Pandemic-Driven Online Teaching—
The Natural Setting for a Flipped
Classroom?
Victor K. Lai1

As the COVID-19 pandemic forced a sudden shift to online teaching and learning in April 2020, one of the more significant challenges faced by instructors is encouraging and maintaining
student engagement in their online classes. This paper describes
my experience of flipping an online classroom for a core Chemical
Engineering Fluid Mechanics class to promote student engagement and collaboration in an online setting. Comparing exam
scores with prior semesters involving in-person, traditional
lecture-style classes suggests that students need a certain degree
of adjustment to adapt to this new learning mode. A decrease in
student rating of teaching (SRT) scores indicates that students
largely prefer in-person, traditional lectures over an online
flipped class, even though written comments in the SRT contained
several responses favorable to flipping the class in an online setting. Overall, SRT scores on a department level also showed a
similar decrease, which suggests students were less satisfied with
the quality of teaching overall throughout the department, with
this flipped method of instruction neither improving nor worsening
student sentiment toward online learning. In addition, whereas
most students liked the prerecorded lecture videos, they were less
enthusiastic about using breakout rooms to encourage student collaboration and discussion. Further thought and discussion on best
practices to facilitate online student interaction and collaboration
are recommended, as online learning will likely continue to grow
in popularity even when in-person instruction resumes after the
pandemic. [DOI: 10.1115/1.4052109]
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Introduction
Since the COVID-19 pandemic abruptly shifted higher education to fully online delivery modes in March 2020, educators and
students alike grappled with numerous online teaching and learning challenges. In general, online teaching can be classified
broadly in the following ways: (1) fully online and synchronous,
where students log in to a video conferencing platform at set class
times during the week, (2) fully online but asynchronous, where
students access posted lecture materials at their own time, or (3) a
hybrid model which is a mix of synchronous and asynchronous
classes, e.g., students meet online at a set time only once a week
and watch prerecorded videos for the rest of the week. Note that
these classifications are for fully online lecture classes only and
do not include teaching models that involve some form of inperson instruction or courses with a laboratory component. From
students’ perspectives, “Zoom fatigue” set in rapidly; anecdotal
conversations with students indicated that they spent as much as
5 h a day on exhausting Zoom classes. In addition, students missed
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Methodology
This class of 44 students met synchronously for 50 min every
Monday, Wednesday, and Friday. Students were assigned lecture
videos and/or worked examples before class. These prerecorded
videos were filmed in a professional studio setting on the University of Minnesota Twin Cities campus in Summer 2020 with the
assistance of the video production team at the Academic
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out on interpersonal interactions with faculty and other students,
which is essential in terms of students’ learning through collaborative discussions and perhaps more crucial in developing their
interpersonal and communication skills. These jarring adjustments
for students toward learning, coupled with social isolation and
various personal complications that arose from the pandemic,
have led to increased anxiety and depression among students
[1,2]. Likewise, instructors faced an abrupt adjustment with little
time to adapt course materials to an online platform on top of personal and family life complications such as childcare and a myriad
of work-from-home challenges. Technological issues such as poor
internet and software proficiency aside, one of the biggest challenges for instructors is maintaining student interest and engagement in their courses [3–5]. Notably, Wester et al. reported a
significant decrease in emotional engagement of science, technology, engineering, and math (STEM) students during the pandemic, as quantified by students’ attitudes toward science courses
in general, not just specific to a particular course [5]. Higher education instructors had the unenviable task of creating engaging
online learning experiences under severe time constraints while
delicately balancing accommodations for students’ unique challenges with a responsibility for teaching core content effectively
and holding students to high standards.
Even before the pandemic-driven switch to online teaching,
numerous studies have shown that active learning techniques such
as a flipped classroom can increase student engagement [6–8].
The origins of the flipped classroom approach are widely attributed to two Colorado high school teachers, Jonathan Bergmann
and Aaron Sams, who, in the mid-2000 s, provided voice-over
annotations of their Powerpoint slides to accommodate students
who missed classes [9]. Over the years, numerous researchers
studied the effects of the flipped classroom on student learning;
see Al-Samarraie et al. [10] for an excellent review of flipped
class experiences across different higher education disciplines.
The foundations for the flipped classroom stem from a studentcentered learning approach, in contrast to passive participation in
traditional lecture settings [11–14]. Broadly, the flipped classroom
approach places responsibility on students to first learn the material before class via prerecorded videos or reading assignments.
Then, class time is typically dedicated to collaborative problembased learning and discussion among students to practice and
retain their learned knowledge. Bishop and Verleger further narrow the definition that a flipped-classroom approach should contain two parts: (1) “interactive group learning activities inside the
classroom” and (2) “direct computer-based individual instruction
outside the classroom” [12]. They argue that preclass activities
should still be teacher-centered, excluding more passive assignments such as assigned readings. This concept of computer-based
instruction automatically lends itself perfectly to online teaching,
which begs the following questions: (1) Is a flipped classroom
method a natural fit for online teaching? (2) Can we effectively
facilitate collaborative learning among students in an online setting? In this paper, I attempt to answer these questions via my
experience of teaching ChE 3111: Fluid Mechanics at the University of Minnesota—Duluth online in Fall 2020 using the flipped
classroom method of instruction. Although this class is taught
with more traditional Chemical Engineering applications in mind,
the same concepts such as Bernoulli’s and Navier–Stokes equations, pump, and pipe flow design also apply to Biomedical Engineering analysis of drug delivery systems and modeling
physiological fluid flow in the body.

Table 1 Questions from the end-of-semester SRT evaluations. Some questions were modified or changed entirely because of the
change to a fully online format for Fall 2020
Questions for Fall 2017–2019

Questions for Fall 2020 (if different)

A. Delivery of instruction
1.
The instructor used appropriate and effective instructional methods
2.
The instructor’s teaching style motivated me to learn
3.
The instructor used the class time well

—
The format and page design were easy to use
Instructions were clear, and help was available if I
encountered problems

C. Creating an environment that supports learning
7.
The instructor created an open, respectful environment
that supported my learning
8.
The instructor was available at designated times outside
of class
9.
I feel comfortable asking questions in class and/or for
help outside of class
D. Administrative issues
10.
11.
12.
E. Other
13.
14.

—
—
—

—
The instructor was available (for example, office hours,
or email) to assist if needed
The instructor included a way to exchange ideas with
other students

The instructor was organized
The instructor graded my work in a timely way
The text(s) and/or other required materials were a necessary part of the course

The course was well organized
—
—

I would recommend this instructor to a fellow student
Overall, I learned a lot in this course

—
—

Technology Support Services following strict COVID-19 safety
protocols. In total, 36 videos varying between 8 and 36 min in
length were filmed. A handout of partially filled notes accompanies each video—students are required to complete the handout
and submit it online before the start of class, with these completed
handouts constituting 30% of the homework grade. This handout
serves two purposes: (1) to keep students accountable to watch the
videos before class and (2) to provide students with a complete set
of notes for each lecture. Similar to the in-person flipped classroom format for another engineering class [15], the 50 min of
class time is roughly divided into the following sequence:

essential concepts and field questions regarding the lecture video
material. At the start of the semester, only 5 min was allocated for
the final segment, where the instructor briefly explained the solution. However, the time was extended to 10 min following overwhelming feedback from a midterm survey conducted after the
first exam that revealed students wanted more detailed explanations of the solutions to the practice problems. Equipping students
with a better understanding of how to approach solving the practice problem helps them complete the homework problems outside
of class.

5–10 min: The instructor leads a brief recap of the slides used
in the video(s).
15 min: Students work individually on practice problems from
the week’s homework set.
15–20 min: Smaller groups of five to six students meet in breakout rooms. Breakout groups were randomly assigned at
the start of the semester. The groups remained
unchanged throughout the semester, with the rationale
of building rapport and comfort between the same students to facilitate discussion. An undergraduate teaching assistant (TA) was also present in every class to
rotate through the breakout rooms and help answer
questions.
5–10 min: The student groups rejoin the class to compare their
work to a brief explanation of the practice problem’s
solution.

Data Comparison. Data from Fall 2020 (online, flipped class,
n ¼ 43 students) are compared with prior semesters that employed
in-person traditional lecture modes in Fall 2017 (n ¼ 42), Fall
2018 (n ¼ 48), and Fall 2019 (n ¼ 25). Two different measures are
compared across semesters:

With the first and last segments of the class resembling more of
a traditional lecture involving direct instruction from faculty, it
may be argued that this format is strictly not an entirely flipped
classroom but more of a hybrid model of instruction. Nevertheless, feedback from an informal midterm survey indicated favorable responses from students toward this format. The brief recap
at the start of the class allowed the instructor to emphasize
124501-2 / Vol. 143, DECEMBER 2021

(1) Exam scores (two midterm exams þ one cumulative final
exam) are used to measure student learning. Each of these
exams covered the same material across all four semesters.
(2) Student rating of teaching (SRT) compares student satisfaction and perception of learning for the class. These student
evaluations contain 14 questions in total, as shown in
Table 1; scores are based on a Likert-type scale ranging
from 1 (very strongly disagree) to 6 (very strongly agree).
Note that several questions were changed or modified when
the modality of instruction changed to online for Fall 2020.
Specifically, the overall average scores and the individual
score for question A1: “The instructor used appropriate and
effective instructional methods,” are compared across
semesters. Thus, the latter question serves as a more direct
gauge of students’ perception of this flipped class. These
scores are also compared with the department averages to
measure relative changes in student sentiment between this
class and the department average. In addition, common
Transactions of the ASME
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B. Articulating expectations and assessing learning
4.
The instructor clearly articulated exp ectations for this
course
5.
The instructor provided a regular and helpful assessment of my progress in this class
6.
The course assignments, exams, and projects were a
good measure of my learning

feedback themes are extracted from written responses to
two questions: (1) “What aspects of this course were particularly effective?” and (2) “What could the instructor do to
improve his/her teaching?”

Results
Figure 1 shows the comparison of exam scores across the four
semesters. Student’s t-tests were conducted in Microsoft Excel,
and the Bonferroni correction was applied when multiple comparisons were performed. Notably, the average score for Midterm
exam 1 in Fall 2020 was lower than previous semesters with traditional in-person lectures. Although data from an informal survey
of prior student cohorts (data not shown) showed that most students had experience with in-person flipped class in at least one of
their lower-division classes, this class is the first online flipped
class for most students. With Fall 2020 as the first fully online

Fig. 2 (a) Overall SRT scores for ChE 3111 versus the department average across the four semesters. In general, slightly
lower scores were observed for Fall 2020, both for ChE 3111 and on a department level. (b) The ratio of ChE 3111 to department average SRT scores. The similar ratios suggest that the decrease in SRT scores for ChE 3111 in Fall 2020 was proportional to the overall decrease at the department level.
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Fig. 1 Comparison of exam scores across semesters. The
average score on midterm exam 1 for Fall 2020 (flipped, fully
online) was lower than previous semesters, but not statistically
different for midterm exam 2 and the final exam. The midterm
exam 2 scores in Fall 2020 were statistically higher than Midterm exam 1, an improvement only also seen in Fall 2017. Asterisk (*) represents p < 0.05 using Student’s t-tests, with the
Bonferroni correction for multiple comparisons between
semesters for each exam.

semester for most students, coupled with typical semester-tosemester variability in exam difficulty and subtle differences
between student cohorts, it is impossible to pinpoint any specific
reason for the lower scores. Comparing midterm exam 1 and midterm exam 2 shows statistically higher scores in Fall 2020
(p < 0.05 using Student’s t-tests). An improvement was also
observed in Fall 2017, where midterm exam 1 scores were also
lower. The fact that average exam scores recovered in subsequent
exams to levels that are statistically the same as previous semesters suggests some adaptability by the students either to the online
format, or the flipped method of instruction, or some combination
of both.
The bar charts in Fig. 2 compare the overall SRT scores across
the four semesters. An overall decrease in SRT scores in Fall
2020 was observed for the ChE 3111 course and the department
average (Fig. 2(a)). Although the department average in Fall 2017
was the lowest across the four semesters, it should be noted that
there was significant faculty turnover (two out of nine faculty)
between Fall 2017 and Fall 2018, rendering this comparison less
useful. Except for Fall 2017, which had a higher SRT ratio due
mainly to the lower department average that semester, similar
score ratios were observed between Fall 2018 and Fall 2020
(Fig. 2(b)). Looking specifically at question A1 in the SRT: “The
instructor used appropriate and effective instructional methods,”
the trends mirror those for the overall SRT scores identically
(Fig. 3). This observation is not surprising since many studies
have shown that such student evaluations reflect
student–consumer satisfaction more than student learning [16,17].
Instead of “reading the actual rating items, [students] locate a column on the form to reflect their general level of enjoyment in the
course” [17]. Taken together, however, these trends suggest that
students were less satisfied with the quality of teaching overall
throughout the department in the primarily online environment in
Fall 2020, while employing the flipped method of instruction for
ChE 3111 neither improved nor worsened student sentiment
toward online learning.
Table 2 highlights some commonly written feedback in
response to two open-ended questions. Notably, despite the overall drop in SRT scores, a significant number of students enjoyed
the flipped/hybrid method of instruction. Specifically, several students tied their feedback directly to their online learning, indicating that the flipped classroom “worked well with the online
aspect” and “was an effective approach to distance learning.”
Another student responded that “despite the troubles around
online learning, I found this class with the flipped classroom format particularly effective.” The next most common positive

Table 2

Summary of common responses to two open-ended questions on the SRT

What aspects of this course were particularly effective?

Number of mentions (total number of student responses: 34)

Flipped class setup
Having prerecorded video lectures
Working on homework problems during class
Breakout rooms/discussion with other students on homework
problems
What could the instructor do to improve his/her teaching?
More time on exams
Breakout room issues (do not like the setup, not useful overall,
group members not talking, etc.)
More resources (more video examples, practice tests, etc.)
Explain solutions more / slower

feedback (prerecorded lecture videos, homework problems in
class, breakout room discussions) revolved around particular
aspects of a flipped classroom. In particular, many students
enjoyed the prerecorded lectures “because I could access them at
any time” and “being able to watch lecture videos whenever I
want.”
Interestingly, the use of breakout rooms for discussion was both
a frequent positive and negative feedback. Several students
enjoyed “working in groups to discuss the homework questions,
and “be able to bounce back ideas of (f) one another.” One student, in particular, noted the social interaction aspect that breakout
rooms provided: “Especially because being online, it was hard to
interact with students, so breakout groups really helped.” However, it was obvious that group dynamics and student personalities
played a critical role in whether breakout rooms were successful.
One student bluntly wrote “no breakout rooms”; other students
felt “some other students in the class are left unfulfilled by working with other students… it’s the issue of the students who won’t
collaborate,” and while “working as a group could have been
effective, I didn’t gain much help from my group.” Such group
dynamics are not unique in this online breakout room setting and
warrant further study into how best to accommodate the wide
variety of student personalities and preferences, as discussed
below.
124501-4 / Vol. 143, DECEMBER 2021

14
9
7
8
Number of mentions (total number of student responses: 25)
4
4
3
3

It should be noted that these anonymous SRT data present an
aggregate of all the students who responded to the survey; as
such, a deeper analysis of any differences between different
groups of students is not possible. For example, Chiquito et al.
[18] found that flipping the classroom improved female students’
grades over male students, suggesting that the flipped method of
instruction benefited female students more, which should presumably correlate with more positive SRT scores. However, without
demographic data from the SRT, it is impossible to perform a similar comparison to ascertain whether this gender difference is also
observed in an online flipped class setting.

Discussion
Overall, implementing the flipped method of instruction in an
online environment for this class was well-received, even though
the decrease in SRT scores compared to previous semesters suggests that flipped online learning is still less preferable than an inperson, traditional lecture format. Also, exam scores suggest that
some adjustment was necessary before students could demonstrate
learning at the same level as previous semesters. However, it is
unclear whether this is an adjustment to online learning, the
flipped instruction method, or some combination, including other
factors. Taken together, the flipped class method of instruction
Transactions of the ASME
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Fig. 3 (a) Overall SRT scores for ChE 3111 versus the department average for question A1. Error bars are standard errors for
this question, as provided by the aggregate SRT report. (b) The ratio of ChE 3111 to department average score for question
A1. Overall, trends for question A1 specifically mirror closely the overall SRT score trends in Fig. 2.

lends itself well to online teaching, with the prerecorded videos an
effective way for students to learn the material before class. Facilitating collaborative learning and discussion among students in an
online setting, however, showed mixed results, although several
qualitative observations could be made from this online flipped
instruction experience:

(a) Rather than random assignments, allow students to
choose their groups. One potential drawback of this
strategy is the exclusion of certain groups of students,
e.g., minority students such as students of color, as students tend to choose to interact with people who are
most “like” themselves.
(b) Switch up breakout groups periodically throughout the
semester. Although this strategy would render any
breakout group issues temporary, it may also discourage discussion as students have to adjust to new faces
and personalities.
(c) Survey the students whether they want to be in a group
that engages in discussion and assign the groups
accordingly, essentially giving students the option of
working alone during the breakout discussion segment.
This strategy was attempted mid-semester for a different class in Spring 2021 with some degree of success.
Although no data were collected for this class, anecdotally I observed that breakout rooms composed of students who opted for discussions were generally lively.
Journal of Biomechanical Engineering

As the nation cautiously looks to a resumption of normal in-person
activities for Fall 2021, several lessons learned from the past year of
online teaching could be adapted in the physical classroom and create
better online learning experiences. First, while an overwhelming number of students strongly prefer in-person instruction over online learning, several students have benefited from the flexibility afforded by
online learning. A potential option would be to offer an online section
of the same class to accommodate students for whom traveling to campus may be inconvenient or may experience conflicts with work or
personal schedules. Second, holding more online office hours may
encourage more students to seek help when they can access instructor/
TA help from home. However, online office hours for this class were
poorly attended compared to in-person office hour attendance in previous semesters. Hence, it is unclear if students will utilize the convenience of online office hours. Finally, the availability of recorded
lectures over the past year could allow for better resource sharing
between faculty, not just within the same institution but also collaboratively with other institutions. For faculty who adopt a traditional lecture style for in-person teaching, these videos could serve as a
supplemental resource for students who may not have understood certain concepts well the first time during the lecture. Ultimately, regardless of what individual instructors choose to do with the online
resources they have developed over the past year, this pandemic has
shifted the academic landscape significantly and hastened the growth,
popularity, and availability of online learning. Hence, now armed with
some knowledge and experience with online teaching and without the
unexpected stress of a sudden pivot from a pandemic, it may be prudent for instructors to continue to consider effective strategies for
online teaching to adapt to this changing landscape.
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(1) Requesting students to turn on their cameras during class
promotes student engagement. However, it should be
emphasized that turning on their cameras is a request and
not a requirement, and I often make clear that students may
choose not to turn on their cameras, e.g., due to privacy reasons, poor internet connection. Finders and Mu~
n oz contend
that such a requirement may be culturally insensitive, intrusive, and create anxiety for some students [19]. However, I
have anecdotally observed that students using their cameras
tend to be much more engaged with one another and the
instructor/TA in breakout rooms. In contrast, rooms with no
student cameras turned on tend to be completely silent,
even when I join the room and attempt to ask questions.
Although Finders and Mu~
n oz suggest that instructors
should “trust students to be in charge of their bodies, spaces
and learning” [19], turning on their cameras creates
accountability for students to stay engaged with the material. In the latter half of the semester, whenever I remind
students of the request to turn their cameras on, I also challenge students to be honest with themselves should they
choose not to do so.
(2) Breakout rooms are not ideal, but are there better online
alternatives? As previously mentioned, student engagement
in breakout rooms is highly dependent on student personalities and preferences. Although I chose to keep students in
the same breakout groups hoping that they would build rapport with one another as the semester progressed, this strategy backfired with a few groups where most students did
not want to engage in discussion from the start. For example, midsemester, a student provided feedback that she
gave up trying to engage her group—at the start of the
semester, she would always turn on her camera and
attempted to make conversation by, e.g., asking how everyone else was doing. Still, the lack of response was very disheartening for her. In an in-person setting, students
instinctively sit close to peers they already know, leading to
more interaction naturally during group discussions. In
addition, students do not have the option to “hide” from
and not respond to their peers in the physical classroom,
which forces even the most reclusive students to engage in
some limited discussion. Some potential options to consider
for future online classes:

On the other hand, individual exam scores for several
students who opted to work alone during the breakout
discussion segments of class notably suffered, possibly
due to removing any accountability to stay engaged
during class.
(3) The online platform is excellent when screen sharing
among students is helpful. One obvious advantage of online
classes is the ability for students to share computer screens
during breakout discussions. Rather than huddling together
or peering over each other’s shoulders in a physical classroom setting, students can easily see another student’s work
and help troubleshoot problems. This is especially useful
during practice problems where some software is required,
e.g., organizing data or plotting using Excel. Unfortunately,
such problems involving the use of software were rare for
this class. However, this could be a significant advantage
for classes that involve, e.g., heavy programing or specialized software. In some cases, however, some students took
photos of their work and screen-shared them with the
group, which significantly promoted discussion as students
could now see the student’s thought process and approach
to the question. This latter strategy could be pursued further
by encouraging students to share their work more often.
(4) Would more collaborative forms of student performance
evaluation work better in an online setting? Although
exams are traditionally considered the primary tool for evaluating student learning, some studies have reported improved
student performance via alternatives such as problem-based
learning [20,21] or collaborative exams [22,23]. Such methods
would encourage (if not force) interaction among students and
hence worth exploring in future semesters regardless of
whether the instruction is in-person or online. However, it is
unclear whether such approaches can be implemented successfully in an online setting, where low engagement and
cheating are already common problems.

University of Minnesota. The author thanks Andrew Matthews
from the Academic Technology Support Services for his help in
producing, editing, and uploading the lecture and example videos.
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