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ABSTRACT

The increase in online learning brought on by the COVID-19 pandemic will likely result in
a greater availability of online and hybrid course offerings. In this study, students enrolled
in parallel sections of a microbiology lab course with in-person labs and either face-to-
face (F2F) or all-online lectures (hybrid, H). Course material and method of assessment in
the two sections were identical; student demographics were similar. In the first year, F2F
students scored significantly higher on two out of four exams. In the second year, two in-
terventions were introduced: team-building activities (in both sections) and online group
discussions (H only). Students in both the F2F and H sections reported similar positive
teamwork reviews based on Comprehensive Assessment of Team Member Effectiveness
(catme.org) and survey data. Although the COVID-19 pandemic eventually forced all learn-
ing online, exam scores from the two sections in the first half of the semester were sim-
ilar, suggesting that the interventions were effective. In both sections, exam scores were
positively correlated with entering grade point averages. This study adds to the body of
literature supporting the effectiveness of hybrid learning.

INTRODUCTION

Enrollment in online classes has seen a continuous steady increase (Woodyard and
Larson, 2017; Seaman et al., 2018; Garrett, 2019; Gallagher and Palmer, 2020).
Online education offers many advantages, including increased student flexibility and
compatibility with work schedules (U.S. Department of Education, 2010). However,
online classes may also limit student-teacher and student-student interaction
(Bambara et al., 2009). The COVID-19 pandemic has rapidly accelerated the transi-
tion from face-to-face to online education (Davis et al., 2020; Noel et al., 2020). It
seems highly likely that this transition will continue, because online courses provide
increased options for students as well as an additional revenue stream for colleges that
lack the resources, personnel, and space to teach additional classes (Gould, 2003).

The Benefits of Hybrid Classes

Hybrid classes, which combine online learning with face-to-face instruction, are becom-
ing increasingly popular (U.S. Department of Education, 2010). A hybrid or blended
course is defined as having between 30% and 79% of the course content delivered
online (Allen et al., 2007). The goal of a hybrid class is to promote active learning with
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increased flexibility by combining the best features of in-class
learning and online classes (Vaughan, 2007). When done prop-
erly, a hybrid class can make better use of available resources;
however, this requires a well-functioning and continuously mon-
itored infrastructure to support both students and staff (Twigg
2003; Garrison, 2008; Moskal et al., 2013; Varty, 2016). A suc-
cessful hybrid class shifts focus from information-delivery for-
mats like lecturing to more active learning such as discussions
and debates (Vaughan, 2007). Hybrid classes have been used
previously to successfully teach microbiology lab (Sancho et al.,
2006) or lecture classes (Krawiec et al., 2005; Adams et al., 2015)
One issue with any online format is that faculty need train-
ing and support to develop a quality class. Online classes should
be relevant and collaborative and should provide students some
control over their learning (Kim and Bonk, 2006). Classes need
to encourage inquiry and critical reflection by their students.
Development of such quality online classes requires substantial
institutional support and faculty commitment (Keeton, 2019).

What Can We Do to Improve Outcomes from Online
Teaching?
Many studies have demonstrated that increasing course struc-
ture with required active-learning exercises raises the achieve-
ment of all students, particularly those from disadvantaged
educational backgrounds (Freeman et al., 2011; Haak et al.,
2011; Eddy and Hogan, 2014; Gavassa et al. 2019). Haak and
colleagues (2011) refer to this as the “Carnegie Hall hypothe-
sis”: students who have an opportunity to practice higher-order
thinking skills perform better. Courses incorporating more
active learning are positively correlated with increased student
motivation and efficacy (Wyk, 2012). One way to achieve this is
through the inclusion of active-learning activities, group work,
weekly quizzes and discussion sections. These types of course
structural interventions have been demonstrated to improve
learning, reduce achievement gaps, and improve student per-
formance in science, technology, engineering, and mathematics
(STEM) classes (Gibson and Chase, 2002; Jensen and Lawson,
2011; Freeman et al., 2011, 2014; Haak et al., 2011).
Collaborative learning improves student learning and
achievement (Anderson et al., 2005; Armstrong et al., 2007;
Doymus, 2008; Preszler, 2009; Johnson et al., 2000). Collabora-
tive learning is derived from constructivist theory (Piaget, 1926;
Vygotsky et al., 1978), which states that previously held incorrect
conceptions must be challenged in order to build new knowl-
edge; active learning is required to change ideas. The work of
Piaget and related theorists is based on the premise that, when
individuals cooperate in the environment, sociocognitive conflict
occurs that creates cognitive disequilibrium, which in turn stim-
ulates perspective-taking ability and cognitive development.

Do Different Subpopulations of Students Perform Better in
a Traditional or Hybrid Setting?

The need to provide high-quality science education to minority
students is well recognized (Malcom, 1996; Hrabowski, 2011).
In general, students at minority-serving institutions have used
distance education less extensively than students at other
schools (Ashby, 2002). Before the COVID-19 pandemic, Blacks
and Hispanics in STEM majors were found to take significantly
fewer classes online (Wladis et al., 2015). Also, some disadvan-
taged students, especially Native Americans and rural Ameri-
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cans, may lack high-speed Internet access necessary to partici-
pate in an online learning environment (Rosenboom and Blagg,
2008; Banerjee, 2020).

Hybrid format with high structure has been shown to
improve exam performance for traditionally underrepresented
minority (URM) students (Gavassa et al., 2019). In this study,
the authors made a comparison of student outcomes using
three different teaching formats: fully online, hybrid, and face-
to-face in an introductory biology class. Whereas white students
in the study had the highest performance in the online format,
Hispanic and Black students had higher scores in the hybrid
format. In a second study of a large introductory biology class
(Haak et al., 2011), educationally or economically disadvan-
taged students were shown to benefit most from a structured
active-learning environment.

The Current Study

In our current study, we aimed to identify factors that may con-
tribute to successful teaching in a hybrid format. For this pur-
pose, we compared learning outcomes for a large undergradu-
ate microbiology class with in-person labs and either a hybrid
section with lectures delivered entirely online (H) or mostly
face to face (F2F). Both sections had very similar demographic
distributions. In an initial comparison, we observed a slight but
significant reduction in exam scores in the H relative to the F2F
section. We then tested the effects of interventions including
structured online group discussions and other group activities
to improve team satisfaction and student engagement in the H
section. We hypothesized that increased course structure and
cooperative learning would produce similar student exam
scores in courses with the two types of instruction. We used
disaggregated student response data to address the question:
What factors are associated with academic performance in F2F
versus H sections? In the end, students in the H section had
similar levels of achievement (exam scores) and team satisfac-
tion as those in a more traditional F2F section. These results are
consistent with and expand upon the work of others showing
that online or hybrid format can be improved with increased
structure (Haak et al., 2011; Biel and Brame, 2016).

METHODS

The University of Minnesota Institutional Review Board deter-
mined that the proposed activity, STUDY00009819, is not
research involving human subjects as defined by U.S. Depart-
ment of Health and Human Services and U.S. Food and Drug
Administration regulations.

We designed and taught two sections of an introductory
microbiology course with a laboratory at a large comprehensive
public university: the “traditional” section had one online and
two F2F lectures each week, while the H section had three
online lectures. This course had historically used only the tradi-
tional format, but increased enrollment and a lack of lecture
space in the Spring of 2019 led us to add the H section. Both the
F2F and H sections had two laboratory sessions per week
designed to complement lecture topics. The lecture and lab
materials, quizzes, lab reports, presentations, and exams were
identical for both sections.

The F2F sections contained both nursing and non-nursing
students, while there were no nursing students enrolled in the
H section. We focused our analysis on non-nursing students in
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Although some students take the course to
complete a major requirement, most stu-
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FIGURE 1. Non-nursing student demographics in the 2019 and 2020 F2F and H sections.
Data are from the registrar’s office. (A) Distribution of students’ declared majors;

(B) percentage of students with various class standings.

both sections; they were primarily juniors and seniors with sim-
ilar majors but came from several different colleges in the uni-
versity (Figure 1). In contrast, nursing students belong to a
close-knit cohort and are younger (primarily sophomores);
these students traditionally score higher on exams than their
non-nursing classmates and enter the course with higher grade
point averages (GPAs; unpublished data). In 2019, non-nursing
students in the hybrid session scored slightly lower on two
exams compared with those in the F2F section, prompting us to
add interventions in the Spring of 2020.

Course Design

General Microbiology is a large (200+ students) 2000-level
mixed-major, lab/lecture, allied health introductory course with
prerequisites of one semester of college biology and chemistry.
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dents take the course as a requirement for
entrance into health professional graduate
programs. The course was designed using
evidence-based practices including back-
ward design (Wiggins and McTighe, 2005)
and universal design for learning (www:.
cast.org), and entailed a highly structured
format (Supplemental Table 1), which is
associated with better student outcomes
(Haaket al., 2011; Eddy and Hogan, 2014;
Gavassa et al, 2019). All course materials
were accessible through the online course
management systems Moodle (2019) or
Canvas (2020). Lectures consisted of a
summary of material from the textbook
supplemented with case studies from news
stories and references to recent publica-
tions. In the F2F section, we used the Top
Hat platform (https://tophat.com) as a
student response system. In-class lectures
included three to four questions designed
to assess student understanding and
address common misconceptions. Stu-
dents earned participation points by
answering assigned questions. Online lec-
tures covered the same material with a
voice-over slide presentation annotated
with hand-drawn notes using Doceri desk-
top; lectures were recorded in 10 to 30
minute segments. Before or shortly after
lecture, students in both sections com-
pleted online adaptive-learning quizzes
provided by the publisher (Nester’s Micro-
biology: A Human Perspective); students
who answered a question correctly moved
on to the next subject, while those who
answered incorrectly received additional
similar questions to try after reading the
textbook. Students received credit for the
assignment after all questions were
answered correctly. We posted learning
guides for each lecture that contained crit-
ical-thinking questions related to the
learning objectives and sample test questions. The F2F section
had one online lecture each week, while the H section had
three. Two of the authors (D.E-H. and PG.-M.) delivered the
same in-person or online lectures in both sections and were the
only lecture instructors for the course.

All students participated in 2 hour lab sessions held twice a
week, but students in the F2F section and H sections were
taught separately. D.E-H. and P.G.-M. led lab sessions that were
facilitated by a lab coordinator (L.B.), instructor (G.M.), and
undergraduate peer TAs who had taken the class previously.
Groups of four students completed the lab experiments and lab
reports together. Before the lab, students were expected to
watch a video and read the lab manual. During each lab ses-
sion, we administered an online lab quiz worth 4 points (group
or individual) that covered lab and lecture material. During the

2020
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lab, students also worked together on critical-thinking ques-
tions, case studies, concept maps, and a group presentation.

Assessments

A wide variety of assessments, both individual and group, con-
tributed to each student’s final grade (Supplemental Table 1).
As described earlier, students took 26 lab quizzes and were
allowed to drop three. In 2019, students in both sections took
in-person exams with bubble sheets that contained 50 multi-
ple-choice and true/false questions. In 2020, students in both
sections took the same type of in-person exams on their laptops
using the LockDown browser (https://web.respondus.com/he/
lockdownbrowser); these exams also included multiple-answer
questions. Each section had four exams; the last exam con-
tained approximately 25% comprehensive material. Groups
worked together to produce three sets of lab reports worth a
total of 75 points. The same groups produced recorded (2019)
or written (2020) presentations (40 points) on an infectious
disease topic: ebola in 2019 and measles in 2020. Lab groups
also completed a set of immunology case studies together. In
2020, students in the hybrid section participated in online
nested discussions (4 points/week, described later).

Survey

In 2020, students were invited to participate in a survey posted
on Canvas that included multiple-choice or Likert-style questions
and two open-ended questions regarding outside commitments,
college science courses taken, course modality preference, the
number of credits they were taking, and previous experience
with online learning (Supplemental Table 2). Answering the sur-
vey questions allowed students to drop an additional quiz score.
Students were informed that their answers would be de-identi-
fied before analysis. Ninety-eight percent of F2F section students
and 87% of the H section students responded.

Student Population

Students from many different majors self-selected either the
F2F or H sections based on preference and schedule availability.
One exception was nursing students who had to enroll in the
F2F section. However, as noted earlier, nursing students were
excluded from this analysis. Of the 222 students enrolled in the
2019 F2F section, 77 were non-nursing students (35%); there
were 68 students in the H section. Approximately 75% of the
students in both sections were enrolled in biology- or chemis-
try-related majors (Figure 1A). The percentage of juniors and
seniors (87% and 84%) for the F2F and H sections, respectively,
were also similar (Figure 1B). The 2020 student demographics
were comparable to those in 2019. In the F2F section, 32% of
students were non-nursing majors. In both sections, 80% of
non-nursing students were enrolled in biology- or chemistry-re-
lated majors (Figure 1A). Most students were juniors or seniors
(93% F2E, 85% H; Figure 1B).

In theory, having asynchronous online lectures might give
students in the H section additional time to take on work/fam-
ily commitments and/or extra credit hours. These extra time
constraints could contribute to lower exam scores. To address
these variables, students in 2020 were given surveys (described
earlier). The distribution of credit loads was actually similar for
students in the F2F and H sections, with students in the F2F
section taking slightly higher loads (Figure 2A). The numbers of
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students with low (<5 hours/week) and high (>20 hours/week)
levels of work/family commitments outside school were also
similar for both groups (Figure 2B). Students answered demo-
graphic questions on their entering GPAs and race when enroll-
ing in the Comprehensive Assessment of Team Member Effec-
tiveness (CATME) program at the beginning of the semester
(described later); 87% of students in each section participated.
Students in both sections reported similar levels of racial diver-
sity (Figure 2C). More than 80% of students in both groups had
taken five or more sciences courses before enrolling in our
course (Figure 2D). Most students were female: 82% in the F2F
and 87% in the H sections (unpublished data). The average
incoming GPA was 3.51 and 3.46 for the F2F and H sections,
respectively (unpublished data).

Course Preference and Withdrawal Rates

The majority of students were able to enroll in the format of
their choice, although the number was smaller for the H course.
In the F2F section, 70% of students preferred the traditional
format; 20% preferred an all in-person format (no online lec-
tures, not offered), and 9.5% would have enrolled in the H sec-
tion if schedule allowed. In the H section, 54% of students
reported a preference for an all-online lecture format; 29% pre-
ferred the hybrid and 17% preferred an all in-person format
(not offered). No students withdrew from either section in
2020. In 2019, one student withdrew from the F2F section, and
none withdrew from the H section.

Interventions: Metacognition, Team-Building Activities,
Assessment of Group Effectiveness (CATME), and Online
Discussions

After exam 2, students in the 2019 H section were given the
opportunity to complete an exam correction exercise designed
to increase metacognition and familiarity with the layout of the
course (Figure 3). Students could choose up to three questions
missed on the exam and, by answering the following prompts
for each question, could earn up to 1 point (50%) back per
question.

1. Copy the question.

2. State the correct answer and why this is better than the one
you chose.

3. Write where you found this information in the class
materials.

The average number of points earned was 3; 81% of stu-
dents completed the exercise. Students in both H and F2F 2020
sections completed a similar exercise after exam 1.

For the entire semester (2019 and 2020), students worked
together in groups of four (or occasionally three) to which they
were randomly assigned. Groups completed all 27 labs, wrote lab
reports, produced a presentation, and took lab quizzes together.
To promote group cohesion, we introduced team-building activi-
ties in the first half of the semester. On the first day of the lab in
both 2019 and 2020, students introduced themselves using the
“Discover Your Microbe Personality: Which Microbe Are You?”
online activity developed at the Center for Microbial Oceanogra-
phy: Research and Education (CMORE; http://cmore.soest
.hawaii.edu/education/kidskorner/eng_6up_quiz/ur_ql.htm).

In 2020, students participated in four additional team-build-
ing activities (Figure 3). First, we (D.E-H. and P.G.-M.) discussed
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FIGURE 2. Non-nursing student demographics in the 2020 F2F and H sections assessed
by survey. (A) Number of credit hours taken in the semester analyzed; (B) number of
hours/week committed to work, family, or volunteer obligations outside school;

(C) primary racial identity; (D) number of university-level science courses taken before
enrolling in the course. Students answered CATME questions at the beginning of the term
(C) or optional course survey questions at the end of the term (A, B, D).

our roles and responsibilities as a team teaching several courses
together. We offered personality insights, provided examples of
ways our strengths are complementary, and discussed how we
resolve conflict. Afterward, students were given time to reflect
on their own strengths and to share these with one another. In
another activity, as instructors we shared Two Truths and a Lie,
an activity where students had to guess which of three state-
ments about us was untrue; students continued this activity as
a group. Before the first group lab report, students prepared a
team contract (described later) with questions and language
inspired by undergraduate student TAs. After students turned in
the first group lab reports, they filled out a CATME peer evalua-
tion (described later). In the last activity before the shutdown,
TAs described their experiences working in groups, offered sug-
gestions for resolving conflict, and gave students 10 minutes to
reflect on their experiences.

In 2020, we used the CATME Web-based program (https://
info.catme.org) that evaluates teamwork by recording both
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students’ peer evaluations of individual
group members and their perception of
the team experience as a whole (Figure 3).
In the week preceding the first day of class,
students completed the Team Maker sur-
vey, which included questions on sex, race,
schedule, incoming GPA, year (academic
{1620 standing), and major; 87% of students in
B 1115 each section completed the survey. Stu-
610  dents completed three CATME peer evalu-
ations: one after the first group lab report
(pre-shutdown), one after the second lab
report, and one at the end of the semester
(both post-shutdown). Only data from the
pre-shutdown survey were included in this
analysis.

For online group discussions, each
week, we posted two questions similar to
those in the Learning Guide. Students
responded to the questions midweek but
were able to see other group members’
answers only after they posted; by the end
of the week, they were expected to either
revise their answers based on information
shared by the group or comment on
another post, adding to the content or
pointing out a potential misconception.

H E:x>0

W W26

Data Analysis

Mean exam scores for the two sections
were compared using GraphPad Prism
(www.graphpad.com/scientific-software/
prism) software and pairwise independent
H two-tailed t tests with unequal variance.
The effect of the metacognition exercise
on exam scores was assessed using two-
way repeated-measure analysis of variance
(ANOVA) on GraphPad Prism. IBM SPSS
software was used to analyze the factors
associated with students’ academic perfor-
mance. We performed multiple linear
regressions using the stepwise method and
the IBM SPSS software platform. The regression model with the
highest adjusted R?> was chosen. We used the coefficient to mea-
sure the degree of relationship between the exam scores and
1) the self-reported entry GPA, 2) the number of previous uni-
versity-level online courses taken, 3) the number of previous
university-level science courses taken, 4) the time after lecture
at which students reviewed the lecture learning guide, 5) the
number of credits taken in that semester, and 6) the number of
hours per week that students spent working, volunteering, or
caring for family members. Residual plots had no outliers, and
assumptions of regression were all satisfied. Survey questions
can be found in Supplemental Table 2.

RESULTS AND DISCUSSION

Spring 2019 Hybrid Student Exam Scores Were Slightly
Lower Despite Metacognition Intervention

Exam 1 scores for students in the F2F and H sections were sim-
ilar overall (Figure 4A). However, the mean exam 2 score for H
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FIGURE 3. Timeline for course interventions in the 2019 and 2020 H courses. Red arrows
indicate team-building activities, the gray arrow denotes a metacognition activity, blue
arrows indicate weekly discussions, and green arrows indicate CATME Peer Evaluation
surveys. A CATME Team Maker survey was also used at the beginning of the 2020 semester
(unpublished data). The shaded area of 2020 represents the period when both lecture and
lab for the hybrid (and the F2F) section were conducted online; data from this period were

not included in the present analysis.

students (72.8%) was 4.5% points lower than the mean score
for F2F students (77.3%, p < 0.05; Figure 4A). We hypothe-
sized that students who did not have in-class instruction for
studying were not as familiar with the layout and emphasis of
the course. Students in the H section completed a metacogni-
tion test correction exercise (described in Methods; Figure 3) to
earn up to 3 points back on exam 2. We compared the average
increase in exam scores (exam 3 — exam 1/2 average, and
exam 4 — exam 1/2 average) for students within the H section:
those who completed the metacognition exercise, H(+M), and
those who did not, H(-M). H(+M) students actually started
with median exam 1 scores that were lower than those of
H(-M) students (Supplemental Figure 1A). H(+M) students
improved their exam 3 scores by an average of +5.4% points
compared with +2.2% points for H(-M) students. The differ-
ence between the two groups increased to 5% points by exam
4 (Supplemental Figure 1B).

Metacognition is an important element in the process of
learning (Wang et al., 1990; Tanner, 2012), and exercises
designed to increase student metacognition can result in higher
quiz scores and greater understanding of biological concepts

J number of students in each group, 55
(+M) and 12 (-M), was too small to con-
clude that the exercise made a significant
difference. Although we did not find a sig-
nificant difference between the two groups
using a repeated-measures ANOVA test,
we observed a trend in the data. In 2020,
we chose to keep this exercise and increase
the focus on cooperative learning with an
increased course structure.

Spring 2020 Hybrid and F2F Student Scores Were Similar
and Were Associated with Positive Group Dynamics and
Increased Course Structure

2020 Student Demographics, Interventions, and Exam
Scores. In the second iteration of this two-section course
(Spring 2020), we attempted to account for confounding vari-
ables by collecting additional demographic data from two
sources: a brief survey completed at the beginning of the term
when students enrolled in CATME and an additional survey
administered at the end through the learning management sys-
tem (Canvas), both described in Methods. In terms of course
load, hours of outside work or family commitment, major, eth-
nicity, the level of science background, and class standing, the
cohorts of non-nursing students in the F2F and H sections were
very similar (Figures 1 and 2); the average entering GPA was
also quite similar (unpublished data). For the first half of the
semester, sections were taught as planned and described in
Methods. However, because the COVID-19 pandemic forced the
entire university to make a sudden switch to all-online learning,
our study was confined to the first half of the semester, which
included two exams.

Study 1: Will an Increase in Course

A * " B Structure and Emphasis on Positive
100 —. . [— 100 . . Group Dynamics Decrease the Achieve-

g é s 2 ; ; .f_ s Y ment Gap between Students in the

€ &= =i = & = 8 s "4 E S 7 2020 F2F and H Sections? Role assign-
v V= E =2 TF T & g 80 S MR TS § ment, group contracts, peer evaluations,
g t £ & £ T =T % 8 3 ? P, ¥ and peer assessments are useful tools to
§ o0 : : £ -;- s ® f é § 60 s ¢ ¢ promote effective group collaboration
= . ° 5 - $ ° (Messersmith, 2015; Chang and Kang,
20 . hd 40 - 2016; Chang and Brickman, 2018). In a

F2F H F2F H  F2F H F2F H F2F M F2F H previous study (unpublished), we intro-

Exam | Examll  Examlll  Exam IV Exam | Exam Il duced each of these in a section of micro-

FIGURE 4. Exam scores for students in parallel F2F and H sections from two terms:
(A) 2019 and (B) 2020. Lines mark median scores. Asterisks indicate pairwise comparisons

with a significant (p < 0.05) difference between the means.
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biology very similar to the two in this
analysis. TAs led three team-building
activities during lab sessions. We assessed
team satisfaction using the CATME online
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TABLE 1. CATME peer evaluation ratings for students in the two sections®

CATME team satisfaction® F2F (n = 44) H((n=61)
I am satisfied with my present teammates. 4.7 (0.08)° 4.7 (0.09)
I am pleased with the way my teammates and I work together. 4.7 (0.08) 4.7 (0.06)
I am very satisfied with working in this team. 4.6 (0.10) 4.7 (0.09)

aStandard errors given in parentheses.
bScored 1 to 5, with 1 =low, 5 = high.

system (https://info.catme.org; described in Methods). At the
end of the semester, CATME ratings for team satisfaction were
high, with only a small proportion (7%) reporting a neutral or
negative level of satisfaction (unpublished data). In online
surveys, the majority of students (69%) found the team-build-
ing activities and group contracts (69%) to be helpful (unpub-
lished data). Sixty-three percent of students in our study rated
group work VBS 2032 as “more satisfying” than group work in
other courses they had taken (unpublished data). These results
influenced our design for the 2020 study, which included three
types of interventions (Figure 3, described below).

Students in the 2020 F2F sections answered questions col-
laboratively during class; however, students in the correspond-
ing H section lacked this opportunity, because all lectures were
online (asynchronous). We hypothesized that an increase in
course structure and additional focus on collaborative learning
would result in higher exam scores in the H section. Three types
of interventions for the H section are depicted in the timeline
(Figure 3) and described in Methods: team-building activities,
CATME assessment of team satisfaction, and online group dis-
cussions. The COVID-19 pandemic forced most colleges and
universities to make a sudden transition to online learning. For
this reason, only data from the first half of the 2020 semester
were used in this study.

Before the shutdown, students engaged in four team-build-
ing activities and prepared a group contract. They completed a
CATME Peer Evaluation Survey (www.CATME.org) and partici-
pated in five online group discussions. We used the same
team-building activities in the F2F section; these students also
completed the CATME surveys, but they did not participate in
the online discussions.

In response to three Likert-style questions administered at
midterm through CATME before the shutdown, students in
both sections reported high levels of team satisfaction (4.6-4.8
out of 5; Table 1). Even after the shutdown, CATME team sat-
isfaction scores in both groups were high (unpublished data).
When asked to respond to the statement “This class improved
my group work skills,” 75% of F2F and 73% of H students
responded with “strongly agree” or “agree.” When asked “How
would you rate your group work experience in this course com-
pared with group work in other university courses you have
taken?,” 57% of students in each section reported that it was
“more satisfying,” while only 5% (F2F) and 8% (H) reported
that it was “less satisfying” (Supplemental Figure 2). CATME
also assesses other parameters of team effectiveness such as
conflict and psychological safety. Students in F2F and H sec-
tions reported similar low levels of conflict related to tasks,
relationships, and process (Supplemental Table 3); students in
both groups also reported similar high levels of psychological
safety as measured by answers to six questions (Supplemental
Table 3).
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In 2020, students in the H section scored as high on exams 1
and 2 as those in the F2F section (Figure 4B). In contrast with
the 2019 results (pre-interventions), exam 2 mean scores from
the H section were actually slightly higher (though not statisti-
cally significant) (Figure 4B). These results add to a growing
number of studies that document similar learning outcomes in
hybrid versus face-to-face learning environments (Twigg, 2003;
Garrison, 2008; Vaughan, 2007; Means et al., 2013; Moskal
et al., 2013; Dziuban et al., 2018). Having the added structure
of a weekly online discussion of critical-thinking questions may
have helped students in the H section stay actively engaged
while also examining their own understanding of the material
in relation to others in the group. Spending dedicated time in
the lab with team-building activities and group contracts may
have also contributed to team satisfaction and a better cooper-
ative learning environment.

Many factors influence the ability of students to learn in an
online environment (Schrum and Hong, 2002). Students’ level
of experience in a university environment (class standing) was
correlated with success in another hybrid (non-lab) microbiol-
ogy course, as was the method of note-taking (Adams et al.,
2015). Factors that may contribute to the success of online learn-
ing also include demographic characteristics, individual prefer-
ences and technical skills, student self-efficacy and motivation,
and social interactions with other students and teachers (Batu-
ray and Yukselturk, 2015). We asked students to respond to
questions regarding their mode of course preference (F2F or
online), semester credit load, number of hours spent on family or
work commitments, and level of experience with online courses
and university-level science and the timing of learning guide
completion. (Questions are available in Supplemental Table 2.)

Study 2: What Factors Are Associated with Academic Perfor-
mance in F2F versus H Sections? A multiple linear regression
was calculated to analyze exam scores based on 1) the self-re-
ported entry GPA; 2) the number of previous university-level
online courses taken; 3) the number of previous university-level
science courses taken; 4) the time after lecture at which stu-
dents reviewed the lecture learning guide; 5) the number of
credits taken in that semester; and 6) the number of hours per
week that students spent working, volunteering, or caring for
family members (extracurricular activities).

For the F2F section, significance was found in the entry GPA
and those who were taking 13-14 course credits that semester
(Table 2). The regression equation is y = 36.94 + 12.68x, —
6.408x,, where x, represents the entry GPA, and x, is the 13-14
credits taken in the semester, with adjusted R? of 0.365. Partici-
pants predicted that exam scores is equal to 36.935 +
12.677(entry GPA) — 6.408(13-14 credits per semester). The
p values are 0.004 for the predictor of entry GPA and 0.049 for
the 13-14 credits per semester.
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TABLE 2. Student factors associated with 2020 exam scores®

F2F (n=36) H (n=54)

Pre-entry GPA p=0.004 p<0.001
Credit workload p=0.049 ns
Lecture review timing ns ns
Number of previous online courses ns ns
Course delivery preference ns ns
Number of previous online science courses ns ns
Hours spent in work/family commitments ns p=0.014

ans, not statistically significant.

For the H section, significance was found in the entry GPA
and those who spend fewer than 5 hours per week in extracur-
ricular activities (point 6). The regression equation is y =
19.481x, — 5.23x,, where x, is the entry GPA, and x, is the time
spent in extracurricular activities, with adjusted R? of 0.608.
Participants predicted that exam scores is equal to 14.867 +
19.475(entry GPA) — 5.233(time spent in extracurricular activ-
ities) measured in hours per week. The p values are < 0.001 for
the predictor of entry GPA and 0.014 for the group that spent
5 hours or fewer in extracurricular activities (Table 2).

In this study, three variables were associated with higher
exam scores: incoming GPA, the number of credits taken, and
the hours per week spent working/volunteering/caring for fam-
ily members (Table 2). There was a strong association between
student GPA and exam scores in both the F2F and the H sec-
tions, with p values of 0.004 and < 0.001 respectively, Table 2.
This held true even when all students were analyzed together
regardless of section (unpublished data). Many previous studies
have shown GPA to be a good indicator of academic perfor-
mance in undergraduate biology classrooms (e.g., Freeman
etal., 2007, 2011; Adams et al., 2015). The data from our anal-
ysis of the F2F and H students are consistent with these results.
Students were asked whether their semester course credit load
was < 12, 13-14, 15-16, 17-18, > 20 credits. They were also
asked if they spent < 5, 6-10, 11-15, and 16 or more hours per
week working/volunteering/caring for family members. Stu-
dents who had a course load of 13-14 credits scored slightly
higher in the F2F section (p = 0.049). Most universities advise
students to take 12-15 credits/semester, so it may not be sur-
prising that 13-14 credit hours allowed students enough time
for study. Students in this group (n = 12) spent more time work-
ing/volunteering/caring for family members (> 5 hours/week)
than students with higher credit loads (n = 27). In the H group,
students who spent < 5 hours/week on these activities (n = 15)
had higher scores (p = 0.014). This result is consistent with the
study by Wenz and Yu (2010), who found that choosing to work
was associated with higher GPAs, but adding additional work
hours had a modest negative effect on grades. Our conclusions
with respect to course loads and extracurricular responsibilities
are limited by the small sample size.

Three additional variables were not significantly associated
with exam scores in either section: course preference, previous
experience with science/online course work, and timing of lec-
ture review. Most F2F students (70%) enrolled in the section
because they preferred that mode of delivery. Only 53% enrolled
in the H section because it was a mode they preferred. However,
students who had to enroll in the H section (despite their pref-
erence) scored the same as those who preferred online lectures.
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A large proportion of students (80% F2F and 83% H) had pre-
viously taken more than five college science courses, so this fac-
tor had no statistical significance. The level of previous experi-
ence with online learning was not associated with higher exam
scores in either section. However, all students had taken at least
one to two courses online, so this type of learning was not
entirely new. All lectures were accompanied by a learning guide
containing review and critical-thinking questions. Asynchro-
nous lectures allow the flexibility for some students to procras-
tinate. We asked students if they completed the learning guides
within a day, 1 week, or 2 weeks of lecture or only before exams.
The data were not statistically significant, but we noticed a pos-
itive correlation between exam scores and learning guide com-
pletion within a day of lecture in both groups.

Increasing the participation of URM individuals in the scien-
tific workforce is a high priority (Malcom, 1996; Hrabowski,
2011). Adding alternative formats with additional flexibility like
hybrid classes could increase enrollment for nontraditional and
URM students. Is the achievement gap influenced by the course
format? Comparing three sections of introductory biology (face
to face, hybrid, and online) Gavassa et al. (2019) found that
Black and Hispanic students scored the highest in the hybrid
and lowest in the F2F formats, although when the authors con-
trolled for prior performance (measured by math subset ACT
score), students in all ethnic/racial groups scored highest in the
hybrid section. In that study, the hybrid class had the highest
level of course structure as defined by Haak et al. (2011). URM
students in an introductory microbiology course scored lower in
both formats studied, F2F and hybrid (Adams et al. 2015). The
number of URM students in our study (2020, F2F = 4, H = 10)
was too low to draw many significant conclusions. URM stu-
dents scored 10.5% and 14.4% lower than majority students in
the H section for exams 1 and 2, respectively, but the average
incoming GPA was also 0.2 pts lower for the URM students.
Many factors ultimately contribute to students’ success in any
course format; finding ways to engage all students equitably in
multiple modalities is critically important.

Limitations of the Study

One limitation of this study is that the sudden changes in
instruction caused by the pandemic did not allow us to compare
the F2F and H sections in the second half of the semester
(2020). However, we were able to use a full semester of data
from 2019, and together, these data show that students learn-
ing in both instructional modes performed at fairly similar lev-
els on exams overall. Exams themselves do not fully capture
students’ learning. Quizzes, lab reports, and presentations are
alternate assessments in which some students excel. In our
study, these were group exercises in which individual learning
gains could not be measured. The F2F class included nursing
students, and while this cohort was excluded from study, the
group learning dynamics as a whole may have been somewhat
different, as these students typically bring more clinical and less
basic science knowledge to their groups.

CONCLUSION

With a high level of course structure and cooperative learning,
students in a hybrid lecture/lab course had similar levels of
achievement and team satisfaction as those in a more traditional
F2F lecture/lab course. CATME was an easy and powerful tool
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to assess team effectiveness. Because the demographics of both
groups were very similar, the primary difference between the
sections was the mode of instruction. (The F2F section also con-
tained sophomore nursing students, but these students were not
included in the study.) The similar outcomes in 2020 contrasted
somewhat with the difference between the F2F and H sections
in 2019 when there were fewer team-building activities and
there were no online group discussions to help students avoid
procrastination and stay accountable with teammates. The
2020 results add to the body of literature supporting the success
of hybrid courses (Garrison, 2008; Means et al., 2013; Moskal,
2017). This format gives students more flexibility in their sched-
ules and frees up limited classroom space on many campuses
(Vaughan, 2007; Moskal et al., 2013). Not all students are com-
fortable with online lectures, and some will have difficulty with
time management and/or procrastination. Most of our students
were juniors and seniors, and this may have influenced their
success. A previous study reported that, when sophomores were
excluded, students in a microbiology hybrid course performed
as well as those in a F2F section (Adams et al., 2015). Entry GPA
was a strong predictor of exam scores in both sections.

Even as students return to campuses around the world, the
COVID-19 pandemic will change the nature of higher education
in the future. Some courses will continue online, and many
more may adopt a hybrid format, giving students greater flexi-
bility with scheduling and transportation. By engaging students
through a high-level of structure with active and cooperative
learning, student learning outcomes and achievement can rival
those in a traditional classroom.
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