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Work in Progress: Embedded Ethical Inquiry and Reflection in a 

Biomedical Engineering Curriculum 
 

Introduction 

 

The field of biomedical engineering (BME) aims to improve medicine through design. Ample 

curricular resources guide instructors when helping students practice application of theory 

toward design; however, few content-rich, teaching resources exist for faculty to incorporate 

engineering ethics throughout a student’s BME undergraduate experience. BME programs 

continue to refine the implementation and assessment of ethics assignments, as the recent 2018 

ABET changes identify the ability to recognize ethical responsibilities as a necessary student 

outcome in the preparation of engineers that can make informed judgements [1]. Despite this, 

challenges of implementing engineering ethics in BME curricula still exist and can include 

difficulty in emulating ethical situations [2], ill-prepared or tentative instructors [2]-[3], 

peripheral or isolated ethics coursework [4]-[5], and varied engineering ethics education 

expectations. Prior to engaging in this work, our program used varied approaches on teaching 

ethics or ethical reasoning. After a curricular gap analysis, we decided that additional 

touchpoints covering BME-relevant ethical topics throughout our curriculum were warranted. 

This work in progress shares: 1) a method used by a biomedical engineering department to 

develop embedded ethical reflection throughout its curriculum and 2) thematic analysis results 

from embedded student reflection in an Introductory Biomechanics course. 

 

Curriculum Development and Research Methods  

 

Building Ethics Reflection in Biomedical Engineering: Using backward instructional design [6]-

[7], a programmatic student outcome on ethics guided development of student learning 

objectives (mapped to knowledge and cognitive learning dimensions). During a yearlong faculty 

learning community, five BME faculty that teach at different levels in our undergraduate 

curriculum collectively developed a programmatic outcome: Students will recognize their 

professional responsibilities and apply ethical inquiry when developing, refining, and 

communicating the solution to a biomedical engineering situation. This aided development of 

student learning objectives (Table 1), embedded assignments and reflections to assess. 
 

Table I: Mapping Ethics with Backward Instructional Design (LO = Learning Objective) 

Important for Students to Know or Do Topics Worth Being Familiar 

LO1: Recognize own values and morals 

LO2: Demonstrate ability to engage in discussion 

LO3: Demonstrate awareness of ethical and 

professional responsibilities in global, economic, 

environmental, and societal contexts 

LO4: Describe, apply, and document ethical inquiry 

LO5: Reflect on contemporary ethical issues in 

engineering design for biological and medical 

applications 

 Professional organizations and their codes of ethics 

 FDA regulations and medical device classifications 

 Specifics of confidentiality (e.g., HIPAA) 

 Animal research, living systems consequences 

 Human research/IRB/informed consent  

 Life cycle of medical devices  

 Stem cells, genetic modification, CRISP-R 

 Industrial decisions regarding drug discovery 

 Intercultural awareness 
 

A one-page curricular overview that outlines the Markkula Center for Applied Ethics framework 

for ethical reasoning was developed and presented to students in all courses (200-level to 400-



level courses) in fall 2019. This framework emphasizes the following steps: Recognize the 

Ethical Issue, Get the Facts, Evaluate Alternatives, Action, and Reflection [8].  Each ethics 

assignment was implemented in the class per the instructor’s assignment design. BME core 

courses chosen to include an ethics assignment included 200-level courses (Biomechanics and 

Biomeasurements), 300-level courses (Implantable Materials and Cell and Tissue Mechanics), 

and 400-level courses (Biofluid Mechanics and BME Capstone). Chosen courses added two or 

more student learning objectives. All courses included the student learning objective: Reflect on 

contemporary ethical issues in engineering design for biological and medical applications. Since 

many of our BME courses include active learning, the DEAL model for critical reflection helped 

instructors design a reflection strategy for each ethics assignment. The DEAL model involves 

Describing the experience objectively, Examining learning, and Articulating one’s own Learning 

[9]. The goal of integrating the DEAL model for critical reflection is to help students use 

reflection during the learning instead of only after learning.  

 

Ethics Reflection in an Introductory Biomechanics Course: Biomedical Engineering is a 

multidisciplinary field, but a focus on human health and disease is at the heart of the discipline. 

Connecting animal use in biomedical research to an Introductory Biomechanics course, a newly 

developed assignment specifically prompts students to participate in cognizant recognition of 

ethical knowledge and to use intentional reflection to improve their ethical reasoning. Within this 

course, BME students harvest animal tissue, learn proper tissue storage techniques, and 

mechanically test various tissues throughout the semester. Students (n = 37) enrolled in a 200-

level Introductory Biomechanics lecture and lab course participated in six assignment 

touchpoints (Figure 1).  
 

 
Figure 1: 200-level Introductory Biomechanics timeline showing course experiences and assignments 

(bottom) and points of data collection for thematic analysis (top). 
 

(1) The first touchpoint was a brief introduction to the ethics resources provided on the first day 

of class. (2) During the second week, students were required to submit pre-reflection questions 

(pre-reflection) and attend the annual user’s meeting for the Science Animal Resource Center 

(SARC). (3) Students participated in a tissue harvesting lab that was unchanged in comparison to 

past years. (4) After attending the SARC meeting and completing the laboratory, students 

watched an animal euthanasia video to complete ethics discussion prompts (ethics assignment). 

(5) An in-class discussion was facilitated by the course instructor for 40 minutes. (6) Finally, a 

short post-reflection question (post-reflection) was required. Completion points were awarded 

for each reflection. We applied thematic analysis on two artifacts: (1) the pre-reflection and (2) 

the ethics assignment. We inductively generated codes via a close review of student responses. 



Two authors collaborated to refine codes after reading the pre-reflections. Then, they 

independently coded data from student pre-reflections (week 2) and student ethics assignments 

(week 5). Thematic codes were iteratively compared to achieve agreement.  

 

Results and Discussion 
 

Generally, students were and remained engaged in the Introductory Biomechanics ethics 

assignment. The course instructor noted that 40 minutes of discussion time for this topic was not 

enough and is determining how to best accommodate a longer discussion on this topic as a class 

for the future. Five themes emerged from student reflections as defined in Figure 2. When 

considering ethical issues surrounding animal research, students identified examples in research 

design, animal treatment, human benefit, worth, and emotion. Before attending the SARC user 

meeting, watching the euthanasia video, and performing the tissue harvesting lab, student 

reflections included many comments on practical reflection themes (research design, treatment of 

animals, and benefit to humans); however, after the activities, student reflections identified more 

examples of worth and emotion (Figure 2) and less on practical reflection themes. 
 

 
 

Integrating ethics in engineering curricula is a challenge. By providing content-connected ethics 

assignments in BME fundamental courses, we aim to better equip our students with reflection 

methods that will help them recognize ethical issues related to the BME profession. Providing 

students with opportunities to critically reflect on topics linked in courses can also help faculty 

add context within a course as a program aims to develop professional biomedical engineers. As 

a student matriculates through our program, our goal is to monitor their ability to reason and 

reflect when presented with an ethical situation. The preliminary data presented for Introductory 

Biomechanics is the first step in this data collection; nonetheless, the data are encouraging and 

responses from students and the instructor have been positive.  
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