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Introducing Bioengineering to Non-Majors: An Active Learning Model for 

Interdisciplinary STEM Engagement 
 

Abstract 

 

Bioengineering is a multidisciplinary field that applies engineering principles to address 

challenges in medicine and human health. Bioengineering is relevant to multiple 

majors, specialties, and student interests. An introductory course for honors students outside the 

bioengineering major at a large, public institution provides an appreciation of the field’s 

interdisciplinary nature. The course exposes students to topics such as medical imaging, 

biomaterials, nanotechnology, medical device design, and neural engineering, and insights into 

campus research facilities and potential career paths. Unlike traditional lecture-based 

introductory courses, this course experimented with a mix of lecture and active learning classes 

intentionally designed to promote active engagement, connect students with campus resources, 

and foster collaboration reflective of bioengineering’s integrative character on our campus and 

beyond. This paper sets out to understand the value of the active learning components of the 

course. We used the soft robotics module within the course as a case study to understand the 

value of active learning in this course. Students provided qualitative and quantitative feedback 

throughout the course regarding their familiarity with the fields and their perceived applicability 

to their majors and intention to stay engaged with the field. This paper describes the perceptions 

of students across our campus who enrolled in this introductory bioengineering course. We 

examined students’ understanding of (and confidence in) topics and concepts, feedback on the 

course’s active learning modules, their interest in STEM careers, and their discernment of its 

relationship to their majors and academic experiences. This course and its outcomes may inform 

future iterations of this introduction to bioengineering course, outreach events, and 

multidisciplinary collaborations across campus. 

 

Introduction 

Bioengineering is a discipline that brings together many engineering and science specialties to 

address challenges in nature and human health [1]. Many disciplines, and therefore 

undergraduate majors, also apply their technical skills to healthcare without direct training in 

bioengineering. Because of this, there is strong student interest in bioengineering on our campus, 

which has even led to the creation of new undergraduate programs that combine Bioengineering 

with other disciplines such as Computer Science + Bioengineering (CS + BIOE program at 

University of Illinois Urbana-Champaign). The Campus Honors Program (CHP) at the 

University of Illinois Urbana-Champaign provides a select group of students with the 

opportunity to take small, collaborative courses in a range of departments outside of their majors. 

In these courses, students are exposed to and engage with “compelling social, environmental, 

economic, philosophical, scientific, historical, and/or cultural questions” in a variety of fields to 

provide educational breadth and perspective (https://honors.illinois.edu/). In the semester in 

which this course was offered, for example, fields represented included anthropology, 

architecture, gender studies, classics, creative writing, molecular biology, food science and 

nutrition, horticulture, linguistics, psychology, systems engineering, and theater. Moreover, a 

variety of co-curricular activities, including campus facility tours, meetings with government and 
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local representatives and administrators, travel courses, 

and exploration across the campus and local 

community are available to students in this program. 

This particular course, called Introduction to 

Bioengineering (BIOE 199), provided honors students 

with the opportunity to experience application of 

bioengineering in lectures, hands-on activities, and 

laboratory tours (Figure 1). The course objectives 

stated that students should gain an (a) overview of 

various sub-fields of Bioengineering; (b) appreciation 

for its interdisciplinary nature; (c) introduction to 

relevant research facilities; and (d) basic understanding 

of the wide range of career opportunities.  

 

The challenges in offering these types of survey 

courses is in rotating instructors, maintaining 

consistency in content, and sourcing experts to cover 

each topic. We hypothesize that the active learning 

aspects of this course (tours, hands-on activities, 

projects) enhance the students’ experiences. However, 

given the resource intensity of active learning, we 

sought to gather evidence of the benefit of active 

learning in this course. In this paper, we will detail a case study of a soft robotics module in 

BIOE 199 to understand how active learning may enhance student motivation toward 

bioengineering. 

 

Soft Robotics is a subfield of robotics that prioritizes use of low modulus materials to increase 

safety and comfort for human-robot interactions [2]. With applications in physical therapy [3], 

agriculture [4], and manufacturing [5], this bioinspired field is attractive to students in majors 

across campus. With this in mind, we adapted a soft robotics module to meet BIOE 199’s course 

objectives as stated above. We delivered the module and collected feedback from students to 

understand the perceived relevance of soft robotics to their learning, majors, and future careers. 

 

Theoretical Framework 

In developing this course, we aimed to understand non-major 

motivations to explore bioengineering as well as the 

importance of active learning to support that motivation. To 

frame our understanding of this implementation, we used Self-

Determination Theory (SDT), a theory of motivation. SDT is a 

framework proposing that human motivation is grounded in 

three inherent psychological needs: autonomy, competence, 

and relatedness. When met, these factors result in innate 

motivation and related behaviors [6]. Autonomy is the feeling 

of control over your own choices. Competence is the belief in 

your ability to succeed with knowledge. Relatedness is a sense 

of connection with a topic through others [7]. In engineering 

Figure 1. BIOE 199 active learning 

course activities. 

Figure 2. Self Determination 

Theory Factors within the 

context of active learning. 
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education, the SDT framework has been used to explore how course organization and learning 

activities motivate students. In large courses, relatedness was most significant for students. In 

this context, researchers highlight the desire for social connection among engineering students 

[8]. In project-based engineering learning environments, biomedical engineering students 

showed increases in autonomous motivations and changes in situational motivation as a result of 

a social impact project [9]. Building on this, we aimed to understand how a survey course like 

BIOE 199, can influence non-major student motivations toward bioengineering themes. 

 

Our goal of providing a meaningful educational introduction of bioengineering to non-major 

students, and the application of the SDT framework to the BIOE 199 course, led us to develop 

our research question (RQ): How and in what ways does an active learning soft robotics module 

in a survey course influence non-major students’ autonomy, relatedness, and competence toward 

bioengineering themes? We hypothesize that an active learning module can support student 

motivation for learning, course engagement, and intention to incorporate bioengineering thinking 

in home majors and careers. We aim to use evidence collected to plan future iterations of this 

course and justify resources necessary to facilitate active learning. To answer this research 

question, we analyze quantitative and qualitative feedback from students through the lens of SDT 

(autonomy, relatedness, and competence). Later in the paper, we contrast results from the soft 

robotics module with a lecture-only module and propose future efforts that may enhance 

motivations for study in this course context. 

 

Methods 

Participants and Context 

In the Spring 2025 semester, 15 students from the Campus Honors Program enrolled in BIOE 

199. The makeup of the students in the course was 33% freshmen, 40% sophomores, and 27% 

juniors, with a range of majors and minors (Table 1).  

 

Table 1: Demographics of Students in the Course, with (number of students).  

College Majors and *Minors 

Liberal Arts & Sciences ▪ Biology (1) 

▪ Mathematics (1) 

▪ Statistics (1) 

▪ Computer Science & Economics (1) 

▪ Computer Science & 

Statistics (2) 

▪ Neuroscience (1) 

▪ *Data Science (1) 

Engineering ▪ Computer Science 

▪ Computer Engineering (2) 

▪ *Physics (1) 

Agricultural, Consumer 

& Environmental 

Sciences 

▪ Agricultural Leadership, Education, 

and Communication (1) 

▪ Undeclared (1) 

Applied Health Sciences ▪ Kinesiology (1) 

Information Sciences ▪ Information Sciences (1) 

Business ▪ Finance (1) 

▪ *Business (1) 

▪ *Technology & 

Management (1) 

Fine & Applied Arts ▪ Studio Art (1) 

 

Throughout the semester-long course, students were introduced to a variety of sub-disciplines in 

the field with the goal of adapting the course in real time to address student motivations for 
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joining. A representative list of topics and modes of teaching and learning are included in Table 

2. Each theme was 1 to 2 weeks long. Lectures were provided by the instructor, while guest 

speakers ranged from on-campus faculty, industry professionals, and collaborators from other 

institutions. Group-based hands-on learning activities helped students experiment with the topics 

[10], [11]. Students also had opportunities to ideate on how they might apply their expertise 

(competence) and major course work (relatedness) to this field. For example, students drew 

concept maps (Figure 1) that not only connected sub-fields of bioengineering but also related the 

field to their own majors (autonomy). 

 

Table 2: A subset of representative course topics with modes of teaching and learning. Bolded 

topics are described in this paper. 

Theme Representative Topics Type 

Cellular Genetics Introduction to cells Lecture 

DNA model & extraction Hands-On 

Gene editing Lecture 

Medical Devices 

  

  

  

  

Medical equipment evaluation Guest Speaker/Activity 

Regulatory & safety Guest Speaker/Activity 

Bioinstrumentation Guest Speaker 

Designing MedTech solutions in industry Guest Speaker 

Developing clinical devices in academia Guest Speaker 

Visit to Medical Simulation Center Tour 

Bio-

nanotechnology 

Point-of care (PoC) diagnostics Guest Speaker 

Microfluidic systems Guest Speaker/Activity 

Research & Data 

  

Library resources Guest Speaker 

Visit to on-campus Research Institute Tour 

Neural Engineering Introduction to 3D neural cultures Guest Speaker 

Engineering ‘mini brains’ Lecture 

Biomechanics & 

Robotics 

Introduction to soft robotics Guest Speaker 

Soft robotics activity Hands-On 

Biological machines and ethics Lecture/Activity 

Biomechanics of the body Lecture/Activity 

Mechanical building challenge Hands-On 

Prosthetics & bionics Guest Speaker 

Cancer Advancing personalized medicine Guest Speaker 

Tissue Engineering Major milestones in tissue engineering Lecture/Activity 

Experiment Mass transport & fluid flow Lecture 

Soil porosity and flow Hands-On 

Bioengineering 

Design 

Brainstorming & ideation Activity 

3D Prototyping Guest Speaker/Activity 

Design and prototyping Guest Speaker 

Research showcase Activity 
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Data Collection and Analysis 

Students were surveyed to provide their feedback on the modules and its perceived applicability 

to their majors and future careers (autonomy, relatedness, and competence). To analyze the data 

(n = 15 students), we conducted simple statistical analysis on quantitative data and deductive 

thematic analysis on qualitative data using theory-driven coding. A pre-survey open response 

question (“What is a soft robot?”) was analyzed for word frequency. We first tokenized 

responses to single words, normalized the data set, removed stop words (e.g., a, of, that), and 

created a word frequency list. Likert scale questions were analyzed by descriptive statistics 

(means ± standard deviations). Post-survey open response questions were analyzed by deductive 

thematic analysis using theory-driven coding for the SDT factors (autonomy, competence, and 

relatedness) to understand if qualitative data shows evidence of supporting factors that lead to 

motivation in this course. This project was reviewed and approved by the University of Illinois 

IRB (26-0178). 

 

Soft Robotics Module 

The Soft Robotics module was presented in Week 7 of the course. Students completed pre-

reading and a pre-survey before class. On the first day of the module, students heard a guest 

lecture from a faculty member in Bioengineering who teaches and conducts research in this area. 

On the second day, students visited the teaching lab for the department’s soft robotics course. 

During this visit, they built and tested a soft actuator (Figure 3). Finally, students reflected on 

the activities in post-module assignments. 

 

Soft Robotics Assigned Pre-Reading 

In preparation for the Soft Robotics lecture, students were asked to read “Biomedical 

Applications of Soft Robotics” [12], specifically sections on: 

● Medical Devices (Soft robotic devices for surgery, Soft materials for drug delivery) 

● Rehabilitation and Assistance (Wearable soft robotics, Other soft assistive robotics) 

● Soft Robotics Mimicking the Human Body (Prostheses, Artificial organs, Soft robots as 

body-part simulators) 

 

In preparation for the hands-on activity, students were asked to review the following sections 

linked from the Soft Robotics Toolkit [13]: Pneumatic Artificial Muscles: Design, Fabrication, 

Modeling, Testing, and Case Studies. 

 

Lecture Introducing Soft Robotics  

The module started with a guest lecture that presents students with an overview of the field of 

soft robotics. Knowing that students came from majors in colleges across campus, the lecture 

was designed to be broad and show applications of soft robotics in many fields, with a focus on 

technologies developed on our campus. The following topics were discussed: 

● Nature’s actuators (example: bilayer structure of pinecones) [14] 

● A historical overview of soft actuator development: the 1950s McKibbens muscle, 1990s 

flexible microactuators, and 2010s pneumatic network actuators (pneunets) [15] 

● Development of pneumatic actuators from 2010s to current day [16] 

● Research development of pneumatic actuators for task trainers [17] 

● Research development of fiber reinforced actuators for agricultural applications [18] 

● Research development of hydrogel actuators in surgical tools [19] 

https://softroboticstoolkit.com/book/pneumatic-artificial-muscles
https://softroboticstoolkit.com/book/pam-design
https://softroboticstoolkit.com/book/pam-fabrication
https://softroboticstoolkit.com/book/pam-modeling
https://softroboticstoolkit.com/book/pam-testing
https://softroboticstoolkit.com/book/pam-case-study
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● Commercial development of soft actuators for manufacturing [20] and of wearable soft 

robots [21] 

 

Hands-on Build: McKibbens muscle 

Next, we brought students to a teaching laboratory to build a soft actuator (Figure 3). The 

McKibbens muscle activity was chosen for two reasons: first, the materials are simple and cost 

effective; second, the activity typically takes ~25-30 minutes, allowing time for introduction, 

building, imaging, and cleaning up without rush in a 50-minute class period. Most silicone-based 

projects would be too involved for this brief interaction. The McKibbens muscle build is ideal 

because it was also highlighted in the Introductory lecture (first example in 1950s with and 

exosuit integration in 2017 [22], and more recent agricultural applications [23], and whole body 

canine models [24].  

 

 
Figure 3. (a) Photo of McKibbens muscle actuator made by a student. (b) Photo created by a 

student showing pneumatic actuation and demonstrating best practices of data visualization. 

 

Survey Design 

To understand the value of this activity for students in the course, we designed a survey to gather 

information about their perceptions of the field and its applicability to their majors. The related 

SDT factor is labeled on applicable questions.  

 

Pre-module survey questions [with related SDT dimension]: 

1. Based on what you know now, what is a soft robot? Please define without using the terms 

"soft" or "robot." [competence] 

2. How applicable are soft robots to your major/intended career? (Likert scale) [relatedness] 

3. Based on your answer to Q2, how (or why not) do you think they are applicable or not? 

[relatedness] 

 

Post-module survey questions [related SDT dimension]: 

4. We talked a lot about soft robots and their many forms and functions this week. Has your 

viewpoint of the field of soft robotics changed at all since last week? (yes, somewhat, no) 

[competence] 

5. Based on our discussion this week, how applicable are soft robots to your major/intended 

career? (very applicable, somewhat applicable, not applicable, not sure) [relatedness] 

6. How likely are you to keep up with new advances in soft robotics if you see them in the 

news since learning about them this week? (I would never, not likely, somewhat likely, 

very likely) [autonomy] 

7. Can you describe an application of soft robotics relevant to your field that is inspired by 

our discussion this week? [relatedness] 
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8. Is there anything else you want us to know? 

 

Results 

Incoming Motivations for BIOE 199 

Students had various motivations for enrolling in the Bioengineering Experience CHP course. 

Many expressed interest in engaging in the field when given the chance, despite having no prior 

experience (Table 3). 

 

Table 3: Students’ Motivations for Enrolling in BIOE 199. 

SDT Dimension Why Did You Decide to Take this Class? 

Autonomy ▪ “I find BIOE fascinating. I don’t know much about it, but I’m excited 

to learn more!” 

▪ “I’m excited to try hands-on activities.” 

▪ “I love how CHP allows you to take classes that are very different 

from your field of study!” 

Competence ▪ “I have learned quite a bit about biology, but I have no idea what goes 

on in BIOE.” 

▪ “I’m interested in a [BIOE] minor or major.” 

▪ “This sounded like an interesting introduction to a topic that I was in 

[not] familiar with.” 

Relatedness ▪ “I’m considering a career in bioinformatics.” 

▪ “I’m curious how BIOE can intersect with Computer Science.” 

 

Understanding of Soft Robotics (Pre-Survey) 

Results show that the soft robotics module changed student perceptions about its applicability to 

their careers. Students (mainly first and second year university undergraduates) came into the 

module with a reasonable understanding of what soft robotics is, by definition (pre-survey Q1) 

(Figure 4). 

 

 
Figure 4. Word cloud of student definitions of soft robotics (pre-survey Q1) [competence]. 

 

Students were asked, “Based on what you know now, what is a soft robot? Please define without 

using the terms “soft” or “robot.””  7 of 12 students confidently and correctly identified a core 

principle of soft robotics. With the most common words being “flexible” along with “malleable” 

and “non-rigid,” students accurately identified the importance of low modulus materials in soft 

robotics. Of the remaining students, three were openly unsure on the topic, with one noting “I do 

not know much about soft robots” and “I’m guessing they are technology/machines made out of 

materials that are not as hard as typical machines.” This shows a basic intuitive understanding of 
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soft robotics that could be ascertained by those with no familiarity in the subject. Another student 

offered, “I have no idea; a machine made of organic materials,” which reinforces the idea that the 

field was generally understood as organic materials are an important concept in soft robotics. 

 

Soft Robotics Relatedness to Major and Intended Career 

Despite this general understanding, in pre-survey responses, students did not perceive high value 

or relation to their own careers (Figure 5). 

 

 
Figure 5. Student responses to the pre-survey question, “How applicable are soft robots to your 

major/intended career?”. Student responses to the post-survey question, “Based on our 

discussion this week, how applicable are soft robots to your major/intended career?” 

 

Quantitative results show interest varies by major. 41.7 % (5 students) said “Somewhat 

applicable.” Of these, two were Computer Engineering majors, and the other three represented 

Information Sciences, Mathematics, and Animal Science. 33.3 % (4 students) answered “Not 

sure.” This group included one Computer Science major, one Statistics major, one Agricultural 

Leadership, Education & Communications major, and one Kinesiology major. 16.7 % (2 

students) felt it was “Very applicable.” Those two were majors in Molecular & Cellular Biology 

and Neuroscience, respectively. 8.3 % (1 student majoring in CS + Statistics) indicated “Not 

applicable.” 

 

Students of varying majors demonstrated novel familiarity with soft robotics by applying the 

field to their future careers. A notable response by a student interested in law stated, “There are 

ethical concerns about the implementation of soft robotics, particularly in the workplace,” which 

draws attention to the use of soft robotic assistive technologies in physically demanding 

workplaces. The student followed with an excellent application of soft robotics to their future 

career: “It’s not hard to imagine labor disputes over requiring soft robotic technology to be 

worn.” This shows that beyond engineering and technical work, soft robotics is subject to a 

multidisciplinary approach that expands to ethics and law. 

 

Another student majoring in Molecular and Cellular Biology applied a more technical approach 

to soft robotics and their future career: “I plan on pursuing orthopedics, so I could see lots of 

rehab uses for soft robotics.” This student draws upon the great potential of soft robotics in 

rehabilitation technology and treatment, as compliant and gentle robots are perfect candidates for 
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delicate injuries and bodily fragility. Both students, among others, show evidence of a more 

abstract understanding of soft robotics due to this lesson module. Students were able to 

accurately apply soft robotics to their possible future careers. 

 

Only 1 of the 14 students remained unsure of their future career’s ties to soft robotics. The 

Statistics major stated, “I'm not totally sure about what the main connections would be between 

soft robotics and statistics.” Nevertheless, the student was still able to generalize a possible 

connection and stated, “but there is likely data analysis involved in analyzing any results 

collected by the soft robotics.” Even in the most uncertain students, the intuitive nature of soft 

robotics still allows relatively strong connections to applications in future careers. 

 

Feedback on Active Learning 

At the end of the semester, students provided open response feedback in response to questions 

including, “What are the major strengths of the course?” and “What do you suggest to improve 

the course?” In their responses, students highlighted their appreciation for active learning and 

also provided feedback that aligns with SDT factors (Table 4). 

 

Table 4. Open-ended feedback on the BIOE 199 course. 

Quote Active Learning or 

SDT Factor 

Strength: “It was more project-oriented to teach materials rather than 

lectures.” 

Active Learning 

Strength: “I liked touring all of the different labs and buildings.” Active Learning 

Strength: “Very open to discussion” Autonomy 

Strength: “Its open-endedness. None of us are bioengineering majors 

and this aspect of the class allowed us to explore our own interests 

in the field, as well as how it connects back to our own interests 

outside of bioengineering” 

Autonomy 

Improvement: “More hands-on activities” Active Learning 

Improvement: “More hands-on experiments like the strawberry 

DNA extraction” 

Active Learning 

Improvement: “I would start the design project earlier. I think 

starting the project earlier is better, as it would allow for teams to 

iterate on their designs multiple times.” 

Active Learning and 

Autonomy 

 

Overall Course Feedback 

The first offering of BIOE 199 allowed non-majors to access the breadth of the field without 

overwhelming depth, instead focusing on real-world applications and familiar biomedical 

technologies through a variety of modalities. General feedback on the course is shown in Table 5 

below. Overall, students agreed with the statement “This course increased my interest in the 

subject matter” with a 4.38 score (on a 1-5 scale) at the end of the semester. When asked to rank 

themselves (on a 1-7 scale) if they “fit right into BIOE 199” (1) or “felt pretty out of place in 

BIOE 199” (7), students responded with an average score of 2.5. 
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Table 5: End-of-semester student feedback on scales of 1 to 5. 

 Mean Std. Dev. 

General 

Rate the overall quality of this course. [Exceptionally Low ... 

Exceptionally High] 
4 0.5 

How much have you learned in this course? [Very Little ... A Great 

Deal] (competence) 
3.56 1.3 

The scope of this course was: [Too Broad ... Too Narrow] 3.0 1.1 

This course increased my interest in the subject matter. [Strongly 

Disagree ... Strongly Agree] 
4.4 0.7 

The amount of technical information was appropriate. [Strongly 

Disagree ... Strongly Agree] 
4.1 0.9 

The level of difficulty of the course material was appropriate for me. 

[Strongly Disagree ... Strongly Agree] 
4.0 0.8 

Did this course improve your understanding of concepts and principles 

in this field? [No, Not Much ... Yes, Significantly] (competence) 
4.25 0.7 

Course content was explained clearly. [Almost Never ... Almost 

Always] 
4.1 0.6 

Teaching and Learning Modalities 

The instructor provided a diversity of material, techniques, and 

content. [Strongly Disagree ... Strongly Agree] (active learning) 
4.6 0.7 

In-class learning activities stimulated critical thinking about course 

material. [Strongly Disagree ... Strongly Agree] (active learning) 
4.22 0.7 

How useful were out-of-class assignments for learning course content? 

[Not Useful At All ... Extremely Useful] 
3.9 0.8 

Field trips and tours were valuable learning experiences. [Strongly 

Disagree ... Strongly Agree] (active learning) 
4.5 0.9 

 

Discussion 

During the BIOE 199 course and after analysis of student feedback, we observed evidence of 

increasing student motivation for studying bioengineering (Figure 6). This was observed through 

feedback relating the SDT factors to [25] increasing perceptions of major/career relevance 

(relatedness, Figure 5), active learning and open-ended nature of the course (autonomy, Table 

4), and increased understanding of bioengineering concepts (competence, Table 5). We also 

observed high student interest in active learning. Not surprisingly, incorporation of active 

learning supports factors associated with student motivation (autonomy, competence, 

relatedness), as this has been previously reported in literature [26]. This earlier work promotes 

“student-centered” design of courses in higher education as a theory-informed practice for 
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supporting student motivation. When students were asked if they planned to keep up with soft 

robotics news after the class, 100% indicated they were “somewhat likely” to (3 out of 4 on 

Likert scale) (autonomy). The autonomy dimension of the SDT framework was most pronounced 

in the qualitative feedback received. 

Students were enthusiastic about the open-

ended assignment, possibly due to the 

course structure being pre-planned and not 

providing many opportunities for choice 

within the course, aside from the final 

project (not discussed in this paper). 

Relations to major and career were the 

strongest dimensions displayed by 

students, as expected based on the structure 

of the course and the pre-course survey 

(Table 2).  

 

Altogether, our findings provide evidence 

that students not only enjoyed active 

learning in the BIOE 199 Introduction to 

Bioengineering course, but also that this 

course increased motivations for further 

bioengineering exploration. The field of bioengineering benefits from multidisciplinary 

perspectives [27]. Additionally, students benefit from training in diverse teams for future 

leadership in multidisciplinary projects [28]. Therefore, if students gain motivation to stay up to 

date with a field tangental to their own, as non-majors in BIOE 199, they may identify 

oppportunities for multidisciplinary projects and to apply their skills in more areas in the future.  

 

The goal of this study was to collect evidence to support the implementation of active learning in 

this course, given the time, resource, and instructor constraints present in typical first-year or 

survey courses. Literature supports the continuous engagement in active learning as a way to 

develop competence in engineering skills [29]. Studied in the context of self-efficacy, the 

development of compentence is a critical factor for motivation also. The two constructs have 

been used together previously [30]. Therefore, addition of active learning modules throughout 

the BIOE 199 course may support student competence development in bioengineering. This can 

reinforce the benefits desribed above in helping non-major students to apply their 

interdisciplinary skills to bioengineering applications later in their careers. 

 

Limitations 

Framing study results within the SDT framework does highlight for us some limitations of this 

study. First, this course is an honors-level elective. The CHP offers multiple courses each 

semester in various topics, and the students enrolled in BIOE 199 were already motivated to 

study the topic (Table 3). Similar studies in a majors course, standard-level elective, or general 

engineering course (all offered in this department) may be good sites for a comparison study. 

The class size is also a limitation of this study. While it provides a rich environment for 

exploring nuances in motivation, the small sample size limits the ability for course instructors to 

make sweeping changes in future offerings based on this quality improvement study. However, 

Figure 6.  SDT framework applied to BIOE 199 

course structure and feedback. 
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the nuances are interesting and may support future ideation for “BIOE +” majors in the 

department, minor offerings, and electives for non-majors. However, what this study does is to 

create a template for building in more active learning modules, where lecture-only modules were 

previously offered in BIOE 199. 

 

Future Work 

Based on the findings in this study, we propose that future work explores other “bioengineering” 

contexts on our campus (described above in Limitations). Additionally, we can begin to build 

activities for lecture-only modules present in the course. One module, Point-of-Care (PoC) 

diagnostics, is particularly well suited for the addition of a hands-on activity to complement the 

existing lecture. PoC devices are portable medical instruments used to perform diagnostic tests at 

or near the patient's point of care [31]. Previously, this module was presented in Week 5 of the 

course. Students heard a guest lecture from a faculty member in Bioengineering who conducts 

research in this area. The speaker combined the explanation of general concepts such as the 

definition of point-of-care devices and biosensors, with more specific concepts such as 

sensitivity and specificity in diagnosis. A connection was made to the COVID-19 pandemic, and 

examples of point-of-care detection carried out on our campus during the pandemic were given 

[32], [33]. In the course feedback, some students mentioned that some topics were highly 

complex and more abstract in lecture format. One student stated that “some material covered in 

class was significantly over our heads.” Building in a hands-on activity may provide concrete, 

tangible supplement to context covered in lecture, making the material easier to conceptualize. 

 

Proposal for a Hands-On Activity 

PoC is a strength of the Bioengineering department at the University of Illinois Urbana-

Champaign [33], [34], [35], [36], [37]. Therefore, there are many experts who can deliver this 

content and developing a module for this course can be used in other courses, and will not suffer 

from turnover. We envision designing an activity where students can build their own PDMS-

based microfluidic device. A tour of a cleanroom (in a building where a “research institute” tour 

is already hosted as part of the course schedule) would demonstrate the instrumentation required 

to create the SU-8-based negative molds, which are fabricated on silicon wafers. In two sessions, 

students can mix polydimethyl siloxane (PDMS), pour it over prefabricated SU-8 negative 

molds, cure it, peel it off, seal it to a microscope slide using an O2 plasma chamber, perform an 

optical characterization (using a microscope), and flow food coloring through the device to 

confirm its functionality. Experimenting with fast-cure silicones may enable instructors to 

constrain the time even further, but use of PDMS elastomers may facilitate silicone based soft 

robotics activities if students build competence in fabrication techniques. 

 

The mixed methods exploration of BIOE 199 presented here and student motivations for 

studying bioengineering as non-majors provided evidence that inspires us to critically evaluate 

content in the course and may lead to favoring hands-on activities over breadth of topics covered. 

 

Conclusion 

Because this was the first delivery of the content in this context, we considered this a pilot 

evaluation and that the data are not generalizable. However, we are encouraged by findings from 

this course and module. Students increased their understanding of how different bioengineering 

technologies (such as soft robotics or point-of-care diagnostics) apply to their majors, and were 
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able to articulate ways in which their skills could be applied to these fields. In future iterations of 

this curriculum, we may probe for more information about intended roles post-graduation. 

Overall, we can see ways in which we can better connect robotics and diagnostics to specialties 

across our campus. 
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