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Abstract—Mental health challenges have been rising across
college campuses. To destigmatize wellness practices and
promote student mental health, we present a novel technical
project in an introductory bioengineering course that
explores stress management techniques through physiology,
biosensors, and design. We hypothesize that if students
measure objective, physiologic impacts of stress management
techniques on themselves, they may be more likely to realize
the benefits and use those techniques when needed. Addi-
tionally, through this data-driven project, we aim to appeal
to engineers’ critical thinking nature. To support students in
selecting stress management techniques for themselves,
mindfulness is introduced and practiced in the course. Initial
student feedback on the introduction of mindfulness into the
classroom is positive. The COVID-19 pandemic has empha-
sized the need to focus on student wellbeing in addition to
physical health. Integration of wellness into the core cur-
riculum can normalize the use of these resources within
engineering departments and colleges and equip students
with stress management tools for their careers. Ultimately,
this curricular development lays the groundwork for institu-
tional enhancement of undergraduate STEM education by
supporting student wellness through the engineering curricu-
lum.
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CHALLENGE STATEMENT

Engineering culture is dominated by perceptions of
difficult and heavy workloads. This challenging envi-
ronment creates a culture described as one of ‘‘suffer-
ing and shared hardship’’.14 Students are expected to
accept demanding workloads to be successful at the
expense of their mental health.14 Undergraduate
mental health challenges have been increasing in
prevalence in recent years. From 2007 to 2017, student
mental health services utilization increased by 15%
across US college campuses.20 Some studies have
indicated that rates of mental health issues have been
found to be higher among engineering students than
non-engineering students.8 Additionally, some studies
also found help-seeking to be lower for engineering
students.20 These challenges create a need for colleges
to provide more targeted mental health resources for
students. We identified an opportunity to use data
analysis and engineering design in a manner that al-
lows faculty to promote inclusion within technical
courses and students to find healthy coping methods
for themselves while learning the importance of
diversity in design courses.

Design courses provide an opportunity to teach
engineering students the importance of achieving
inclusive environments within engineering. As an
engineer it is important to be able to design products
that serve all populations. One need not look far to
find instances of bias in engineering design. For
example, the pulse-oximeter, a medical device used in
the project described here, does not accurately measure
blood–oxygen levels for People of Color because of the
absorption-based optical measurement.26 Previous
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studies implementing Diversity, Equality, and Inclu-
sion (DEI) principles into courses found that it helped
student teams form a healthy culture as time pro-
gressed,24 and understand how a person’s identity
impacts design and product use.6,15 Encouraging
teamwork for projects in undergraduate engineering
courses leads to greater idea generation by allowing
each student to share their unique perspective.29

In addition to group diversity, design heuristics can
help students think from more perspectives. Students
in one first-year engineering course tended to revise
their first design multiple times rather than try different
designs.2 Design heuristics cards are a set of 77
heuristics displayed with applications of the research-
based heuristic on everyday products.28 Students can
use the cards to think about features of the existing
devices or their own ideas that can be improved. The
goal of using the cards is to expand the design space
within which the student team works by allowing them
to ideate from multiple perspectives.23,28 Another
study found that undergraduate students using design
heuristics when analyzing and critiquing existing pa-
tent designs had more ‘‘unique’’ and ‘‘feasible’’ solu-
tions than students who did not use design
heuristics.1 Studies have found that students working
in teams gain professional and technical skills29 and
adapt and advance more quickly in future industry
careers.12 Another study found that students’ ideas of
identity were based on performance of a task, while
their sense of belongingness was based on peer com-
parison.25 First year engineering courses can utilize
group projects to help students gain valuable team and
social skills. Previous work suggests that engaging first
year bioengineering students in a team-based, data-
driven design project with an emphasis in DEI pro-
vides an opportunity to enhance student engagement
when wellness is practiced in a group, to strengthen
students’ engineering identity through technical data
analysis, and improve team skills and quality of stu-
dent’s designs through the use of DEI principles.

NOVEL INITIATIVE

To meet these challenges, we propose a design
project that asks teams of students to practice wellness
techniques over a 6-week period and use stress tracking
devices to monitor biometrics while testing their own
hypothesis related to how the techniques impact car-
diovascular physiology. In addition to analyzing data
collected before and after wellness activities, student
teams look specifically at the functionality of the stress
tracking devices used. Teams evaluate the functionality
of the biometric measurement devices and share ideas
as to how the device could be redesigned for a more

accessible and enjoyable experience for users. To aid
students in their development of a wellness practice,
mindfulness is introduced and practiced in class, led by
audio recordings or the course instructor.

Previous efforts to teach mindfulness-focused
activities to engineering students included lec-
tures,10,13 journaling,13 reflections,10,13 guided medita-
tions3,10,13 and guest research presentations.13,16 Other
studies used physical education courses, such as
Gyrokinesis5 or deep breathing exercises19 to teach
wellness. A recent study by Huerta et al. developed
four mindfulness workshops for students and found
that students completing the workshops had
improvements in mindfulness, and intrapersonal and
interpersonal competencies.16 This course project aims
to teach wellness topics and mindfulness techniques to
students, through data collection and analysis. On the
first day of class, each student receives a pulse oximeter
to measure pulse rate and oxygen saturation data.
Students use this data to analyze the relationship
between engaging in wellness practices and the physi-
ological effect on their own person. Fingertip pulse
oximeters were chosen because they are compact, can
be carried throughout the day, and are more afford-
able than other devices.

CURRICULUM

Bioengineering Freshman Seminar (BIOE100) is a
required course for all first-year bioengineering stu-
dents at University of Illinois Urbana–Champaign in
which peer mentors guide students through bioengi-
neering projects. The learning objectives of the project
are (1) become familiar with the cardiovascular system,
hypothesis testing, statistics, and software useful for
data analysis and visualization, (2) understand and
apply technologies central to the field, (3) begin inde-
pendent explorations into technologies in the field, and
(4) practice teamwork, technical writing, and presen-
tations. For 5 years, the first half of the course has
centered on a biometrics design project through which
students explore physiology, hypothesis development,
data collection and data analysis (Fig. 1). From 2016
to 2018, after learning about cardiovascular physiol-
ogy, students proposed everyday activities they
hypothesized significantly impact heart rate and oxy-
gen saturation. In a 2019 offering, ~ 28% of students
elected to study stressors (homework, or classes) or
stress management techniques (meditation) within
their hypothesis. The course instructor saw this as an
opportunity to redesign the project and focus on
studying physiological impacts of stress management
techniques and use data analysis to reveal physical
benefits to engineering students. In the revised offering,
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students used mindfulness meditation or a stress
management technique of their choosing (e.g., yoga,
exercise, listening to calming music) to collect and
analyze biometric data before and after practicing that
technique. Benefits of mindfulness were introduced to
students by reviewing literature on the impacts of
mindfulness for students.9,16,21 Using data visualiza-
tion (MATLAB) and statistical analysis (Microsoft
Excel) scripts (slides used to introduce the project, data
collection and analysis instructions, scripts and
instructional videos provided in Supplemental Mate-
rials), students look for statistically significant changes
in pulse rate and oxygen saturation as a result of the
wellness techniques. Practices chosen by students are
summarized in Table 1.

Teaching Remotely

Due to the COVID-19 pandemic, BIOE100 was
offered fully online in Fall 2020. The class met syn-
chronously for lecture with the instructor and in
breakout rooms with peer teammates and upperclass-
men mentors. Devices were mailed to students’ homes
and collected at the end of the semester. In Fall 2021
the course resumed in-person offerings.

In addition to focusing the project on wellness, the
revised offering also included a design evaluation of
existing commercially available stress tracking devices
(Fig. 2). The ‘‘need’’ was developed through the lens of
the bioengineering student: bioengineering students
need a method to track changes in physiology while
practicing wellness. In this case, the students them-
selves were the users of pulse oximeters for 6 weeks of
data collection. At the end of the project, the course
instructor tasked student groups with designing an
improved pulse oximeter device. First, teams devel-
oped a list of features, based on their own user expe-
rience, that they would keep in a new device and
features to improve. Results from this exercise are
displayed in Table 2.

Within the biometrics design project, the instructor
discusses engineering ethics and bias in engineering
design with students. The pulse oximeter device pro-
vides an opportunity for a discussion of encoded sex-
ism7 and racism in design.4,11 Given the optical
measurement, hemoglobin levels, and finger clip de-
sign, students use the literature probing bias in these
instruments11 to discuss possible calibration methods
or device redesign. The discussion focuses on design
methods to correct this error, ethical responsibilities of
engineers, and the benefits of a diverse engineering
workforce in combatting bias in design.

Students were encouraged to use information about
other commercially available stress tracking devices
(examples in Fig. 2) in their analysis. Due to online
learning necessitated by the COVID-19 pandemic, in
Fall 2020, students learned about the devices in class
but were not able to physically interact with all devices.
In-person, each team of students had the opportunity
to experiment with a commercially available device
and report out to the class on its features and func-

FIGURE 1. Overview of physiology and biometrics wellness project.

TABLE 1. Summary of wellness practices selected by
students in course (n = 185).

Wellness practice % of teams

Exercise 17

Music 33

Yoga 7

Meditation 43
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tionality. Students analyzed devices through usability
heuristics30 and propose improved device design
through use of design heuristics cards.2,23,28 Table 3
shows the results of a 30 min brainstorming session
facilitated by use the of design heuristics cards. Stu-
dents were tasked with identifying three cards and
specifically enumerating how the team would apply the
card to redesign of the pulse oximeter.

SURVEYS

We obtained Institutional Review Board approval
to administer two online surveys, a pre- and post-sur-
vey, to students enrolled in the course. Both surveys
were optional to students and anonymous. To link pre-
and post-surveys, students were asked to create a un-
ique code. In Fall 2020, students were entered into a
raffle for a $50 gift card for each survey completed. The
pre-surveys (administered at the start of the project)
had a response rate of 37.9%. Post-surveys (adminis-
tered at the end of the semester) had a lower response
rate of 17.2%. The pre-survey asked questions about
student’s perception of, practice of, and willingness to
try mindfulness.22 Students were asked again about

their perception and practice of mindfulness on the
post-survey to gauge changes after the project. The
post-survey included additional questions about the
quality of the project and devices, and usefulness of the
devices in helping students to identify stress, and
effectiveness of the devices in gaining a better under-
standing of design heuristics. In Fall 2021, the survey
was offered in person during class time and compen-
sation was changed to incentivize participation. Par-
ticipants were paid $10 per survey completed. These
changes resulted in a pre-survey response rate of 97%
and a post-survey response rate of 60%.

PILOT ASSESSMENT

A pilot of the new project was first implemented in
Fall 2020 with approximately 90 first-year engineering
students. The pilot offering (1) introduced students to
new biometric devices that capture additional physio-
logical data including electrodermal activity and EEG
(Fig. 2) for design comparison, (2) introduced students
to the concept of wellness, and (3) collected general
student feedback on the project implementation to
improve future offerings. The pilot project was suc-

FIGURE 2. Overview of solution space and needs finding process in the pulse oximeter design project.

TABLE 2. Results from student user analysis of fingertip pulse oximeter.

What to keep Incidence What to improve Incidence

Small, compact 13 Inconsistencies in results 15

Easy to use 12 Size: bulky 3

Portable 7 Lag in measurement to display 3

Quick measurement 5 Finger needs to be still 3

Display orientation can be changed 4 Does not work with nail polish 2

Easy to read screen 3 Difficult to use if lacking fine motor skills 1

Easy on and off 2 Lack of calibration step 1

Long battery life (AAAs) 1 No on/off button 1

Students reported the features that they would keep in an improved pulse oximeter and features they would change after using the device

once a day for 6 weeks.
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cessful as measured by qualitative measures and course
feedback surveys. Students noted that collecting their
own biometric data was convincing of the effectiveness
of wellness practices (Table 4). Students noted that the
project applied engineering principles while also pro-
viding students valuable life skills. Students also indi-
cated that the project was useful in learning about
engineering design.

Students also provided suggestions for improve-
ments to the project. Some of the pulse oximeters used
by students were unreliable, so students suggested
getting better or newer devices for the class. One stu-
dent suggested that more wellness practices ‘‘that
aren’t just mindfulness activities or light exercise’’
could be introduced. We also gathered feedback on the
usefulness of pulse oximeters during the wellness pro-

ject. Eight students reported that using the pulse
oximeters helped them become more aware of stress,
five students said they did not, and one student did not
use the device in this way. After Fall 2020 and Fall
2021 offerings, 68 students reported that pulse oxime-
ters were useful in improving their understanding of
design features (Table 5). One student reported they
did not gain a better understanding of design from
using the pulse oximeters but did not further elaborate
in a comment.

REFLECTION

Overall receptiveness to the wellness project, as
identified from the post survey, was positive. Students
noted enjoying designing their own experiment related

TABLE 3. Example student responses to application of design heuristics cards to redesign of the pulse oximeter.

Card number and title How the card would be applied

4. Add to existing product ‘‘The pulse oximeter could have a [tare] function similar to a balance. After taking your measurements once, you

could set the pulse oximeter to show you the difference the second time after doing any activity.’’

‘‘I think that one thing that makes a device like the Apple Watch so popular is that it integrates the high-tech pulse

oximeter into an already existing, extremely smart piece of technology that has many other functions as well.

The watch idea, for example, fixes the mechanical issue of having a large, plastic device and instead makes

using the pulse oximeter a trendy aspect of a new tech giant’s product.’’

‘‘Since the pulse oximeter is only one datapoint in the scope of a person’s health, creating a system of vital sign

detectors could give a broader look at the status of one’s health. For example, by connecting a pulse oximeter

to a thermometer, a blood pressure monitor, or a nebulizer, one can use the pulse oximeter in a more

meaningful way.’’

9. Allow user to cus-

tomize

‘‘Allow the user to customize settings about themselves, which can lead to a more accurate reading. For instance,

users can enter their skin pigmentation and the pulse oximeter can make adjustments to the measurements to

more accurately represent the actual SpO2 value.’’

‘‘I think it would be nice if you could store recent data in the pulse oximeter. Like your 10 most recent data

measurements so you could see if there are any concerning patterns.’’

11. Allow user to reorient ‘‘If the pulse oximeter was perpendicular to your finger, people with nail polish on or acrylic nails could still use it.’’

15. Attach product to user ‘‘Attach pulse oximeter to a watch or some wearable device so the user can monitor their pulse rate and oxygen

saturation throughout the mindfulness practice.’’

17. Build user community ‘‘The pulse oximeter could have bigger computational components that would allow for software to be imple-

mented that would allow users to connect with each other via an app on a smartphone. In the app, you could

compare your heart rate and SpO2 levels to your friends, thus monitoring their workouts, meditation, etc.’’

19. Change flexibility ‘‘If the pulse oximeter was made out of a soft, gel-like or clay-like material such as the grip on an ergonomic

pencil, the oximeter would become more patient friendly because the device would mold to the patient’s finger

and it would be less bulky.’’

27. Cover or wrap ‘‘Implement a wrapping mechanism to allow for greater flexibility and account for different finger shapes and

sizes.’’

‘‘For groups that used the pulse oximeter while doing exercise, a pulse oximeter that wraps around an individual’s

arm may be more secure than the current design.’’

40. Incorporate user input ‘‘Input user resting heart rate so the device can compare your data after practicing mindfulness.’’

43. Make multifunctional ‘‘We could make the device measure another biometric, such as cortisol, through sweat. By measuring cortisol,

we could also measure the individual’s stress level.’’

50. Provide sensory

feedback

‘‘When reading is in the process of being taken, animation is shown so the user knows the device is thinking.

When reading is complete, the device vibrates to let the user know it has finished.’’

‘‘You could allow the pulse oximeter to keep track of average values and alert you when the measurements that

you are getting are abnormal or cause for concern. This way, people could keep track of their health better and

take action when something is wrong.’’

70. Use different energy

source

‘‘A USB-C port or a wireless charging driver would be a very useful addition to the device.’’

‘‘Instead of using batteries as energy, could make it solar powered or powered by charging it with an outlet.’’
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to wellness and using biometric devices. A difficulty
that arose during the project concerned the quality of
the pulse oximeter devices. In future offerings we plan
to improve the project by supplying students with
higher quality pulse oximeters that give more consis-
tent readings, as well as allowing students to check-out
other devices shown in Fig. 2. In teams, students can
further compare the design and functionality of dif-
ferent devices, identify needs, and posit solutions for
improvement. In Fall 2021, the instructor led live in-
person mindfulness meditations. At the end of the 6-
week project, 88% of students in the course voted to
continue meditating daily at the start of class. We plan
to collect data and assess changes in help-seeking,
perceived barriers to care, and use of university well-
ness resources in future offerings, ultimately to shift
the engineering culture from one of ‘‘suffering and
shared hardship’’14 to a culture of wellness.17

SUPPLEMENTARY INFORMATION

The online version contains supplementary material
available at https://doi.org/10.1007/s43683-021-00060-
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TABLE 4. Themes from student responses about what they enjoyed about the wellness project (Year 1).

Theme

Number of

responses Example student comments

Analyzing own data 2 ‘‘I enjoyed how we could analyze data from our own experiences, which also led to some

benefits of our own.’’

‘‘I liked that I was able to see a measurable change in my data, because it reinforced to me that

mindfulness does in fact work.’’

Way to de-stress 5 ‘‘It made me take time out of my day to slow down.’’

‘‘I liked that it forced me to take some time out of my day to just relax.’’

Applicable outside of

academics

2 ‘‘I liked how useful and applicable it was to my life.’’

‘‘I liked how the project was relevant to both bioengineering and to us as students.’’

Freedom to create own

project

3 ‘‘I liked the freedom of choosing what to incorporate as a wellness practice.’’

‘‘The freedom aspect of being able to choose what mindfulness activity to engage in.’’

TABLE 5. Student feedback on usefulness of pulse oximeters in gaining a better understanding of design features (Years 1 and 2).

Response Number of responses

Yes 68

No 5

Example student com-

ments

‘‘Yes, being able to have a medical device and use it personally gave me a lot of insight into the design and use

processes.’’

‘‘Yes, it gave me a better sense of the features such as pulse rate and oxygen levels that can help track stress levels

for people.’’

‘‘Using the biometric devices and talking with my group about the issues we encountered when using them gave us

a better sense of how to improve these devices.’’

‘‘I realized we need to better diversify the biometric devices we use since they did have bias within their design.’’
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