As a result, we developed an
Instructional Design Sequence, a new approach to instruc-
tion in which students, post docs, and faculty create short
Modules that use evidence-based teaching practices to expose
BME students to BME professional practice. This paper
describes how the Sequence was conceptualized and demon-
strates how theory can be used to inform practice. The
resultant Sequence is a transferrable model for transforming
engineering education, offering a mechanism for integrating
new career relevant curriculum into undergraduate curricu-
lum, while training future educators in instructional evi-
dence-based practices.

Keywords—Undergraduate education, Biomedical engineer-

ing, Organizational change, Professional formation.

INTRODUCTION

Biomedical engineering (BME) programs were first
established in the 1970s,7,23 born from recognition that
engineers need to help solve emerging biologically-

based problems that impact medical device design,
therapeutics, diagnostics, and basic discovery. In 2015,
CNN Money ranked BME as one of the top 50 jobs in
America with a 24% 10-year growth potential,6 and
the Bureau of Labor Statistics projects a 4% increase
in BME jobs by 2028.13 As of 2018, 117 ABET
accredited 4-year undergraduate programs existed in
the U.S.,7 close to a 58% increase since 2006.24

Despite the fact that economic indicators point to
continued growth in the field of BME for graduates
with 4-year degrees, BME students are reporting sig-
nificant challenges in competing for jobs and finding
post-undergraduate employment.5 Students report that
industry recruiters are not familiar with BME and tend
to opt for engineers with degrees from traditional
engineering fields that they can train in biology.
Graduates of 4-year BME programs frequently express
concern that their degree has set them up to be the
‘‘jacks of all trades, masters of none’’.5

BME programs are therefore in great need of
identifying strategies that promote professional for-
mation, the acquisition of knowledge, skills, social
practices, and discourse of biomedical engineers.34

Moreover, these strategies must be implemented in a
challenging environment in which technology and
stakeholder (e.g. industry, medical schools, regulatory
agencies) priorities are changing rapidly. In 2016, our
department sought to develop an instructional change
strategy that would promote professional formation in
early career BME students. To develop the strategy, we
explored three questions: (1) is there potential for
change; (2) what are the steps for change; and (3) how
can these steps be implemented? As a result of our
findings, the department created the BME Instruc-
tional Design Sequence. The purpose of this paper is to
describe how we used organizational change theory to
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inform the conceptualization of the Instructional De-
sign Sequence. The resultant Sequence is a trans-
ferrable model for transforming engineering education,
offering a mechanism for integrating new career rele-
vant curriculum into undergraduate curriculum, while
training future educators in instructional evidence-
based practices.

Background

Change is a significant undertaking for any orga-
nization and success is dependent on the alignment of
the strategy, theories, and the organization. Instruc-
tional change is even more complicated in higher
education. Effective change strategies must be ‘‘aligned
with or seek to change the beliefs of the individuals
involved; involve long-term interventions, lasting at
least one semester; require understanding a college or
university as a complex system and designing a strat-
egy that is compatible with this system’’.20

Evaluating the Potential for Change

Successful, sustainable change is unlikely if the
environment and its members do not see a need for
change. Kurt Lewin, theorized that group behavior is a
result of the interactions between the environment or
‘field’, group structures, and the individuals of the
group. He argued that social situations are a balance of
restraining and driving forces. Change ‘‘takes place
when an imbalance occurs between the sum of the
forces against change (Restraining Forces) and the
sum of the forces for change (Driving Forces)’’.29 In an
effort to operationalize this theory, Lewin created his
‘‘force field analysis.’’ Force field analysis is inves-
tigative and often used to diagnose a problem by
identifying ‘‘forces’’ that influence a problem by driv-
ing or impeding change. With a clear understanding of
the restraining forces, organizations can seek to
translate the restraining forces into goals to drive
change, thus promoting change (Fig. 1).

Strategies that Facilitate Change

For years, there have been national calls for engi-
neering education reform,1,30,31,37 seeking to both in-
fuse more real world experiences into engineering
education31 and the adoption of more evidence-based
practices in instruction.32 Nonetheless, change has
been slow, particularly with respect to the adoption of
evidence-based practices for instruction.10,35 Recog-
nizing that the change process is complex, researchers
studied STEM instructional change to develop a lit-
erature base of instructional change efforts to inform
future practice.9,10,20 Their research showed that

change agents need to consider a diversity of perspec-
tives for robust change.10 A review of 191 STEM
instructional change papers identified four categories
of instructional change strategies (Fig. 2)20: (1) Dis-
seminating curriculum and pedagogy; (2) Developing
reflective teachers; (3) Enacting policy; and 4) Devel-
oping shared vision. According to the model, change
impacts individuals or the environment and is either
determined in advance (prescribed) or emerges during
the change process (emergent).20 The review found that
top-down management and disseminating best practice
materials in isolation are ineffective change strate-
gies.20 Given the complexity of educational environ-
ments, Henderson et al. suggested that effective,
change strategies should span more than one category,
facilitating both prescribed and emergent change.

Prescriptive change is defined as change that is
planned.10 For example, efforts that seek to improve
engineering teaching and learning using research based
instructional practices, may prescribe specific inter-
ventions or pedagogical approaches.8 Nonetheless,
prescriptive change is not sufficient for sustainable
change.20 Such change should also emerge through the
change process itself.20 But how is emergent change
managed in academics, a complex organization of
individuals producing knowledge? Change strategies
need to consider the human dimension4 and institu-
tional culture.25 Problems arise when institutional
culture clashes with proposed changes.25 ‘‘Policies that
seek uniformity and deter individualized solutions are
not likely to be effective in promoting change’’.25

Complexity Leadership Theory (CLT) is a leader-
ship framework that recognizes both authority and the
network of humans within an organization.38 CLT
accounts for how different individuals in an organi-
zation interact and play a role in outcomes that are
adaptable and innovative for today’s knowledge era.
Typical leadership theory is grounded in bureaucratic
frameworks more appropriate for the technical prob-
lems of the industrial age rather than adaptive chal-
lenges that are more typical of the knowledge era.38 In
contrast, CLT ‘‘recognizes that leadership is too
complex to be described as only the act of an indi-
vidual or individuals; rather, it is a complex interplay
of many interacting forces’’.38 According to CLT,
leadership in the knowledge era should be: (1)
administrative, (2) enabling and (3) adaptive. Admin-
istrative roles are the more familiar bureaucratic roles
in organizations, where individuals are formally tasked
with planning, vision setting, and managing people.
Enabling leadership refers to structures that enable
creative problem solving, adaptability and learning;
and adaptive leadership refers to generating a dynamic
that is responsive to the resultant emergent changes.

BIOMEDICAL
ENGINEERING 
SOCIETY

HUANG-SAAD et al.882



While there are no definitive rules on how to bring
about emergent change based on CLT, there are
practical guidelines for administrative leadership.15,26

A commonly used administrative practice for bringing
about emergent organizational change in business is
Kotter’s Eight Stage Process for Successful Organiza-
tional Transformation.26 By observing over 100 orga-
nizations trying to implement change, Kotter identified
eight fundamental errors organization encounter
through the process. Based on these observations,
Kotter defined eight practical stages for organizational
change: (1) Establish a Sense of Urgency; (2) Form a
Powerful Guiding Coalition; (3) Create a Vision; (4)
Communicate the Vision, (5) Empower Others to Act
on the Vision; (6) Plan for and Create Short-Term
Wins; (7) Consolidate Improvements and Produce Still
More Change; and (8) Institutionalize New Ap-
proaches.

METHODS

Context

Like most BME departments, the University of
Michigan (U-M) BME Department is highly interdis-
ciplinary. The undergraduate program was formed in
1996 with less than 10 faculty. In 2010, the program
officially partnered with the U-M Medical School and

launched efforts to grow to 35 core-faculty by 2020. As
of Fall 2016, the 28-core faculty were spread across 3
different campuses: the medical school, engineering,
and the north campus research complex. Ninety five
percent (95%) of the core faculty had bachelor’s de-
grees from non-BME departments and 50% hold non-
BME doctorates. The interdisciplinary nature of the
faculty is not unique, given the nascence of BME
education and the inherent multidisciplinary nature of
the field itself. While the faculty come from a diverse
range of backgrounds, they are responsible for col-
laborating on the delivery a core undergraduate cur-
riculum for BME students.

Information Gathering

During the Fall of 2016, information was collected
from department stakeholders (students, alumni,
industry partners, and faculty) in the form of surveys
and focus groups. The faculty and alumni surveys were
distributed electronically. The purpose of the surveys
was to explore faculty and alumni perspectives on
teaching and learning in the department. Focus groups
were also held with current departmental undergrad-
uates and the department’s Industry Advisory Board.

BME Faculty Survey

The faculty survey was adapted from previously
published surveys on advising interactions with
undergraduates, engagement with curriculum, percep-
tions of teaching, views on engineering education,
educational beliefs and attitudes, organizational cul-
ture with respect to teaching, perceptions of biomedi-
cal engineering, and demographics.9,27,33

BME Alumni Survey

The alumni survey was also adapted from previ-
ously published surveys9,27,33 and specifically explored
student departmental engagement, career intentions,
perception of impact of educational experience, and
formative assessment for curriculum feedback.

Focus Groups

Focus groups were held to obtain feedback from
current BME undergraduates. Focus groups were
facilitated by undergraduate upperclassman volun-
teers. All facilitators were provided with a series of
open-ended questions that related to learning more
about students’ decisions to pursue BME as a major,
student perceptions of future goals, perceptions of the
BME community, and perceptions of current curricu-
lum.

FIGURE 1. Visualization of Lewin’s field theory: force field
analysis.

FIGURE 2. Henderson et al.’s20 four categories of
instructional change strategies.

BIOMEDICAL
ENGINEERING 
SOCIETY

A Model for Developing BME Professional Practice Curriculum 883



Industry Focus Group

The department has an Industry Advisory Board
that meets annually to offer guidance and insight to the
department. Members of the committee were asked
what they look for in BME graduates when consider-
ing them for employment.

Force Field Analysis

Information collected during the Fall of 2016 was
used to perform a force field analysis to determine if
there was the potential for instructional change.28

Driving forces for change were categorized with re-
spect to stakeholder, students, faculty, and industry
partners.

Designing for Instructional Change

Based on the results from the force field analysis and
guided by Complexity Leadership Theory and Kotter’s
Eight Stage Process for Organizational Transforma-
tion, we systematically worked with members of the
department to implement an instructional change
strategy that spanned all four categories of Henderson
et al.’s instructional change strategies. The resultant
Instructional Design Sequence seeks to increase stu-
dent exposure to BME professional practice and use of
evidence-based instructional practice into the depart-
ment.

RESULTS

Information Gathering Results

Faculty

Twenty-six of the 28 core BME faculty responded to
the survey. Over 50% of the faculty indicated that they
would like to change the curriculum. Seventy-three
percent (73%) of the faculty indicated that they do not
make changes to their teaching because they lack time.
Feedback from the new hires indicated that they would
like to have had departmental mentorship for their first
few years of teaching. When BME faculty were asked
‘‘why do students enroll in BME,’’ there was no shared
understanding of student motivation. Overall, there
was a desire for more community across the depart-
ment.

Alumni

Six hundred sixty-four (664) alumni that graduated
from the department between 2006 and 2016 were
surveyed about their U-M BME experience, career
intentions, and perceptions of teaching from the

department. One hundred twenty-three (123) alumni
responded to the survey (18.5% response rate) sent to
their alumni email addresses. The 18.5% response rate
was considered a good response rate given the limited
number of alumni who are still actively using their
alumni accounts.

While close to 40% of the students had originally
intended to pursue a medical degree after college, only
26% enrolled in medical school. Conversely, while
17% of the respondents intended to enter industry
when they declared BME as a major, 45% were in
industry or government positions after graduation.
Eighty-five percent (85%) of respondents indicated
that the lectures were the most prominent method of
teaching when they were in the BME department, yet
only 39% felt lectures were impactful for their learning
experience. In contrast, 64% indicated that hands-on
learning had the most impact on their learning, yet
they only experienced hands-on learning for 5% of
their learning experience. When asked what classes
impacted their current careers, the top three classes
were upper level classes: senior design, quantitative
physiology and bioinstrumentation. Both senior design
and bioinstrumentation are hands-on, problem-based
learning classes. When asked for suggestions to im-
prove the curriculum, the most prominent request was
for more career guidance and assistance in synthesizing
the curriculum across the many disparate courses they
were required to pursue for their degrees. (Example
quote: ‘‘It was hard to tell how classes related.’’)

Students

Current student focus groups revealed that students
were often not taking BME centered courses until their
junior year. This was largely due to the large number
of pre-requisites required by the degree. Students
would like to have greater exposure to BME course-
work earlier to learn more about the degree and career
opportunities. Students also indicated that there was
little cross-fertilization between classes. Students asked
for more faculty interaction, exposure to faculty
research, and hands-on learning experiences.

Industry Advisory Board

During the 2016 Industry Advisory Board meeting,
the board was specifically asked what they looked for
when considering hiring BME graduates. The Industry
Advisory Board consisted of director level and C-suite
individuals from the healthcare industry (imaging,
cardiovascular, pulmonary, and devices). The compa-
nies they represented included public, fortune 500
companies and smaller privately held companies.
While the Board felt that there had been significant
educational advances with regard to needs finding,
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they indicated that they would like to see more systems
engineering training, awareness of the regulatory pro-
cess (FDA design control/Risk management), and de-
sign for reliability and manufacturability.

Force Field Analysis

Results from the surveys and focus groups were
used to populate a force field analysis29 for determin-
ing the likelihood of departmental change. Table 1
shows driving and restraining forces based on the data
collected. Delineation of the restraining forces helped
identify potential challenges for change, many of which
had the potential to be reduced. This, in addition to the
apparent imbalance of driving forces versus restraining
forces, suggested that the department was ready for
change,14 specifically instructional change. Thus, the
driving and restraining forces were used to inform the
resultant change strategy, as efforts were made to
strengthen the driving forces and decrease the
restraining forces.29

Designing for Instructional Change Through the Lens
of Theory

Based on the force field results and guided by
Complexity Leadership Theory and Kotter’s Eight
Stage Process for Organizational Transformation, an
instructional change strategy for the department was
developed to increase student exposure to BME pro-
fessional practice and use of evidence-based instruc-
tional practice into the department, the Instructional
Design Sequence (Fig. 3).

Lewin’s Force Field Informed Change

The first step in developing the change strategy was
to reduce the restraining forces, which were largely
challenges faced by faculty. Specifically, faculty lack of
exposure to evidence-based teaching practices and
incentive to change practice. While it is commonly
agreed upon that higher education teaching needs to
change, change has not been widely embraced.35 This
slow adoption may result from lack of awareness of
active learning effectiveness, a lack of trust of the data,
or overall resistance to change.18 Instructor survey
results were consistent with the literature. Research
also indicates that faculty will often teach the way in
which they were taught,2,11 which is why most faculty
revert to traditional lecture-based practice. In an effort
to reduce these restraining forces, an Incubator for
faculty to develop new curriculum was conceptualized.
Each year, select faculty could dedicate one semester to
developing new curricular Modules for first and second
year BME students while learning about evidence-

based teaching practices. The focus on first and second
year BME students also addressed students’ desire for
more active learning classes and a better understanding
of what BME is. Participation in the Incubator would
count towards the faculty’s teaching responsibility for
the semester, allowing the faculty to prioritize cur-
riculum development.

Driving forces were also used to inform the change
strategy. Upon conception, the goal of the Incubator
was to teach faculty about evidence-based practices
using problem-based learning, which itself is an evi-
dence-based practice. Because students and faculty
surveys indicated the need for more community and
students wanted more engagement with faculty, it was
decided to offer the Incubator as a credit-bearing
course and include undergraduates as co-creators.
Undergraduates are not only the most familiar with
the curriculum and current needs of BME students, but
students as co-creators of teaching approaches and
course design has been shown to beneficial in higher
education.12 As a result, graduate students and post
docs were also included in the Incubator. While
graduate students and post docs were not a part of the
initial surveys, there were several reasons to include
them in the Incubator. First, BME undergraduates,
graduate students, and post docs are important mem-
bers of the community and their personal experiences
with curriculum and pedagogy have much to con-
tribute to curriculum development. Additionally, there
is extensive literature that confirms the need to provide
graduate students and post docs, future faculty mem-
bers, with training in evidence-based teaching practices
for long term impact on higher education.17,36

The curriculum for the Incubator was also informed
by the force field analysis. The Incubator Course
would be developed and taught by an engineering
education faculty member using active learning. Incu-
bator teams would learn about education theory and
pedagogy while going through an instructional design
process to create 1 credit, 4-week BME-in-Practice
Modules. Module topics would be dependent on
information gathered from BME stakeholders, indi-
viduals that employee undergraduate BME students.
All Incubator participants would be required to par-
ticipate in the interview process.

Finally, to ensure that undergraduates would ben-
efit from the newly created curriculum, the Incubator
was expanded into a two-semester sequence. The two-
semester sequence would allow the multigenerational
teams of undergraduates, graduate students, post docs,
and faculty, first develop Modules in the Incubator
and then launch the Modules the following semester.
As a result, the Instructional Design Sequence was
conceived. Specific examples of how the driving forces
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were incorporated into the design of the Sequence are
presented in Table 2.

Facilitating Change

Two change strategies, Kotter’s and CLT, were used
to facilitate departmental change while conscientiously
using tactics that span the Henderson et al.’s20 entire

change space for comprehensive, sustainable change.
Kotter’s 8-stage Model25,26 was used as a form of
prescriptive change and Complexity Leadership The-
ory was used to engage instructors in creating a shared
vision.

The Department spent six months working towards
change before the launch of the Incubator Design Se-
quence. Spawned by growth in new faculty, the addi-

TABLE 1. Lewin’s force field analysis to change for U-M BME.

DRIVING FORCES

Students want:
More active learning in BME
A synthesis of disparate courses
A better understanding of what BME is
More career guidance 
More interaction with faculty

Faculty want:
Deeper student understanding of the 

material 
A stronger U-M BME community 
To be exposed to effective teaching 

practices [New faculty]
A teaching community

Industry wants:
Students able to handle open-ended 

problems
To resolve disconnect between 

academia and post-graduation employer 
needs
Other factors:

Student graduates feel as if they are the 
“jacks of all trades, masters of none,” 
making them feel as if their job search is 
more difficult

Faculty and students want more 
community within a geographically 
dispersed department 

Anticipated faculty growth of 30% 
Current faculty turnover offers 

opportunity for cultural change
Climate survey of faculty and staff 

suggests desire for cultural change
National push for cultivating 21st century 

skills and use of evidence-based 
practices in higher education

U-M model of embedding engineering 
education faculty in discipline 
departments

Institutional/Departmental goal to 
increase faculty teaching scores

RESTRAINING FORCES

The perception that historical modes of 
instruction were effective, and hence reform 
is unnecessary

Most engineering faculty are trained to be 
researchers, not teachers

Most faculty rewards are for research, 
making it counter-productive to invest time in 
teaching 

Lack of disadvantages for ineffective 
instruction

Autonomy among faculty with respect to 
scholarly activity, including teaching

Lack of training opportunities in STEM 
education for college faculty

Perception that entry-level courses are 
less rigorous, so faculty devote less 
attention to them 

Entry-level courses are commonly not 
directly related to faculty research

We rely on faculty self-selecting 
instructional assistance 

Faculty have different teaching 
requirements based on their appointments

Some faculty do not believe in evidence-
based teaching practices

●
●
●
●
●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

BIOMEDICAL
ENGINEERING 
SOCIETY

HUANG-SAAD et al.886



tion of an education researcher to the core faculty, and
student feedback, efforts were made to examine
approaches for instructional change. Facilitated by
potential funding prospects, a sense of urgency was

created within the department (Stage 1). Recognizing
that no one individual can create change, the instructor
and alumni surveys, climate surveys, student focus
groups (Stage 2: Creating the guiding coalition), and

TABLE 2. Examples of how driving forces and the literature were used to create actionable solutions.

Problem Actionable Solution

Undergraduate students

Students want more hands-on experiences specific to BME

early in their academic careers

Create hands-on modules for 1st and 2nd year students

Students often do not understand what BME is—they want

career guidance

Offer classes that expose students to skills necessary for post graduate BME

opportunities and help them get internships earlier in their career

Students want more 1:1 interaction with graduate students

and faculty

Create venue for students to interact with faculty and graduate students with

purpose

Students want a sense of community Create a venue for students, faculty, and graduate students to work in small

groups

Students want to be able to give input to their curriculum Include students in curriculum reform

Graduate students

Graduate students interested in teaching want exposure to

effective teaching practices

Provide a venue for students to learn about effective teaching practices

Faculty

New faculty would like more support when they start teaching Have new faculty participate in a supportive environment that informs them

about effective teaching practices

Faculty prefer teaching communities, faculty feel isolated

when teaching

Create faculty teaching communities

Research faculty do not know about BME student post

graduate opportunities

Have faculty learn about post graduate opportunities by interviewing BME

stakeholders

Curriculum

Curriculum is not traditionally adaptive to the changing needs

of BME in practice

Create mechanism for classes to come online and offline when irrelevant

Interdisciplinary nature of faculty makes it challenging to

create a sense of belonging for students and faculty

Create a venue where faculty can come together and co-create curriculum

Faculty have limited time to create new classes Share the burden of course creation across the department

Pr
es

cr
ib

ed
 F

in
al

 C
on

di
�o

n 

Em
er

ge
nt

 F
in

al
 C

on
di

�o
n 

Focus on Changing Individuals 

Focus on Changing Environment/Structures 

K8: Educating faculty about results of information 
gathering  

K8: Modules developed and taught by faculty-
mentored graduate student teams. 

K8: Communicating transition to faculty via faculty 
meetings and email updates. 

K8: Incoming faculty participate in Instructional Incubator 
to learn about teaching and receive support 

K8: Instructional Incubator developed by department 
leadership based on needs survey 

K8: Needs identified through student focus groups, 
alumni/industry/faculty surveys 

K8: Departmental support for faculty participation in 
instructional discovery process 

CLT: Educating faculty about student learning in 
Instructional Incubator 

CLT: Encouraging reflective practices in the 
Instructional Incubator 

CLT: Instructional Incubator as space for faculty to 
engage to develop new instructional strategies 

CLT: Instructional Incubator brings in 
undergraduates, graduate students, post docs, 
faculty, staff and industry to conceptualize new 

teaching practices   

CLT: Embed discipline-specific engineering education 
faculty in the department 

CLT: Departmental commitment to creation of Instructional 
Incubator 

FIGURE 3. Implementation of Kotter’s 8-stage model (K8) and Complexity Leadership Theory (CLT).
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faculty meetings were used to develop a change vision
(Stage 3). The vision was created, iterated upon and
communicated for buy-in (Stage 4) through frequent
email updates of progress and monthly meetings with
faculty throughout the term. As a result of these
meetings, the department agreed to empower broad-
based action (Stage 5) through the Incubator Design
Sequence.

Without faculty buy-in and motivation, initiatives
will fail. Acknowledging this culture, emergent change
was facilitated through the Instructional Design Se-
quence. In this case, interdisciplinary instructional
change was catalyzed by bringing faculty together to
pursue a common goal to change instruction.

While the creation of the Instructional Incubator
itself was prescriptive, it did not dictate the resulting
BME-in-Practice Module curriculum, leaving that to
be emergent. Importantly, the Incubator addressed
barriers to instructional change, and acknowledged the
time needed for curriculum development using effective
learning practices, and was created to acculturate a
new departmental norm. The deliberate creation of
truly integrative team teaching also leveraged the value
of team taught courses for collaborative knowledge
construction.3,19,28 Team taught courses were defined
as conception and delivery by a team, as opposed to
asynchronous teaching where each faculty member
delivers content in isolation of the other content in the
course.

The long-term commitment of the department to the
Incubator and its use of iterative design created an
opportunity for continued emergent change shared by
all of the department stakeholders. Figure 3 shows the
tactics used, and how elements of both Kotter’s model
(K, blue boxes) and Complexity Leadership Theory

(CLT, green boxes) span across all of Henderson’s
change categories, to ensure effective change.

The BME Instructional Design Sequence

The resultant Instructional Design Sequence is a
two-semester course sequence, including an Incubator
(Fall) and resultant BME-in-Practice Modules (Win-
ter) (Fig. 4). In the Fall semester, upper level BME
undergraduates and graduate students enroll in the
Incubator course for credit to work with post docs,
and faculty in creating the BME-in-Practice Modules.
The Incubator undergraduates, graduate students, post
docs, and faculty are referred to as participants
throughout the rest of the paper. The course meets two
times per week for 1 hour and 20 minutes. As a part of
the Incubator course, participants are tasked with
interviewing BME stakeholders and early career BME
students to identify the important skills and knowledge
required of BME graduates (Instructional Discovery)
and learning about instructional evidence-based prac-
tice. Based on their Instructional Discovery process
and understanding of instructional evidence-based
practices, participants work together as teams to create
1-credit BME-in-Practice Modules designed for early
career BME students. The format of this instructional
design project is similar to that of senior design cour-
ses, where student teams have course time to work on
their design project and seek mentorship from faculty.
Incubator participants are then given the opportunity
to teach their Modules during the Winter term while
mentored by BME faculty.

Each year Incubator teams have the option to iter-
ate on Modules created the year before or create novel
courses based on what they learned during their

FIGURE 4. Visualization of instructional design sequence.
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Instructional Discovery process. This mechanism of-
fers a dynamic approach to curriculum development
that consistently integrates current best professional
practices, allowing for the creation of new curriculum
or iterative enhancement of previous offerings.

The Incubator was piloted for the first time in Fall
2017 by the first author and iterated upon in 2018. To
date, 36 individuals have participated in the Incubator,
seven BME-in-Practice Modules were offered to stu-
dents, and 50 unique students enrolled in the BME-in-
Practice Modules. Of the 36 Incubator participants,
there were 27 graduate students, three 4th year stu-
dents, three post docs, and three BME faculty mem-
bers. A School of Education graduate student also
participated as a graduate student instructor in the first
year. As a part of the Instructional Discovery process,
participants interviewed sophomore-level undergradu-
ate students and BME stakeholders, reviewed BME
experiential courses at other universities, and observed
classes. Students drew on these findings to develop
their 1-credit Modules.

Over the first 2 years of implementation, students
created nine 1-credit BME-in-Practice Modules to
meet the needs of BME undergraduates and BME
stakeholders (Table 3). Student teams publicly pre-
sented their course teaching philosophies and designs
to department faculty at the end of the term. Two
Modules developed in 2018 were iterations of Modules
developed in 2017, Introduction to Medical Product
Design and Introduction to Tissue Engineering. Seven
of the nine Modules were offered by the post doc/
student teams during the 2017 and 2018 Winter terms
(three in 2017, four in 2018). Students were able to use
Module enrollment towards their concentration
requirements. Two teams were not able to launch their
Modules because of scheduling conflicts. One of the
2017 teams opted to launch their Module in the Winter
of 2019. While the Modules were initially intended for
first and second year BME students, students from all
levels enrolled (first year through graduate student).22

DISCUSSION

The creation of the Instructional Design Sequence
was motivated by the need to address the disconnect
between student perceptions of their BME education
and preparation for professional practice. We system-
atically explored the current state of the department
using organizational change theory to unpack the
problem to be solved and create a solution. This work
demonstrates how theory can be used to inform prac-
tice in academics. The resultant solution, the Instruc-
tional Design Sequence, has the potential to become a
novel, transferrable mechanism for bringing together
interdisciplinary faculty and creating a shared vision of
interdisciplinary instruction and a professional identity
for an interdisciplinary department.22

Academic institutions are complex environments.20

Unlike in business, academic units have less of an
ability to influence change with traditional incentives
or disincentives, such as financial incentives, top down
leadership, or threat of termination. Change must
consider individual motivations and examine ways to
influence behavioral change. Recognizing that change
is reliant on the behavior of individuals in the
department and a dynamic balance of forces, Lewin’s
force field analysis was used to explore the balance of
forces in 2016. Lewin states that ‘‘change takes place
when an imbalance occurs between the sum of the
forces against change (Restraining Forces) and the
sum of the forces for change (Driving Forces)’’ and the
change strategy is dependent on the ability to reduce
the restraining forces to strengthen the driving forces.
Interview and survey results indicated that the imbal-
ance of forces was most significant with respect to
instruction. By identifying instructional restraining
forces, it was possible to conceptualize a solution to
reduce the restraining forces, thus, creating an imbal-
ance of forces and enacting change.14 While this is not
a purely quantitative analysis, it offers a strategy for

TABLE 3. BME-in-practice modules.

AY2017–18 AY2018–19

Introduction to Medical Product Design Iteration and Validation Introduction to Medical Product Designa

Building a Tumor, an Introduction to Tissue Engineering Engineering the Cellular Microenvironment: An Introduction to

Tissue Engineeringa

Introduction to Neural Engineering and Modeling Wrangling with Regulations: Introduction to Regulatory Science

Computational Cell Signaling: Roadmap to Drug Developmentb,c

Design ‘‘Crash’’ Course: Computer-Aided Design, Rapid Prototyping,

and Failure Analysisb

Biomechanical Design and Rapid Prototypingb

aIterated courses from previous year.
bNot offered because of scheduling conflicts with the teaching team.
cOffered in Winter 2019.
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identifying potential barriers to change and provides
organizations guidance in how to promot change.

Henderson et al.’s Four Quadrant Categorization of
Instructional Change indicates that successful change
should employ prescriptive and emergent tactics that
impact individuals and the department. Kotter’s Eight
Stage Process for Organizational Transformation was
used to guide administrative emergent change, priori-
tizing the change process. The department systemati-
cally worked together to conceptualize an instructional
change model, which resulted in the Instructional De-
sign Sequence. Responding to the results from the
interviews, focus groups and surveys and student
concerns of being a ‘‘jack of all trades, master of
none,’’ the department was able to create a shared
model to integrate professional practice and evidence-
based teaching practices into the curriculum at all le-
vels, undergraduates, graduate students, post docs, and
faculty. The department sought to create a culture in
which interdisciplinary faculty and their students and
post docs are empowered to work together to create
curriculum responsive to the rapidly changing profes-
sional environment.

The annual offering of the sequence enables multi-
generational groups of students, post docs, and faculty
the opportunity to act on the vision in ways in which
they saw fit. As suggested by Complexity Leadership
Theory, in a complex environment, individuals need to
be enabled to make their own change and it must be
adaptive. Each year, new faculty joining the depart-
ment are introduced to the department by participating
in the Instructional Design Sequence as their first
teaching assignment. This allows new faculty to get to
know the students and learn about the current cur-
riculum, the changing needs of professional practice,
and student learning theory. Each year, new Incubator
participants have the ability to either iterate on previ-
ous Modules created or create new Modules.

The Incubator also seeks to bring about emergent
change in individual faculty by addressing barriers to
instructional change. While higher education faculty
agree that higher education teaching needs to change,
change has not been widely embraced.18 This slow
adoption may result from faculty lack of awareness of
active learning effectiveness, a lack of trust of the data
or overall resistance to change.18 In an attempt to
address these challenges, most institutions have created
centers for teaching and learning on their campuses to
support instructors,16 bridging the gap between theory
and practice. While these organizations have been
impactful, they are still dependent on faculty self-se-
lecting into these resource opportunities and do not
address fundamental situational constraints identified
by Henderson and Dancy including: expectations of

content coverage, lack of instructor time, departmental
norms and expectation of course content.21

The Incubator was created to acknowledge the time
needed for developing curriculum and effective learn-
ing practices, and was designed to acculturate a new
departmental norm that values evidence-based teach-
ing practices and incorporating BME professional
practice into curriculum. The course is also taught
using the active learning pedagogical approaches that
have been shown to be more effective at engaging
students. Research indicates that faculty tend to teach
the way in which the way they were taught2,11 and
there are instructor belief barriers9 to new approaches
that support student learning. Thus, exposure to this
teaching practice attempts to address these challenges
to transform teaching in higher education. The delib-
erate creation of truly integrative team teaching also
leverages the value of team taught courses for collab-
orative knowledge construction.3,19,28 We define team
taught courses as conception and delivery by a team,
as opposed to asynchronous teaching where each fac-
ulty member delivers content in isolation of the other
content in the course.

CONCLUSION

In this paper, we described how we used organiza-
tional change theory to inform the conceptualization
of an approach to instructional change in a BME
department. The resultant Instructional Design Se-
quence offers departments a mechanism for integrating
new career relevant curriculum into undergraduate
curriculum, while training future educators in instruc-
tional evidence-based practices.

ELECTRONIC SUPPLEMENTARY MATERIAL

The online version of this article (https://doi.org/10.
1007/s10439-019-02427-6) contains supplementary
material, which is available to authorized users.

ACKNOWLEDGMENTS

The authors would like to thank Charles Henderson
and Julie Libarkin for their thoughtful feedback in the
process of strategizing how to approach instructional
change. The authors would also like to thank Jaqueline
Handley for her contributions to the initial imple-
mentation of the Incubator. The Instructional Design
Sequence is now funded by NSF-EEC-1825669. Fi-
nally, the authors would like to thank the BME com-

BIOMEDICAL
ENGINEERING 
SOCIETY

HUANG-SAAD et al.890

https://doi.org/10.1007/s10439-019-02427-6
https://doi.org/10.1007/s10439-019-02427-6


munity, students, faculty, alumni and advisors for
engaging in the process of identifying a change strat-
egy.

ACCESSING MATERIALS

The BME Incubator course materials are available on
the TEEL website: teel.bme.umich.edu.

REFERENCES

1American Society for Engineering Education. Transform-
ing Undergraduate Education in Engineering. Washington:
American Society for Engineering Education, 2013.
2Anderson, W. A., U. Banerjee, C. L. Drennan, S. C. R.
Elgin, I. R. Epstein, J. Handelsman, G. F. Hatfull, R.
Losick, D. K. O’Dowd, B. M. Olivera, S. A. Strobel, G. C.
Walker, and I. M. Warner. Changing the culture of science
education at research universities. Science 331:152–153,
2011.
3Anderson, R. S., and B. W. Speck. Oh what a difference a
team makes. Teach. Teach. Educ. 14:671–686, 1998.
4Aune, B. P. The human dimension of organizational
change. Rev. High. Educ. 18:149–173, 1995.
5Berglund, J. The real world: BME graduates reflect on
whether universities are providing adequate preparation
for a career in industry. IEEE Pulse 2015. https://doi.org/
10.1016/b978-0-12-386001-9.00004-0.
6Biomedical Engineer. 2016. https://money.cnn.com/galler
y/pf/2015/01/27/best-jobs-2015/37.html.
7Biomedical Engineering Bachelor’s Program Search. 2018.
https://www.abet.org.
8Borrego, M., S. Cutler, M. Prince, C. Henderson, and J. E.
Froyd. Fidelity of implementation of research-based
instructional strategies (RBIS) in engineering science
courses. J. Eng. Educ. 102:394–425, 2013.
9Borrego, M., J. Froyd, C. Henderson, S. Cutler, and M.
Prince. Influence of engineering instructors’ teaching and
learning beliefs on pedagogies in engineering science
courses. Int. J. Eng. Educ. 29:34–58, 2013.

10Borrego, M., and C. Henderson. Increasing the use of
evidence-based teaching in STEM higher education: a
comparison of eight change strategies. J. Eng. Educ.
103:220–252, 2014.

11Bouwma-Gearhart, J. Science faculty improving teaching
practice: identifying needs and finding meaningful profes-
sional development. Int. J. Teach. Learn. High. Educ.
24:180–188, 2012.

12Bovill, C., A. Cook-Sather, and P. Felten. Students as co-
creators of teaching approaches, course design, and cur-
ricula: Implications for academic developers. Int. J. Acad.
Dev. 16:133–145, 2011.

13Bureau of Labor and Statistics. U.S. Bureau of Labor
Statistics Biomedical Engineers. 2019. https://www.bls.gov/
ooh/architecture-and-engineering/print/biomedical-enginee
rs.htm.

14Burke, W. W. Organization change: theory and practice.
Found. Organ. Sci. 2:335, 2008.

15By, T. R. Organisational change management: A critical
review. J. Chang. Manag. 5:369–380, 2005.

16Finelli, C. J., S. R. Daly, and K. M. Richardson. Bridging
the research-to-practice gap: designing an institutional
change plan using local evidence. J. Eng. Educ. 103:331–
361, 2014.

17Goodwin, E. C., J. N. Cao, M. Fletcher, J. L. Flaiban, and
E. E. Shortlidge. Catching the wave: are biology graduate
students on board with evidence-based teaching? CBE Life
Sci. Educ. 17:1–13, 2018.

18Handelsman, J., D. Ebert-may, R. Beichner, P. Bruns, A.
Chang, R. Dehaan, J. Gentile, S. Lauffer, J. Stewart, S. M.
Tilghman, B. William, J. Handelsman, D. Ebert-may, R.
Beichner, P. Bruns, A. Chang, R. Dehaan, J. Gentile, S.
Lauffer, J. Stewart, S. M. Tilghman, and W. B. Wood.
Scientific teaching. Science 304:521–522, 2010.

19Harris, T. R. Recent advances and directions in biomedical
engineering education. IEEE Eng. Med. Bio. 22:30–31,
2003.

20Henderson, C., A. Beach, and N. Finkelstein. Facilitating
change in undergraduate STEM instructional practices: an
analytic review of the literature. J. Res. Sci. Teach. 48:952–
984, 2011.

21Henderson, C., and M. H. Dancy. Increasing the impact
and diffusion of STEM education innovations. New Or-
leans: Center for the Advancement of Engineering Educa-
tion Forum, Impact and Diffusion of Transformative
Engineering Education Innovations, 2011.

22Huang-Saad, A., and E. Springer. Transforming biomedi-
cal engineering education through instructional design. Int.
J. Eng. Educ. 24:17–24, 1976.

23Jendrucko, R. J. The evolution of undergraduate biomed-
ical engineering education and the professional opportu-
nities for program graduates. Ann. Biomed. Eng. 24:17–24,
1976.

24Katona, P. G. Biomedical engineering and the whitaker
foundation: a thirty-year partnership. Ann. Biomed. Eng.
34:904–916, 2006.

25Kezar, A. J., and P. D. Eckel. The effect of institutional
culture on change strategies in higher education: Universal
principles or culturally responsive concepts? J. Higher
Educ. 73:435–460, 2002.

26Kotter, J. P. Leading change. Cambridge: Harvard Bus.
Sch. Press, 1996.

27Lattuca, L. R., and P. T. Terenzini. Center for the Study of
Higher Education Preparing the Engineer of 2020 Faculty
Survey. 2014. https://deepblue.lib.umich.edu/bitstream/ha
ndle/2027.42/107459/E2020FacultySurvey.pdf?sequence=
3&isAllowed=y.

28Leavitt, M. Team-teaching: the benefits and challenges.
Speak. Teach. 16:1–4, 2006.

29Lewin, K. Force field analysis. Annu. Handb. Gr. Facil.
7:111–113, 1946.

30National Academy of Engineering. Educating the Engineer
of 2020: Adapting Engineering Education to the New
Century. Washington, D.C.: National Academy Press,
2005.

31National Academy of Engineering. Infusing Real World
Experiences into Engineering Education. Washington,
D.C.: National Academy Press, pp. 1–26, 2012.

32National Academy of Engineering. Educating Engineers:
Preparing 21st Century Leaders in the Context of New
Modes of Learning. Washington D.C.: The National
Academies Press, 2013. https://doi.org/10.17226/18254.

33OECD. Teaching Practices, Teachers’ Beliefs and Atti-
tudes. In: Creating Effective Teaching and Learning Envi-
ronments: First Results from TALIS. Paris: Organization

BIOMEDICAL
ENGINEERING 
SOCIETY

A Model for Developing BME Professional Practice Curriculum 891

https://teel.bme.umich.edu
https://doi.org/10.1016/b978-0-12-386001-9.00004-0
https://doi.org/10.1016/b978-0-12-386001-9.00004-0
https://money.cnn.com/gallery/pf/2015/01/27/best-jobs-2015/37.html
https://money.cnn.com/gallery/pf/2015/01/27/best-jobs-2015/37.html
https://www.abet.org
https://www.bls.gov/ooh/architecture-and-engineering/print/biomedical-engineers.htm
https://www.bls.gov/ooh/architecture-and-engineering/print/biomedical-engineers.htm
https://www.bls.gov/ooh/architecture-and-engineering/print/biomedical-engineers.htm
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/107459/E2020FacultySurvey.pdf?sequence=3&isAllowed=y
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/107459/E2020FacultySurvey.pdf?sequence=3&isAllowed=y
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/107459/E2020FacultySurvey.pdf?sequence=3&isAllowed=y
https://doi.org/10.17226/18254


for Economic Co-Operation and Development, pp. 87–135,
2009.

34Reid, A., L. O. Dahlgren, P. Petocz, and M. A. Dahlgren.
Identity and engagement for professional formation. Stud.
Higher Educ. 2008. https://doi.org/10.1080/0307507080245
7108.

35Stain, M., et al. Anatomy of STEM teaching in North
American universities. Science 359:1468–1470, 2018.

36Tanner, K., and D. Allen. Approaches to biology teaching
and learning: on integrating pedagogical training into the
graduate experiences of future science faculty. CBE Life
Sci. Educ. 5:1–6, 2006.

37The Royal Academy of Engineering. Educating Engineers
for the 21st Century. London: The Royal Academy of
Engineering, 2007.

38Uhl-Bien, M., R. Marion, and B. McKelvey. Complexity
leadership theory: shifting leadership from the industrial
age to the knowledge era. Leadersh. Q. 18:298–318, 2007.

Publisher’s Note Springer Nature remains neutral with re-
gard to jurisdictional claims in published maps and institu-

tional affiliations.

BIOMEDICAL
ENGINEERING 
SOCIETY

HUANG-SAAD et al.892

https://doi.org/10.1080/03075070802457108
https://doi.org/10.1080/03075070802457108

	Developing a Model for Integrating Professional Practice and Evidence-Based Teaching Practices into BME Curriculum
	Abstract
	Introduction
	Background
	Evaluating the Potential for Change
	Strategies that Facilitate Change


	Methods
	Context
	Information Gathering
	BME Faculty Survey
	BME Alumni Survey
	Focus Groups

	Force Field Analysis
	Designing for Instructional Change

	Results
	Information Gathering Results
	Faculty
	Alumni
	Students
	Industry Advisory Board

	Force Field Analysis
	Designing for Instructional Change Through the Lens of Theory
	Lewin’s Force Field Informed Change
	Facilitating Change

	The BME Instructional Design Sequence

	Discussion
	Conclusion
	Acknowledgements
	Acknowledgements
	References




