
Lessons Learned
These data indicate that student outcomes for the Biol 2325L Micro labs were better 
when curriculum was delivered in a hybrid, mixed modality rather than one that was 
either all face-to-face or all online. The literature shows that pedagogically sound 
class time, regardless of modality, leads to increased student outcomes5. Further, 
synchronous, face-to-face classes may not be the most effective way to teach every 
course5,9,10. Asynchronous, online modalities allow students to move at their own 
pace11, which is likely a major reason that online course offerings were on the rise 
even before the Covid-19 pandemic5,10,11. However, online courses are not without 
their problems. For example, digital inequalities (unequal access to computers and 
internet access) among students were elucidated during the COVID-19 pandemic, as 
were the needs for student autonomy and social support networks for online 
students12. The hybrid Biol 2325L course seems to provide the “best of both worlds” 
for Micro lab students, as it includes both synchronous and asynchronous 
instruction, access to campus computers and internet (if needed), and student 
support in the form of face-to-face and online access to the instructors as well as 
campus resources, such as the Learning and Resource Center, advisors, and tutors.
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In March of 2020, educators were faced with the challenge of transitioning from 
face-to-face to fully remote coursework as schools closed and social distancing 
policies were enacted to slow the spread of Covid-19. The Covid-19 pandemic 
disrupted lesson plans and forced educators to redesign their course curriculums to 
minimize the negative impacts of this disruption on student outcomes. This included 
coursework that had previously been considered “nearly impossible” to teach online, 
for example, that of a science laboratory course. Now, two years since the start of the 
pandemic, schools have reopened, and social distancing policies have relaxed. 
However, some students cannot (or will not) return to face-to-face coursework. 
Therefore, it is necessary to evaluate alternatives to face-to-face teaching and their 
potential impacts on student learning. For this, the Fundamentals of Microbiology 
Laboratory course (Biol 2325L) at Fran U was chosen, as it was delivered to students 
in 1) fully face-to-face, 2) fully online, and 3) hybrid (part face-to-face, part online) 
formats before, during, and after the start of the pandemic, respectively. The impacts 
of the COVID-19 pandemic and alternative course formats on student learning 
outcomes are discussed, as well as suggestions for how to support future online 
teaching and learning goals.
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The Fundamentals of Microbiology Laboratory course (Biol 2325L) at Fran U is an 
undergraduate laboratory for students to learn a variety of microbiological 
techniques, skills and concepts. Topics covered include traditional, biochemical, and 
molecular techniques which provide students with basic skills in aseptic technique 
and the manipulation and observation of microorganisms. Students gain awareness 
about the ubiquity and diversity of microbes and the roles they play. In addition, 
students generate, analyze, interpret, and communicate scientific data. Curricula is 
presented in accordance with the ASM Recommended Curriculum Guidelines for 
Undergraduate Microbiology Education1. Course-level and unit-level student learning 
objectives are designed to develop listening, writing, and discussion skills. When 
Covid-19 lockdowns began, in the middle of the Spring 2020 semester, educators 
across the world had to move all face-to-face instruction online. This emergency 
remote teaching (ERT) modality was not necessarily comparable to fully developed 
online courses, which take several months to develop2,3,4,5,6. The fully developed 
online course was delivered to students beginning in June 2020 and was the sole 
modality available until the hybrid course design was completed in August of 2021. 

Among other things, the Covid-19 pandemic shed light on the need for educators to 
adjust to disruptions to existing lesson plans. Future disruptions may include not 
only pandemics, but also such things as natural disasters and climate crises4,5. The 
process of changing the way a course is delivered involves much more than 
uploading course materials to the internet. Instructors must consider how modality 
affects how a course is paced, the proper student-teacher ratio, mechanisms of 
communication between students and teachers, the appropriateness of course 
assessments, and students’ access to technology and educational resources. 
Educators also need resources, such as adequate time, administrative support, and 
professional development opportunities, to ensure that they are able to stay flexible 
enough to meet the needs of face-to-face, online, and hybrid students in the future.
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Grade Distributions

SLO #1 SLO #2 SLO #3 SLO #4 Grade Avg.

F2F vs. Spring 2020 p = 0.81 p = 0.21 p = 0.01 (Spring 2020) p = 0.67 p = 0.39

F2F  vs. Online p = 0.00 (Online) p = 0.00 (F2F) p = 0.01 (Online) p = 0.69 p = 0.69

F2F  vs.  Hybrid p = 0.00 (Hybrid) p = 0.23 p = 0.05 (Hybrid) p = 0.54 p = 0.14

Spring 2020  vs.  Online p = 0.00 (Online) p = 0.00 (Spring 2020) p = 0.51 p = 0.42 p = 0.50

Spring 2020 vs.  Hybrid p = 0.02 (Hybrid) p = 0.14 p = 0.88 p = 0.78 p = 0.51

Online vs.  Hybrid p = 0.30 p = 0.6 p = 0.71 p = 0.33 p = 0.16

LOW F2F Online F2F F2F F2F

HIGH Hybrid Spring 2020 Hybrid Hybrid Hybrid 

Low vs. High p = 0.00 p = 0.00 p = 0.04 No significance (p>0.05)

Course-level student learning outcomes to be investigated included: 1) Become 
competent in the application of bright field microscopy, 2) Become competent in the 
practice of cultivating microorganisms, 3) Analyze the biochemical properties of 
microorganisms, and 4) Evaluate control methods for microbial growth. The 
assessment tools used to measure successful achievement of student learning 
outcomes were: 1) Multiple choice questions on the midterm exam, 2) Guided 
questions on the first lab report, 3) Multiple choice questions on the final exam, and 4) 
Guided questions on the semester project report, respectively. Additionally, overall 
grade averages (on a 10-point scale) and DFW rates (numbers of students earning a 
“D” or “F” grade or that withdrew and earned a “W'' in the course) were used to 
assess student outcomes. Assessment scores for each of these criteria were grouped 
and compared based on their modalities (i.e.,  F2F, Spring 2020, online, and hybrid). 
Although the Spring 2020 semester was technically delivered via hybrid modality (part 
F2F, part online), it was considered independently because of the abrupt, 
mid-semester changes that needed to be made on the fly rather than by design. Scores 
for each criterion and group were averaged and analyzed using one-way ANOVA 
comparison tests (significant at p < 0.05).

Mean assessment percent scores for each student learning outcome (SLO) and overall 
grade average were grouped according to course modality and are shown above. All 
SLOs met the benchmark for a 2000-level science course, 75%. Mean scores for SLO 
numbers 1, 3, and 4 were highest for hybrid classes (86.8%, 94.8%, and 91.8%, 
respectively), as were overall grade averages (91.4%). Interestingly, the highest scores 
for SLO #2 (91.4%) belonged to students attending the Spring 2020 emergency remote 
learning (ERL) course. Another surprising result was that the lowest scores for each 
criterion occurred before the pandemic, among students in the F2F classes. Mean 
scores were 75.8%, 88.3%, 87.8%, 88.4%, and 87.5% for SLOs 1-4 and overall grade 
average, respectively. In general, the switch from traditional, face-to-face Micro lab 
sessions to online and/or hybrid learning modalities did not show a negative impact on 
student learning outcomes. In fact, the opposite seems to be true. 

Grade distributions and DFW rates (numbers of “D” grades, “F” grades, and 
withdrawals, combined) for students attending each of the four course modalities (F2F, 
Spring 2020, Online, and Hybrid) are shown in the figure above. The rising blue 
trendline shows the significant increase in the number of “A” grades from 2019 to 
2022. The lowest percentage of “A” grades (39.0%) was observed for face-to-face 
classes held before the pandemic. Alternatively, the highest percentage of “A” grades 
(74.2%) was observed for students enrolled in hybrid classes. DFW rates were highest 
for face-to-face classes (11.5%) and lowest for hybrid classes (9.7%). While DFW rates 
differed among course modalities (mean: 9.5%, n = 4), these differences were not 
found by one-way ANOVA testing to be significant. This nonsignificant result is 
indicated by the presence of the flat trendline at the top of the figure.

Results of one-way ANOVA tests (significant at p < 0.05) are shown in the table above. 
Also listed are the modalities with the lowest and highest scores for each criterion. 
Significant differences for SLOs 1-3 are highlighted in blue. Differences were not found 
to be significant among modalities for SLO #4 or for overall course grade averages.

Now that the Covid-19 surges are subsiding, some students are hesitant to return to 
campus for various reasons7,8. Therefore, it is important to investigate the impacts 
that alternative teaching methods have on student outcomes and the ways in which 
teaching and learning goals can be supported in online learning environments.   


